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How does it work
Material characterization / reverse engineering
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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
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How does it work | -

GmbH

» The tests and simulations models are stored in a data base - easy access and user friendly

B - 'j B Tes! | Tes! database Measurement | Repon Messuremenl curves | Viewer | s(t) [ wit) | ailth [ F(l) | Fis) |EQY | sigieps) | epspnifeps)
Ery - 14 Dste_Ne -
Qﬁi |P4\| :‘:[ ] Lt ] 4080
Test delz B General information - Externe Daven
Herwr @ Test selup Exteme Dalen P o
E Conr @ Test specimen T T
Test plan 8 Evaluation L4 284 ~ —=
DB Import Filtar 0 no filtar
Teating I Evaluation of the velocity 3 - Disptacemaent (static gradient 3 :
B Zero-point evaluation 0 - Manual (point in time) 2448
St B Identification of failure 1 - automatic %‘ /
B Stress evaluation - E
Report N .- -]
. penging Nom (elastic) 7 5 /
‘1 Measuremen curve 0 Stiffness evaluation ) B 7
Evaluation of the test fperc_lo 0.1 __* /
Evaluate: fperc_up 05 — I
Load Plots Test setup - —
Unload Plots - L T
Be=== 4a impetus - complete system
L= """ | -
Paramwter model
prey 15640 2120 8000
E [==T<] mew [ edit Save |
G 3 Farameter moder | Model database f r O I I l t h e teSt to t h e
Optmization Date_Nr_Hame
View ] 21004_011] [ Material | Design v . .
s [—— validated material card
| [ Matenisl Bl
. System of units t-mm-sec-MPa BEP_4884_2 Smos G
Saolver LS DYNA =
faimpetus Implemented
Oein drectory Symmetry of mocel Halfmode of more complex s
I Help type Shell Z
Fal Rlout Element siza 2 g
Guit @ Additional seltings -
B Malerial behaviour
Material source Implemented
Material card TO11_MAT24_Pilasticity Table Rat
B Loadcases 8.16
B Casename IPEST_488g_0mps_lwadmm
Averaging
 EnaINEERmE ™ a5 5,08 1162 18.18 nm
[=T=<] new | € | save [ concel | =] = |[Remark Displacement [mm)]
et oot o 1 RO P
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> We have already tested a wide range of |/~ TN H\\ 2 N[ from:

—Fretarmoi— b, — (or-air}- 4a Quartet card
i . . Syl Buwdien  Acrylnil ame “ Iastics”
> thermoplastics (ASA, ABS+PA; ABS+PC; |88 . ... N ame P
(amorpher Thermoplast/Vinylpolymere) (Nitrilkautschuk)

Spannung [MPa]

G-Modul [MPa]

PA6; PA6(6) GF30.50; PA66+P6; PBT |||, -| ~ |
GF30; PC; PE; PP; PP+ varnish; PP rubber [ -/ [IIl}F - —

120 80 40 O 40 80 120 180

modified; PP GF20..40; PP Impact modified; .

P: 29€/kg E: 2400 MPa P: 3.2€/kg E: 2MPa

p: Llgfem? o 44 MPa p: 1g/em? o 5MPa

PP MX10; PP MX20; PP MX40; PP CF; ||| « swem s mx m BSI0EYN o s52%
PP+EPDM; MuCell-materials, ...) \\ S \K : //
\

)
> foams (EPP30..80; PURG 55, PURG 65) |/ = & Nl

from:
EP-Harz (3500 mpa) : g Aluminium 4a Quartet card
S-Glasfaser ol "\ (Vergleichswerte) : ame “Com Osltesu
> rubbers (EPDM, SILIKON) ogews  ©| | g P

5 . 7 E-Modul [MPa) T 4@
» thermoset materials (CFK, GFK with |[|zr @

epoxy resin) i Voo

1 //micromec.4a.co.at 1 http://Mmictomecasto at 2
% 1 P: 15€/kg E,: 23300 MPa P: 4€/kg E,: 71000 MPa
» metals (aluminium, DCO04, high strength : :
p: 1.74g/cm? E,: 23300 MPa p: 2.7g/em? E,: 71000 MPa
a;: 14.6:10°1/K G,,: 3000 MPa a;: 23.810°1/K Gy, 26500 MPa

steels (current tests))

& 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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Test methods — i -

» 4daimpetus is a pendulum test device to characterize

materials by 3-point-bending, compression and

puncture tests

,—Lr.—*—...-*f..

» Capturing different strain rates and the strain rate dependency

» changing the pendulum speed (up to 4.4 m/s as single pendulum)

» changing the support distance
velocity [mm/s] support distance [mm] |strain rate [1/s] | | -
0.1 40 0.002 ] /
1 40 0.02 / /‘—’—'—*—a\
1000 40 1 —
4000 30 30 /  a ———
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Test methods

» Capturing compression/tension behavior | 5
=
> t I-static t il PR R — b= L = X 1.25
import quasi-static tensile M= ol tension dominated
(and shear and compression) test LN aa \
8 066 -0.33 o 033 0.66 — \
> clamped bending test {:} Ei]triax;ﬁj[_] [I] - B

: : : 1 = i7g
» Capturing loading / unloading - damage o £ {9 = e
> 3-point-bending test o

x&f Eivat

0 1 2 3 4 5 6 7

» Multiple loading clamped bending test dsplacement [mn)

)

®
©

[2]

56.36 300,00

090204 _01 $iforce versus displacements
090204 _01 iforce versusdi Ements
090204, 0TS _-“.": 21y o g

o

090202_027 force versus displacement!
090202_028/force versus dispjacement!
e 080202_029force versus displacementd
oy i 090202_030farce versus displacement!
090202_031 force versus displacement!
090202_032fforce versus dispjacement!

45.07

thetls
¥ 4_02Bforce versus displacement! 200.00
190204 _024orce versus displacement’
gr/ 090410 021 force versus displacement/

33.79 /f/ 080410_02Fiforce versus displacements
R e
2250 f //\:____um e 10000
11.22 % D
e

000 .
0.00 500 1000 15.00

0.00 343 685 1026 1370 displacement [mm]

force [N]
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» Capturing failure

» Clamped bending test = uniaxial behavior

force [N]
W

» Puncture test = biaxial behavior

ot
el
el

A ey

2 ~__displacement [mm
———————— —

4 m/s

x\/\

force [N]

> Capturing component test

» T-specimen - idealization

___displacement [mm]

1200 -+

1000

w0 d"gﬂ"i

—— T ——

—<T-Probe 3000 mm/s

force [N]
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Import test results from different sources B =NGINEERING
DDDDDD guasi-static
0.5m/s
(\\ 3m/s .
: 6 m/s :
eeeeeeeeeeee [mm] e e [3]
measured force/displacement curves on import evaluation of stress/strain curves

tensile testing machine
Using the 4a impetus software the user can

» |Import additionally any other tests (e.g. quasi-static bending, tensile or
compression test, any supplier) into the test data base (e.g.

force/displacement curves),

» Evaluate all the tests (also the imported ones) and use these
data only or additional for generating the material card

or calculate the test curves using the material card (validation).
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Simulation - Idealization

Material

» Can be used local or in network cluster 5 lgealization

System of units t-mm-sec-MPa

: N s oA -l
» Supports LS-Dyna, Abaqus, PAM-Crash, Radioss ngulock petus ()
Symmetry of model MMet{LS-OPT v4.1) (3)
o . . . . . ealization
» Allows the idealization in shell or solid using the e e PAM CRASH
= Additional settings ABAQUS
. riction coefficien RADIOSS
most popular element types and an arbitrary element T e ;
Young's Modulus of support / f 210000
size (of course it should be reasonable) ﬁj:jg;;jg“pp"””"” =

Solver

» Can consider symmetries — simplification down to 1-element | sekeetinorrEsover

IRl =
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Avallable test methods - Interfaces in 4a impetus V3.2

- ABAQUS LS-DYNA PAMCRASH RADIOSS

Z1C]

. ENGINEERING

implicit / explicit implicit / explicit explicit
implicit / explicit implicit / explicit explicit
implemented
implicit / explicit implicit / explicit tested
implicit / explicit implicit / explicit explicit explicit
implicit / explicit implicit / explicit explicit explicit
implicit / explicit implicit / explicit explicit explicit
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Generating material cards — different approaches B =NGINEsRING

*MAT 24  *MAT 187  *MAT 24  *MAT 124 @ *MAT 187

tensile test ) .
static and static and . .
. , Static tests static tests
dynamic tests dynamic tests
compression
static tests

11

shear
static tests

biaxial tension
puncture test static tests

3-point-bendin
P g static and static and static and
* dynamic tests dynamic tests dynamic tests
clamped 3- p0|nt-

pending H static tests static tests
gsggilr?,%usmg { Also possible with 4a
Impetus software
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Generating material cards — influence of triaxiality B =veiNEsRiNG

‘ da impetus

30 7 1 ;
— [I
© /
o
= /
% / \
Qo / \
= 20
o [/ /
E oooooooooooooooooooooo I,. oooooo
s /
> / -
z / =

10 N N\ N

-0.66 0.33 0 0.33 0.66
@
= Je M <« P>
—
triaxiality [-]
Classic
approach
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Generating material cards - LS-Dyna material models

> MAT_19: *MAT_STRAIN_RATE_DEPENDENT_PLASTICITY
MAT_24: *MAT_PIECEWISE_LINEAR_PLASTICITY
MAT_124: *MAT_PLASTICITY_COMPRESSION_TENSION
MAT_187: *MAT SAMP-1

vV V VY

E Material behaviour

=

Material behaviour

E| Material source

Density
Puoisson's ratio
Failure strain
Elasticity
B Flasticity
Curve 1
Strain rate dependency
Strain range upto
Sampling points
Bias factor

Material card

Implemented
-1020.83

0.3

]

Linear elastic
vonMises

4a Model A
Table

0.25

50

10
7011_MAT24_Plasticity Table Rate log. Table

=

Material source
Density
Poisson's ratio
Failure strain
Elasticity

B Flasticity

Curve 1
Curve 2

Strain rate dependency
Strain range upto
Sampling points
Bias factor

Material card

Implemented
-1020.83

0.3

o

Linear elastic
Drucker-FPrager
4a Model A
Kurve 1 skaliert
Table

0.25

50

10
T021_MAT124

Z1C]

. ENGINEERING
GmbH

von Mises

von Mises

Drucker Prager

general yield surface

Bl

Material behaviour

=

Material source
Density
Poisson's ratio
Failure strain
Elasticity

B Plasticity

Curve 1

Curve 2

Strain rate dependency
Strain range upto
Sampling points
Bias factor

Material card

Curve 3 Kurve 1 skaliert

Implemented

-1020.83

0.3

0

Linear elastic

general yield surface (3 curves)
4a Model A

Kurve 1 skaliert

Table
0.25
50

10
TO031_MAT187

» All LS-DYNA material cards are available using user defined interfaces!

» Same possibilities for the other solvers (e.g. Abaqus, PamCrash,...)
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»LS-Dyna: *MAT24 (von Mises)

) ) -—--lw50mm /1 m/s
»No tension/compression asymmetry - lw 40 mm/2.5m/s
: : --Iw 30 mm /4.0 m/s
- good conformity for bending
-> poor conformity for tension
‘-—_\
0.00 .00 Displac‘lenr.r?zm[mm] 15.00 20,00
| - -

0.00 5.00 10.00 15.00 20.00
Displacement [mm]
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Generating material cards B =NGINEERING
»LS-Dyna: *MAT187 (general yield

3PBEF_488g 1 w50 ez J——
f fl_EIEEIEn;ii_E;;_Tn:r slj.'-'E:lmm.'eﬂ:5\-'-;:22‘6.-'msx:?.E?ﬁ} IW 50 mm / 1 m/S
3PBEF_488g_ 2.5 lued) res
sur ace) ?.1_;]5;5{?53;_2.;:p:jwetnmm.rem{s»-g:e..m.-'msx 5.5%) -—-lw 40 mm/2.5m/s
3PBEF_488g_ 4mps_|lw30mm).res1 o I 30 / 4 O /
. . 1.1_3PBEP_498g_4njps_Iw30mm.resi(avg:4.6%/ max:13.5%) W mm umi/s
» Tension/compression asymmetry
—> good conformity for all load cases
{0.00 \
1500.00 = ;
ZOYN_MITTEL rest ° :
1.1_Z0YN_MITTEL.resfl{avg:3.3%/ max:18.5%) g :
- *
*
1250.00 20,00
*
*
* *
] +*
*
1000.00 +* Py
10,00
z
8 7s0.00
S
0.00
0.00 .00 10,00 15.00 20,00
b displacement [mm]
£00.00 .
>
)
;
2
250.00
0.00
0.00 5.00 10.00 15.00 20.00
displacement [mm]
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Generating material cards B ENGINEERING
50 -

== material card — 4a impetus

««<>+ material card — 4a adaption tension
FAT — true stress from tensile test
compression test FAT/DKI

- shear test DKI

40

n > o

30

20

10

stress [MPa] at 10% strain

Yy

~1
(149 B |

0 eeesars

0.0001 0.01 1 100
strain rate [s7] [1]
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Adaption of material cards - solver transfer
» Material cards can easily be transferred from one solver to another. g ueaiaten

Material

System of units t-mm-sec-MPa

> Example: 3-point-bending; von Mises e =
Solver LS-Dyna *MAT24 - Solver Abaqus *ELASTIC *PLASTIC; | wawmeotye
> By One-Mouse-Click the differences could be researched: the e wcan[ooss
results are very similar, differences occur mainly in the test velocity | s teuns sapaioe
4 mls (green curves). s :
Hostacom . / / \ﬁ
Dark color: LS-Dyna, Shell type 16 o~ \\
Light color: Abaqus, Shell S4 \h
1 m/s, Iw=50 mm
2.5 m/s, lw=40 mm .'_L'.

0.00

4 m/s’ IW:BO mm 0.00 500 10.00 15.00 20.00

Displacement [mm]
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Adaption of material cards - solver transfer B ENGINEERING

» Another example: 3-point-bending; general yield surface
Solver LS-Dyna *MAT_SAMP-1 - Solver Abaqus ABQ MOLDED PLASTIC,;

[4] i [5] b I
e rhefac=1 L
0 1 o3 5
@ & A rbefac=1 n=5 20 :
1 "~ 3
linear Gt { T~ rhefacet 150
extrapolation | tbofac=0.5 |
(lower bound)
p
9 von Mises stress bt biaxial tension 501 /
p pressure t tension v
¥ required input data s shear roctac —de= B,
. optional input data c compression Ge L p [MPa]
A extrapolated data bc biaxial compres- -100 -50 50 100 150

» The results are very similar, differences occur mainly in the test velocity 4 m/s.

Hostacom

Dark color: LS-Dyna, Shell type 16
Light color: Abaqus, Shell S4

1 m/s, lw=50 mm

2.5 m/s, lw=40 mm

4 m/s, Iw=30 mm

Seite: 20 /31
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Adaption of material cards - influences in the simulation
» The user must have knowledge of the simulation and the influence of

different settings (e.g. settings in the control cards of the input decks)
» 4a impetus assists the user in his knowledge

» Example: 3-point-bending; von Mises
Abaqus Shell S4 Simpson (default) vs. Gauss section integration rule

» The section integration has influence onto the result.

P

/

Hostacom; 4 m/s, lw=30 mm /
LS-Dyna, Shell type 16 /
Abaqus, Shell S4, Simpson 'l_Ll'

Abaqus, Shell S4, Gauss Dispiacement i
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Adaption of material cards - influences in the simulation ENGINEERING

» Example: clamped 3-point-bending; von Mises
Solver LS-Dyna; *MAT24;
Flag ISTUPD in control card *CONTROL_ SHELL,;

» In the area where the tensile yielding is dominating shell thickness will
change based on isochoric behavior, if the option ISTUPD=1 (blue curve).
Is activated. Compared to ISTUPD=0 (red curve) this gives a lower force.

1250.00

////’

S —

[

Hostacom, 4 m/s, lw=50mm: |=
ISTUPD=0 /
ISTUPD=1

DDDDDDD
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Adaption of material cards - influences of orientation B EnNGINEERING

» E.g. sample preparation for different orientation

short fiber reinforced thermoplastic [6] Composite — “Organoblech” [7]

60 2% 0
PL-O0
PL-45 .
Ir|||e':|en Uo'w b —
pasition > PLO* UD.0" l:_/'
ng Lyl
:vegn;“ng Reg‘,uon FErgIng Region
fhow-fild Mw (0] unidiractional

ek testing sompenent

066 o ‘ 087 o o
af 0O 032 o0 % o o011 O

o 0,02 o (o] 002

125.00

OO

q
D a5° 45°
q

/] 90°

“force [N]
force [N]

R R N

P

displacement [mm]

displacement [mm]
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Adaption of material cards - influences of orientation B ENGINEERING

» The influence of the manufacturing process on the material behavior

(fiber orientation) is in the process chain included.

—— e e e e e

AR A

-
7

/ e FE-Model of the test

Element orientation e.g.
*ELEMENT_SHELL BETA

k 4 4a impetus

\ :
1
1
1
1 ,
1 \
I o
1 3 1
1

/ N

Paramete rized Mate ria|card 1 © by 4a engineering GmbH - intelligent testing systems

I Y
1 A
1
1
1
1
1
1
1
1
1
1
1

basedon4a micromec_}
Material angle ~— 5 ¢ SN

N

[ LS PREPOSTO ]

DATABASE
measurement, models

ORIENTATION
e.g. 0°, 45°, 90°
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Considering failure

» Failure depends in principle on triaxiality and strain rate.

» Additional imperfections in the test specimens are important

(- scatter range, image: 3-point-bending at 4 m/s, PP T20).

FPT20 21 3PE EF 453g v4000mmis lwalmfn (140212_054)
FPT20 22 2PE EF 453g v4000mmis lwalmfn (140219_D55)
FPT20 23 3PE EF 453g v4000mm/s lwalmfn (140219_D58)
FPT20 28 3PE EP 4535 v4000mmis lwalmfn {140219_078)
FPT20 28 3PE EF 453g v4000mmJs [waOmfn {140219_080)
£0.00 Pl

Farce [N]

20.00

0.00

0.00 2.00 8.00 8.00 12.00 15.00
Displacement [mm]
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. ENGINEERING

Considering failure - demands for 4a impetus

» Test methods 8 Evaluation
Filter 0 no filter
»Handling of different test methods (triaxiality) Evaluation of the velocity 3 - Displacement (static gradient at the beginning)
Zero-point evaluation 7 - Extrapolation force-displacement gradient

»Implementing of additional information Eua| (point in time)
tend 1.8

in the data base (e.g. orientation,...)

| tfail 178 |
» Preparation of the test data B ®
» Filtering
»Occurrence/time for failure begin and complete failure
> Generating models / reverse engineering | tfail |
-

»Using of different idealizations (element type, meshsize...)
»Implementing complex models

1 force [N]
8 8
'——_.__

»user defined material model { \ IE‘E:
> displacement [mm) '

>

» Simulation considering element deletion already implemented
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Available models for failure resp. damage in LS-DYNA B =NGINEsRING

» plastic effective strain
e.g. MAT_24: *MAT_PIECEWISE_LINEAR _PLASTICITY

» plastic effective strain considering damage
e.g. MAT_81: *MAT_PLASTICITY_WITH_DAMAGE

» strain rate dependent equivalent criterion
e.g. MAT_19: *MAT_STRAIN_RATE_DEPENDENT_ PLASTICITY
oder MAT_124: *MAT_PLASTICITY_COMPRESSION_TENSION

» equivalent criterion in dependence of triaxiality, ...
e.g. MAT 187: *MAT SAMP-1

As alternative the additional option *MAT ADD EROSION in
combination with a material card offers many capabilities for damage and
failure modeling.
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Considering failure - 1-element tests B =NGINEERING
V2 plastic strain V4 damage
*MAT_ADD_EROSION
/\ ‘/_/_.—"_l - /\ ‘/_—"_./\
— -—-_"___-_—— - .._-—-'—"-'-—-—

Sp
Sp
e,

V5 strain rate

V3 plastic strain

*MAT_ADD EROSION -- *MAT_ADD EROSION
I~ e
B e -________,__.--'—-"— - ____________--

Sp
Sp
-
—-_#
‘.—ﬂ

nnnnnnn [% Dehnung [%

Stress-strain-curves considering various failure models
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. ENGINEERING

»The functionality of 4a impetus was shown which fulfills for the most part

the industry requirements.

»3-point bending, clamped bending and puncture tests can be performed
using 4a impetus. In addition other tests (e.g. quasi-static bending tests or
tensile, compression or shear tests) can easily be imported.

»Using these tests simple or complex material cards can be generated very
quickly. Popular material models are included in the software directly but all
other material models are available by user defined interfaces.

» Different solvers and idealizations are set with just some mouse-clicks.

»First possibilities to model failure are already implemented in 4a impetus.
Further upgrades, especially a better integration of failure and damage
models, are planned.

»Enhancements in this topic will be affected by the variety of customer
requests.
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