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intelligent reliable solutions for plastics, composites, metals, foams, ...
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Materialcharakterisierung mit m IMPETUS
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Material models — actual approaches

- Process simulation
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- Structural simulation
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' Homogenization (Micro Scale)
Mean Field Theory
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Material models — implementation in VALIMAT

B Material behaviour Bl Material behaviour
Bl Material source Implemented El Material source Implemented
Elasticity Mot isotropic elastic Elasticity Mot isotropic elastic
Plasticity Yes FPlasticity Yes
Failure/Damage Damage Failure/Damage None
Bl Material card *MAT_ANISOTROPIC_ELASTIC_PLASTIC (*"MAT_157) O Material card *MAT_MICROMEC (*MAT_215)
2D+Distribution [ 7215_MICROMEC_215+Distribution (20) -
Damage/Failure 2D Damage/Failure 7215_MICROMEC_215+Distribution (20)
Materialcard id 3D Materialcard id 7215_MICROMEC_215 (3D)
Density e Density 7215_MICROMEC_215 (3D) + PARAMETER
= Function (Hardening, Elastic curve form) B Function (Hardening, Elastic curve form)
Curve 1 4a model (nue 0.5) curve 1 Bilinear
Strain range upto 0.2 Sfrain range upto 0.2
Sampling points 50 Sampling points 50
Blas factor 10 Bias factor 10
Straif Lok ey T — Strai Table
( Micromec Short fiber reinforced @ —
~— < Micromec MNone
— — S —
Marme Start const.. | from to Variance  Condi.. Descripticn ~ GroupName: 00 _User
~ GroupName: 10_elasticity wm_PHI 0.129 [(MULLY (MULLY (MULL) volume fraction
s 50 (NULL) (NULL (NULL) volume fraction xm_LD 50 (MULLY (NULL) [MULL) aspec ratio
c Cll MMEC (NULL) (NULL) (NULL) constitutive matrix 11 XM_COre_perc 20 [(MULLY (MULLY (MULL) core thickness in percentage
o . xm_all 0.65 [(MULLY (MULLY (MULL) fiber crientation all - outer layer
c 12 MMEC (MULL) [MULLY (MULL) constitutive matrix 12
o ] xm_allc 0.65 [(MULLY (MULLY (MULL) fiber orientation all - core layer
c C13 MMEC (MULL) (MULLY (MULL) constitutive matrix 13
xm_a33 0.05 [(MULLY (MULLY (MULL) fiber orientation a33
c_Cl4 MMEC [(MULL) [MULLY (MULL) constitutive matrix 14
- MM E L LY I '_.II FRILIN DY FRILIE DN FRILIN DY [ENERSRS 5 S S - N
1 Faserorientierungsverteilung mdglich (Kern/Rand) 2 Faserorientierungsverteilungen madglich (Kern/Rand)
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Materialcharakterisierung — Biegeversuche mit VALIMAT

Short fiber reinforced plastics

B Matrix Mone
Density of the matrix User defined
E-Modulus Particle
Poisson's ratio Short fiber reinforced plastics
Yield strength Long fiber reinforced plastics
Strength at Break Endless fiber reinforced plastics
Failure strain Fabrics
B Fiber
Fillerlength 200
Fillerdiameter 10
Fhi or Psi P
Phi 0
Fsi 35
Fillermaterial E-Glas
B Crientation
B Fillerorigntationtype CAlin. OF
Fillercrientationvalue 1 oy
Fillercrientationvalue 2 0.28

Strength
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Materialcharakterisierung — Biegeversuche mit VALIMAT

(1] 160222 00| [ Material | Designvariablen |  Layers |
B Strain rate dependency Table « § Composite Density 1126 [g/dm*]
: c Cl1 §172 [MPa]
Strain rate dependency Johnson Cook c c12 1808 [MPal
= Micromec Llser defined o C13 1231 [MPa]
= Matrix c Cl4a 0 [HMPa]
. . — c C15 0 [HMPa]
Density of the matrix 900 c_Cl6 0 [MPa]
E-Modulus 1500 c_Cz22 4135 [MPa]
Poisson's ratio 0.3 . c_C23 1181 [MPa]
- - matrix c C24 0 [MPa]
¥ield strength 15 d ata c C25 0 [MPa]
Strength at Break 17 c_C26 0 [MPa]
) ) c C33 2616 [MPa]
Failure strain .05 | c C34 0 [MPa]
= Fiber __fle c35 0 [MPa]
Fillerlength 1000 a c_C386 0 [MPa]
e c Ca4 1554 [MPa]
Fillerdiarmeter 20 = C45 0 [MPa]
Phi or Psi P filler c C46 0 [MPa]
Ehi 129 — c_C55 B88.6 [MPa]
: data c_C5E 0 [HMPa]
Psi 20.1 c CE6 957.5 [MPa] o
Fillermaterial E-Glas v_r00 1 [2] * possibilities:
- - - ¥ rd5 0.5105 [1]
B Orientation | - _ _ v _zo0 0.2665 [1] 1) u-CT
= Fillercrientationtype CAlin. OF 0r|entat|0n "|# v _scalematrixo 3.076 [11 2) rocess S|mU|at|0n
Fillerorientationvalue 1 0.6 B d ata * p .
Fillerorientaticnvalue 2 033 _ 3) expe”ence
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Materialcharakterisierung — Biegeversuche mit VALIMAT

(/]e]] 160223 00| [ Material [ Designvariablen [ Layers || (&7 160223 _006| [ Material | Designvariablen |  Layers |

Mame Start const. Description Mame Start const. Description

F . T in'd
GroupName: 10_elasticity v GroupMame: 10_elasticity

c_Cl1 MMEC W constitutive matrix 11 " Grcapihrse 200 ikl
' =r
c_Cl2 MMEC W constitutive matrix 12 v a0 . vield stress
J= I
e MMEC v constitutive matrix 13 y_scale... MMEC W'| yield scale 11 direction
Cl4 MMEC tituti trix 14
o Ml | constitutive matrix y.r00  MMEC 7| yield hill anisotropy ratio 0°
Cl15 MMEC tituti trix 15
- Bl |constitutive matrix y.rd5  MMEC @]  |yield hill anisotropy ratio 45°
Cle MMEC W tituti trix 16
- FonEHEE e y_rao MMEC W'| yield hill anisctropy ratic 90°
c_C22 MMEC o constitutive matrix 23 = » R
~ GroupMame: 21_hardening
c_C23 MMEC W constitutive matrix 23 e =0 .
c_C24 MMEC W' constitutive matrix 24 h_ 50 -
c_C25 MMEC W constitutive matrix 25 -
— MIMEC q' o —— ~ GroupMame: 31_strainrate
C_ constitutive matrnx
o ) v_epspkt  0.01 W initial strain rate threshold
c_C33 MMEC W constitutive matrix 33
15 train rat le (15
c_C34 MMEC W constitutive matrix 34 i . strain rate scale (1/vp)
a5 MMEC v, it trix 35 # GroupMame: 51_failure
C_ constitutive matrix
o . wf_MNUM... 0.75 W Mumlber of failed integration points pricr to
c_C36 MMEC W constitutive matrix 36
04 MMEC | M |constitutive matrix 44 MMEC — Design Variable calculated
c_C45 MMEC W constitutive matrix 45 i .
ccts MMEC | [ constiutive metr 46 by micro mechanic model
c.C55  MMEC | [J] constitutive matrix 55 Less free Design Variables left for
c_C56 MMEC W constitutive matrix 56 . . e .
o material parameter identification
c_Che MMEC W constitutive matrix 66
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Materialcharakterisierung — Biegeversuche mit VALIMAT

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-Maodulus
Poisson's ratio
Yield strength
Strength at Break
Failure strain
B Fiber
Fillerlength
Fillerdiameter
Phior Psi
Phi
Psi
Fillermaterial
B Orientation
B Fillerorientationtype
Fillerorientationvalue 1
Fillerorientationvalue 2
Strength
Fracture
Puostfracture
Loadcases
Casename
Casename
Casename
Results

*MAT_COMPOSITE_DAMAGE (*MAT_022) o
7500_MATZ22

MNone

1000000

-1203.270310622

MNone

MNone
User defined

900
1800
0.3
50
70

0

200

10

W

18.5
40
E-Glas

CAlin. OF
0.7
0.28

m

MNone
MNone

stat_longitudinal
stat_diagonal
stat_perpendicular
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Composite Density 1224 [g/dm*] t
e E11 §941 [MPa] 13 Step
c E22 3810 [MPa] "
c E33 2689 [MPa] . . .
Elastic material behavior
c G23 1055 [MPa]
c G31 1038 [MPa]
c_nueZl 0.2029 [1]
c_nue3l 0.1103 [1]
c_nue32 0.2432 [1]
125.00
stat_longitudinal.rest
1.1_stat_longitudinal.res1{avg:1].7%/ max:39.2%)
stat_disgonal.resi
1.1_stat_disgonal.res1(gvg: 19 4p6 max:54.3%)
stat_perpendicularresi /
100.00 |11 stat_perpendicularresijsvg|1s 13/ max:54 5%) s
T5.00
z
@
2
L=
(I
50.00 ¥
P LA
25.00
— simulation result
¢ ¢ ¢+ mean value curve of tests
0.00
0.00 2.50 5.00 T7.50 10.00
Displacement [mm]
1 N P H Y =] 1 = =] w E

longitudinal
diagonal
perpendicular



Materialcharakterisierung — Biegeversuche mit VALIMAT

Mame
c_CA5
c_C46
c_C55
c_C56
c_C66

y_rds
y_rao

y_scale..

Start
MMEC
MMEC
MMEC
MMEC
MMEC

gupMame: 20_yield

2378486
MMEC
MMEC
MMEC
MMEC

const...

o

v
o
o
W

v
v
v
v

~ GroupMame: 21_hardening

23.785
1500

o

from
[MULL)
[MULL)
[MULL)
[MULL)
[MULL)

15

[MNULL)
[MNULL)
[MULL)
[MULL)

500
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to
[MULL)
[MULL)
[MULL)
[MULL)
[MULL)

50

[MULL)
[MULL)
[MULL)
[MULL)

150
1500

Variance Condi..

(NULL)
(NULL)
(NULL)
(NULL)
(NULL)

[MULL)
[NULL)
[NULL)
[MULL)
[MULL)

50
[MULL)

= :I'f_ D

2nd step:

Optimizing the hardening parameters

Farce [M]

5000

40.00

perpendicularresi
9.1_perpendicularres{ayg:1.2%/ max:3.9%)

20,00

//’

20.00

10,00

— simulation result

¢ ¢ ¢ mean value curve of tests

0.00
0.00

]
2]
=]

5.00
Dizsplacement [mm]

7.50

10.00

perpendicular



Materialcharakterisierung — Biegeversuche mit VALIMAT

Mame
c_CA5
c_C46
c_C55
c_C56
c_C66

y_rds
y_rao

y_scale..

Start
MMEC
MMEC
MMEC
MMEC
MMEC

gupMame: 20_yield

2378486
MMEC
MMEC
MMEC
MMEC

const...

o

v
o
o
W

v
v
v
v

~ GroupMame: 21_hardening

23.785
1500

o

from
[MULL)
[MULL)
[MULL)
[MULL)
[MULL)

15

[MNULL)
[MNULL)
[MULL)
[MULL)

500
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to
[MULL)
[MULL)
[MULL)
[MULL)
[MULL)

50

[MULL)
[MULL)
[MULL)
[MULL)

150
1500

Variance Condi..

(NULL)
(NULL)
(NULL)
(NULL)
(NULL)

[MULL)
[NULL)
[NULL)
[MULL)
[MULL)

50
[MULL)

= :I'f_ D

3'd step:

Validating on all tests

100.00
lengitudinal.res1
1.1_lengitudinal res1{avg.2.2%/ max:8.7%)
dizgonal.resi
1.1_diagonalres!{avg:1. T% max:5.2%)
perpendicularrest
1.1_perpendicular res g:1.3%/ max:3.9%) /
*
75.00 4
z
g 50.00 oty Sharmr=2
=]
[T
PP s £
25.00
— simulation result
¢ ¢ ¢+ mean value curve of tests
0.00
0.00 2.5 5.00 7.50 10.00 12.50
Dizplacement [mm]
| N P H Y S | (= S \"" E T

longitudinal

diagonal

perpendicular



Materialcharakterisierung — Biegeversuche mit VALIMAT

Mame Start  const. from to Variance  Condi. 4th Step.
0 C45 MMEC | (NULL) (NULL) (NULL) .
CC16 MMEC (NULD (UL |(NULD Add the strain rate dependency

c_C56 MMEC (MULLY (MULLY (MULL)

W
c 055  MMEC | (NULL) (NULL) (NULL)
W
c 066 MMEC | (NULL) (NULL) (NULL)

4 GroupMame: 20_yield

y 0 2378486 15 50 [MULL) 200 00
y_r00 MMEC o'  [NULLY (MULL) ([NULL)
y_rd5 MMEC o'  [NULLY (MULL) ([NULL)
y_rad MMEC W'  [NULLY (MULL) ([NULL)
y_scale.. MMEC W' | [NULLY (MULL) ([NULL) 150.00
~ GroupMame: 21_hardening
h_y 23,785 W6 5 150 50 =y 0
h_ET 1500 500 1500  (NULL) - |Ong|tud|na|
~ GroupMame: 31 _strainrate @ 10000 d
g o lagonal
11.38 AR 10 [MULL) w g )
0.0001 v 0001 1 (NULL) perpendlcular
1 mmps
50.00
— simulation result
¢ ¢ ¢ mean value curve of tests
=J.ng.lfllfl 250 5.00 7.50 10.00 12.50
Dizplacement [mm]
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Glasfaserverstarkte Kunststoffe - 4a Software-Tools im Einsatz

hirtenberger
Hirtenberger. Ingenuity. Engineered. Automotive Safety
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Materialcharakterisierung — Probenposition & uCT-Messung

—O0— nCT Txx
—o— uCT Tyy
#CT Tzz

Zugprobe 0° Zugprobe 90°
A B
— [S— — [ 1 ‘ 1
T S - <
LT.] 7] - c
§ L 1A o L 1A e 2
- - © 057 . \ T 05 }
% PG W GCJ w. 3
o e b e : ol | £ NANPAY
0 = 0 =
0 2 4 0 2
RAE e thickness [mm] thickness [mm]
C D
1 ‘ 1 '
Biegeprobe 0° Biegeprobe 90° — -
c c
10 10 L) 2
R ) T 05 /\ 1B
! | v | C o 3 : 5 C
BN i - g g | 2
i I E . ~N j P
i | o | e © 0, 70900000 ©
N i B ! 0
5] s : ’-'f'-- -':- ----- -8 B B - 8 0 2 4
! : [ . .
o : T — thickness [mm] thickness [mm]
i l ! : ©
5 ! B i "
215 i 215 slo Morak et. al.: Faserorientierungsvorhersage mittels der
80 Spritzgusssimulation, TT16 Schladming
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Materialcharakterisierung - Zugversuche

150.00

100.00

0kD1mmps.resd

4.1 _0kDTmmps.res3{avg:7T.9%/ max:17%)

1mmps.res3

4.1 _1mmps.res2{avg:2.8% maxcd TH)

100mmps.res3 .

41 100mmos.res3iavo- 3. 7% max-2 484
00mmps.res3{avg:3.7% _<.“—3*.4

A

Stress [MPa]

50.00

‘Ad.oQ“""

.‘40"‘

¢00“¢0‘¢

i

0.00

—result of simulation

--laveraged test curves

0.00

Strain [%4]

10.00

orientation []
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thickness [mm]

0,60
0,50

10,35

0,25
0,15

Zugversuch langs
Biegeversuch langs



Materialcharakterisierung - Zugversuche

C
’
= A\

S 05/~ oof-- 54 loisg  Zugversuch quer
o resave | 4 mace 5%) S K-- -___W’_ 030 Biegeversuch quer
T a0 S Ge9eegee_| 0,25

w/ 0 ~ 0,15
— 0 2 4
s ‘,«"’ .... ‘ thickness [mm]
= o "
000 |——° Unterschiedliche Faserorientierung tUber dem
7 Querschnitt
- Schwierige Anpassung der Materialkarte
----|averaged test curves Biegung:
— fesult of simulation Eine Faserorientierung (der Randschicht) ist zu
oo svain 5 “" | berlcksichtigen
- Einfache Anpassung der Materialkarte
e B = sl s e A




Materialcharakterisierung — Biegeversuche mit VALIMAT

157.06 484.88 14593
TTST_0p01mmps rest 0_3PBEP_1580g_2p5mgs rest La=ngs rest
1.1_TTST_0p01mmps re}i(avg:29%/ max:99.9%) 1.1_0_3FBEF_1580g_2g5mes.res{avg 7 53/ max:30.2%) 1.1_Laengs.res1{avg:13.8%/ max:39.9%)
TTST_immps.rest 45_3PBEF_1580g_: mft.rest
17':§,IT:T;:W?:‘%1 =, ;;_34:5225‘ ?m.lm (8vg:37.4%/ max:101.7%)
12888 :rT-S;:JS:?‘:E;-'CE ; “« — 391823 118 f: 209 50.0%) mep107.2% 118.74
1.1,7?97:3:;& 9, cTLA00 JPEen
"’,. LA L ol X X W ,,‘."’
/—____
9424 rseessssdenas 4 288.68 * 87.58 r
z P z z
z | = 8 2
uS_ “““,,no.oo&oo...o E ug_
6282 18553 58,37
314 — 82.38 * 2919 —1
e
L
0.00 -20.77 0.00
-0.00 0.05 0.0 014 013 0.24 0.00 7.08 1418 21.28 28.37 35.47 0.00 0.05 0.10 0.15 0.20 0.25
Displacement [mm] Displacement [mm] Displacement [mm]
Zugversuch Langs (Pos. D) Biegeversuch (Pos. B) 2500 mm/s Zugversuch (Pos. D) 100
von 0.01 mm/s — 750 mm/s langs — diagonal — quer mm/s langs — diagonal — quer
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Integrative Simulation — Mapping mit fed FIBERMAP

Bauteil:
= Kunststoff-Manschette

= Material:
= PA6 GF30
= Spritzguss-Simulation
= Moldex3D
= Struktur-Simulation:
= LS-Dyna
= Solid-Elemente (Typ 10)
= 0.5 mm ElementgroRe
= *MAT_ 215 (*MAT_4A MICROMECQC)
= Mapping von
= Bindenaht
= Faserorientierung

© Copyright 4a engineering GmbH - 20.03.2018 1 N P H Y S 1 c S
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Integrative Simulation — Mapping mit FIBERMAP -\/orgehensweise

process simulation

capmvouro Moldex3D  /y  moLprLow
result

MOLDING INNOVATION

structural Sl T 7&. shell
mapping Transformation
: mapping
settings
g (KD-Tree)
material card >
deflnltlon ? al1=1 a11=0.85 al1=0.7 al1=0.5
?)
structural @!"?Eﬁ%" PS SIMULIA Template
LS-DYNA based
output . sl MSG Nastran
ANSYS ASCII output
f?::?tit?\:ga;:ﬁLﬁg:ln;;Tf;Bzzgo?isg 1aL?er_eng_TT18+SoftwareTooIs ! N = . 2 = ! = = LS = o = = = w 4 q




Integrative Simulation — Mapping mit FIBERMAP -\/orgehensweise

rg 43_fibermap ver. 3.5 alpha l;&ﬂj
= Mapping mit FIBERMAP (Workflow): c) [Ewofrodterty |

Wordlow Micromec Mapping fiber orientation Output

_g—
Direct Moldflow Interfface @ Process Result File Tab Moldflow Interface ( )

|No Process Inputile selected

Process

Arbeitsverzeichnis angeben

Spritzgusssimulations-Ergebnis angeben | | Sl o —
[ No Structural Input e splasted |
. . . I ' @ Result on Eeme@ ) Result on Node <§L>
Struktursimulations-Geometrie angeben R o

| Mo Settings selected

W

;f ] Append materialcard in final output .
= optional
N
| Mo Output Definition selected | =
| Tab Output Deﬁon

| Mo Output file selected

~
Z

Ergebnisse auf Element/Knoten schreiben \

Settings flr Mapping einstellen

QOutput Settings

Mapping-Ergebnis-Template angeben

~
)

View

Mapping-Ergebnis-Dateinamen angeben 4

About [E Manual 'uRﬂ.l'eoarﬁ ira;i Gy a;” |

I . ENGINEERING I

Mapping starten | |

GOOOOHEOHE®O
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Integrative Simulation — Mapping mit FIBERMAP -\/orgehensweise

= Mapping mit FIBERMAP (Workflow):

GOOOOHEOHE®O

Arbeitsverzeichnis angeben
Spritzgusssimulations-Ergebnis angeben
Struktursimulations-Geometrie angeben
Ergebnisse auf Element/Knoten schreiben
Settings flr Mapping einstellen
Mapping-Ergebnis-Template angeben
Mapping-Ergebnis-Dateinamen angeben

Mapping starten

© Copyright 4a engineering GmbH - 20.03.2018
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-
S 4a_fibermap ver. 3.5 alpha

)

|P:‘L4a_sia_VMAP\D—SimuIationH 8022001_afer_TT18\

Wordlow | Micromec Mapping fiber orientation | Output

|| E'Wor(ngdlect}y |
\_/

Process Input

Direct Moldflow Interface @ Process Result File

Tab Maldflow Interface

i |P:\-ia_sia_\u’MAP\D-SimuIaﬂon\1E»DZ‘ZDIH_afer_'l_l"lE\Weld_lines_l{unststoﬁmanscheﬂe.process

~
(=)

Structural Input

| | P:\-ia_sia_VMAP\D-SW1E»DZ‘Z!]H_afer_TI"I BLSDYMNA_Kunststoffmanschette key

@ Result on Bleme 4 ) Result on Node

Mapping Settings

—~
O,

| P da_sia_VMAP\D-Simulation® 18022001 _afer_TT18'\map Settings mapopt

e
>

| Check reference systems |

=
ar
N—

7 ] Append materialcard in final output .
= optional

Qutput Settings

| P da_sia_VMAP\D-Simulation®\ 18022001 _afer_TT18%weldline def

| Tab Output

[
=}
3

| Pda_sia_VMAP\D-Simulation® 18022001 _afer_TT18"Weldine_resutt k

View

7=
(&

dq e || Eovo Qap '

I . ENGINEERING

| Finished process




Integrative Simulation — Mapping mit FIBERMARP - Bindenaht

= Ergebnis:
= Elemente mit Bindenaht - Part_ID 2 (blau)
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Integrative Simulation — Mapping mit FIBERMAP - Faserorientierung

= Analoge Vorgehensweise flr die Faserorientierung

= Unterschiede:
= Anderes Spritzgusssimulations-Ergebnis
= Anderes Mapping-Ergebnis-Template

= Ergebnis: =

Vgl
Visualisierung
Moldex3D
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Integrative Simulation — Mapping mit FIBERMAP - [eatures

Spritzguss-Simulation:
- caomoutn Moldex3D  mMoLDFLow

= 2D, 2.5D, 3D

=  Struktursimulation:

I%B§I saqware 7) Virtual
Technology Corp. ‘ S’ L ’n Egl:fﬂl-([r!l'lance

= Schale, Solid

= Ergebnisse:
= Faserorientierung , Bindenaht, Druck, Temperatur, ...

= Ausgabe:
= Uber Vorlagen (Templates)
= ,Was auch immer der User mochte*
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