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Motivation
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Isotropic
*MAT 24

Questions

How good are current material models ?

broader range of materials

material characterization
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typical material behavior — SFRT / LFRT

O impPETUS
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typical material models in LS-DYNA

drientation

Ol —>drientation dependent
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Case study - sleeve

isotropic test local anisotropy
*MAT 24

*MAT 157/215

o

hirtenberger
. . . L . . . . Automotive Safety
See more: R. Steinberger, et.al. Hirtenberger Automotive Group — Considering the Local Anisotropy of Short Fiber Reinforced Plastics, European Dynaforum 2017
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Material characterization for different materials m IMPETUS
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PA6 GF30 | — material characterization for *MAT_215 VALIMAT

15t step: set up the composite 2"d step: matrix hardening 3'dstep: validation
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PAG6 GF30 | — validation different moisture contents VALIMAT
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Case study - sleeve

Validation component test

m=7.15 kg, v;,,=3.1 m/s

Y

0 1 2 3 4 5
displacement [mm]

Typical element size : 0.25 mm
Element type : Tetrahedron Type 10 — material cards based on mapped FOT
Number of elements : 469470 —— test curves
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Questions

= Improvement of failure models ?
= stress/strain / energy

= fiber / matrix / composite



additional investigations

fiber length measurement

fiber orientation measurement uCT

static and dynamic tensile tests

3D DIC

= Bending tests

= Puncture test (Master Thesis Christine Jantos)
R TR mjm

13 © Copyright 4a engineering GmbH - 28.09.2020
P. Reithofer, pres_20092801_sia_FAILURE

10%

dies in %
=]
o

&
o

Velume Mean Frequen

2%

0%

volume Frequencies of Fiber Length

T ALARABLHEA BB AA AL L L AL ABRERDTEAL AL NR S DY

Fiber Length Classes in pm

150.00

120.00

224

30°

90.00
©
o
=
2 90°
o
n
€0.00
20.00
0.00
0.00 0.64 1.2 192 258 3.20
Strain [%]
N P H Y s 1 = S E T R u S T



IMPETUS® - 3D DIC Setup

= 3PB Test setup
= 2 X Photron FASTCAM NOVA S9
= Camera 1 from above tilt angle 20°
= Camera 2 from below tilt angle -5°
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IMPETUS® - 3D DIC Setup

= DIC settings
= Resolution of 384x256 px
= Recorded frame rate of 15.000 fps
= Strain measuring with a Full-Field Area
= True Strain Elmaximum
= Template Size of 24 x 24 px

I - J

Source: P Reithofer, failure criteria SFRT and LFRT
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16

first results
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micro mechanical motivated failure

fallure criteria

Stress based Strain based

MEAN FIELD APPROACH
rincipal _ _ — damage
P P C F M

o =Q0 -I-(l—(D)O'

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

assumption elliptical inclusion
(Eshelby Tensor)

FAILF: Fiber failure FAITLM: Matrix failure — ductile DIEM-Model

Damage Initiation Damage Evolution
& u

17 © Copyright 4a engineering GmbH - 28.09.2020 1 N P H Y S 1 c S W E T R u (=3 T
P. Reithofer, pres_20092801_sia_FAILURE



iIncremental damage formulation

fallure criteria

—stress undamaged
stress damaged (linear)

—stress damaged (exponential)

stress

&c gfail

equivalent plastic strain
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strain based

|
—=initiation

—damage (exponential)

damage

damage

damage (linear)

equivalent plastic strain



micro mechanical motivated failure

CARD 1l: General Options / Parameter

Card 1 1 2 3 4 5 6 7 8
Variable MID MMOPT BUPD FAILM FAILF NUMINT
Type A8 F F F F F
Default none 0.0 0.01 0.0 0.0 1.0

History#4 (step8: 0-0.81):
dm - matrix damage init.

© Copyright 4a engineering GmbH - 12.06.2018

P. Reithofer, pres_18061201_pr_eng_INTLSDYNA+P223+MAT215

History#6 (step8: 0-0.13):
Fiber damage init.
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Simple mind model = 1- Element tension test different directions
no — failure model used

stress [MPa]
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P. Reithofer, A. Fertschej, K. Girz, rep_18032001_pr_afer_sia_GB477HP+H702

*MAT 215
matrix - PP simplfied
Ey = 1000 MPa,
Yy 0 =15 MPa,
Eyr =100 MPa,
fiber - glass

[
Q= 13%,3 = 25,

0.70 -
aij = — 0.25

0.0 ]
0.05




Simple mind model = 1- Element tension test different directions
0,3% pl. failure strain

stress [MPa]
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*MAT 215
matrix - PP simplfied
Ey = 1000 MPa,
Yy 0 =15 MPa,
Eyr =100 MPa,
fiber - glass

[
QY = 13%,5 = 25,

0.70 -
aij = — 0.25

0.0 ]
0.05




Simple mind model = 1- Element tension test different directions
2% pl. matrix failure strain

stress [MPa]
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*MAT 215
matrix - PP simplfied
Ey = 1000 MPa,
Yy 0 =15 MPa,
Eyr =100 MPa,
fiber - glass

[
QY = 13%,5 = 25,
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aij = — 0.25
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Simple mind model = 1- Element tension test different directions
4% pl. matrix failure strain

stress [MPa]
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*MAT 215
matrix - PP simplfied
Ey = 1000 MPa,
Yy 0 =15 MPa,
Eyr =100 MPa,
fiber - glass

[
QY = 13%,5 = 25,

0.70 -
aij = — 0.25
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Simple mind model = 1- Element tension test different directions
6% pl. matrix failure strain
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*MAT 215
matrix - PP simplfied
Ey = 1000 MPa,
Yy 0 =15 MPa,
Eyr =100 MPa,
fiber - glass

[
QY = 13%,5 = 25,

0.70 -
aij = — 0.25
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Simple mind model = 1- Element tension test different directions
6% pl. matrix failure strain + fiber failure (XT = 450 MPa)
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o *MAT 215
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Simple mind model = 1- Element tension test different directions

active failure flags
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*MAT 215
matrix - PP simplfied
Ey = 1000 MPa,
Yy 0 =15 MPa,
Eyr =100 MPa,
fiber - glass

[
Q= 13%,3 = 25,

0.70 -
ajj = - 0.25
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3point bending different directions matrix - PP simplfied

% pl. matrix failure strain Ey = 1000 MPa,
2% p atrix fallure stra e Mpe

100.00 EM,T = 100 MPa,
fiber - glass

[
Q= 13%,a = 25,

070 - -
/ aij:[ - 0® 00605]

20.00

S0.00

Force [M]

00

¢ AL T T
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3point bending different directions matrix - PP simplfied

% pl. matrix failure strain Ey = 1000 MPa,
2% p atrix fallure stra s Mpe

100.00 EM,T = 100 MPa,
fiber - glass

[
QY = 13%,3 = 25,
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3point bending different directions matrix - PP simplfied

% pl. matrix failure strain Ey = 1000 MPa,
2% p atrix fallure stra e Mpe

100.00 EM,T = 100 MPCl,

fiber - glass
[
Q= 13%,a = 25,
| 060 —  —
| — —  0.05.
0.15 — — ]
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3point bending different directions

5% pl. matrix failure strain + fiber failure (XT = 450 MPa)

100.00

20.00
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YM,O = 15 MPa,

Eyr =100 MPa,
fiber - glass

[
Q= 13%,a = 25,

0.70 —
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025 -
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070 —
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L

matrix - PP simplfied
Ey = 1000 MPa,
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3point bending different directions

5% pl. matrix failure strain + fiber failure (XT = 450 MPa)
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Summary & Outlook

= advantages micro mechanical approach
= model understands - fiber orientation, aspect ratio
= simulation process chain considering local anisotropy
process = structural
= Validation results (coupon and component level)
= Good correlation in deformation behavior
= promising results in capturing failure
-> improvement post failure especially shells
= Qutlook
= failure/damage - further research
= DIC measurement — biaxial behavior
= Usage for endless fiber reinforced materials
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Area: Strain E1 [%]
1.563 5.688 9.814

global min ™ " global max
o] , -0,500 3.625  7.75% avic

See more: Master Thesis, Christine Jantos - THM



