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Strain measurement

® Classical scheme of characterizing the yield behavior of a material
Tensile test delivers engineering stress vs. strain curve for a specific reference length.

Identification of material parameters via reverse engineering strategy, with which the test
Is simulated and the resulting stress strain curves were compared to the testing results.

®* Drawbacks:

The area with the highest strains, the
localization area, is not considered
explicitly.
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Strain localization in DIC

® Traditional method for the evaluation of tensile tests
Engineering stress-strain curve with a predefined reference length (here: I, =9 mm)
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Strain localization in DIC

® Traditional method for the evaluation of tensile tests
Engineering stress-strain curve for different reference lengths

engineering stress
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engineering strain

= Infinite number of possible

strain fields for a single

stress-strain yield curve!
= Hence, the strain field may
not be captured correctly.
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Concept

Experiment | Optimization | Simulation |

Input from Input from
experiment simulation

o ) o5

Force vs. strain
* Force Force vs. strain

« Strain field

Objective:
identical strain fields in time

&
e

Measured strain field Simulated strain field
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Strain calculation in ARAMIS
* ARAMIS v6

Schematic representation

: N Center of a facet

Facet

Reference length of
Visualization in ARAMIS the strain calculation
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Strain calculation in ARAMIS

* ARAMIS v6

__
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Schematic representation X-strain
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Strain calculation in ARAMIS
* ARAMIS v6 vs ARAMIS Professional

ARAMIS v6

Distance

The reference length [,
IS twice the facet point distance

ARAMIS Professional

Distance

points

between facet

The reference length [, in any direction is
determined by the mean length of the hexagon.

(0.75*double_facet_point_distance )
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Strain calculation in ARAMIS

* ARAMIS output — force vs. true strain ] . . .
0.001 0.8 | [True strain]
0.000 0.75f
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; 0.000 0.65f
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Evaluation area v 0.1 -
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Implementation of FFC with LS-OPT
®* New interface in LS-OPT

File MultiHistories x
Defined file multihistories
1. Define multi-histories | | wams rece xstsin s x| Armis-ForceX.stain-00 N
. +03
Aramis _Force_X_Strain_45 x fI| (») gom/ARAMIS
() GENEX |
Aramis _Force_Y_Strain_00 =8 2E+03+
(_) File
2 Insert Ioad Sta es AramisForce_Y-strain 45 * Filename Template (wildcard) 1.75E+03—
. g CramaerE e S =Y * | Jhome/christian.ilg/FFC/001_CR210IF/XML. | Browse =
Add new '
X-Component
= 1.25E+03+
SurfComp_00_8x5_Region.epsX - [a]
. agw — £
©
3. Definition of axes v-Component S 1E+03
Kraft.DIM - 750
500
250
-0
-0 0.5
(¥ Show plot SurfComp_00_8x5_Region.epsX

IOwvna

MIORE



Implementation of FFC with LS-OPT

Y N 1 t f 1 L S O PT Edit multipoint history x
ew Interrace in -
Name
Sim_X_Strain
Allgnl | Ient Of S” I Iulatlon Ez=iiam ARAMIS multihistory Align test and simulation geometry [Nl | Cp=nlinlLsPe
and experlment (o) ARAMIS Aramis_Force_X_Strain_{ 00_XY -
() Coordinate File
Alignment
Defined transformations I":"I eI =S
Transformation Name () L_surf_effective_strain
00_XY () U_surf_max_princ_strain
45.XY () U_surf_2nd_princ_strain
Test Simulation
90_XY () U_surf_min_princ_strain
Add new Coordinates ¥ | Node ID '.___.' U_surf_effective_strain
Test x coord Testy coord Test z coord Mode ID () M_surf_max_princ_strain
() M_surf_2nd_princ_strain
278231 -2.05168 -0.009712 550 _ . . )
() M_surf_min_princ_strain
2.79901 -1.56433 -0.00702 535 () M_surf_effective_strain
3.32121 -2.07394 -0.010963 90
Add
Scale factor | 1.0 (default)
OK
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Implementation of FFC with LS-OPT

®* New interface in LS-OPT Ft muldpeint hstery §
Name
Sim_X_Strain
Allgnment Of SI mulatlon Lsesliar ARAMIS multihistory Align test and simulation geometry New alignment | | open in LsPR
1 -@-ARAMIS Aramis_Force_X_Strain_( = 00_XY -
and experl ment () Coordinate File
F'_ar‘ts to be included] pagylts Type Component
y ege . . (e) All Parts () Ndv () L_surf_plastic_strain () U_surf_xy_strain () L_surf_min_princ_strain
POSSI bl I Ity to Vlsual Ize the iz 3if perids: '.:.' le:ess ‘.:' IL_J_sur:f_F:)Llastic_strain '.:.' B_su:_v\‘z’_sﬂn '.:.' t_su:_effec:ive_s@n
alignment in LS-PrePost
Selection of the variables
from the simulation \
to be compared
Choose mapping method
between test and simulation
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Application

® Validation of the anisotropic MAT 036 constitutive model

Assumptions in the simulation model of the validation:
Anisotropic constitutive model: *MAT_036 (*MAT_3-PARAMETER_BARLAT)
Yield locus parameters assumed constant (not optimized at present)
Two parameters for the yield curve extrapolation
Damage and failure are not considered

®* FFC based on experimental data: sheet metal CR210IF, PC/ABS
Assumptions in the simulation model of CR210IF:
The same as for the validation
Assumptions in the simulation model of PC/ABS:

Isotropic constitutive model: *MAT_024 (*MAT_PIECEWISE_LINEAR_PLASTICITY)
Six parameters for the yield curve
Damage and failure are not considered
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Yield curve generation — Metal

. . . Jya Ueng
® Parametrization of the yield curve A Vield curve
. . . . oy (ept)
Direct calculation of the yield curve until A, %1 C, N
Oy = Oeng(l+ Eeng) l Eng. stress-strain
g
Epl = In(1 + Eeng) - gg Oeng (Eeng)

Extrapolation from A, with Hockett-Sherby

calculation | : extrapolation
oy(ep) = A — Bel¢en) A A -
. Epls e
C1-continuity at A, 9 pls Zeng
» Reduction of the function by two Remaining variables ¢ and n are
variables chosen as optimization variables
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Validation of method for MAT_BARLAT

® Purely virtual: Target strain field generated from simulation.
® Optimization strategy: Feed-forward neural network (FFNN)

00° 45°
S " 3E+03]
3E+03+
:‘ | \ M Al (e |
E+03- "j‘ﬂ” il | | \ 2564034 A | 2.5E+03 4 | (
Iy AL I/ 1l i s"f |
i AN i Tk
| e ‘ R\ ! I8 I I
2603 1H NN | UL
i T AR\ 2esos 1 | [
— | \ \ \ — |o . — |s
Z | | AN =18 | Z |2
O |5 O |g O |i
S 2 — 2 = %
o o | o |&
LL 1E+03+ LL 1E LL 1E+03-
«| | = ol ] o :
R% RD ' RD'
-0+ T -0 ; | 04— T
02 2,98 05 02 e -1.49€ 05 04 02 2.9860 o5
Sim_Y_Strain Sim_X_Strain MF245_Sim_Y_Strain MF245_Sim_X_Strain MF290_Sim_Y_Strain MF290_Sim_X_Strain
y-strain [-] x-strain [-] y-strain [-] x-strain [-] y-strain [-] x-strain [-]
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Validation of method for MAT_BARLAT
® Optimization results with FFNN for 0°
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Force [N]
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x Target_Force_X_Strain
b) o x Target Force_Y_Strain
— Initial run
| — Final run
0.2 0 0.2 0.4 0.6 0.8 1.0
y-strain [-] x-strain [-]

Residuum




Validation of method for MAT_BARLAT
® Optimization results with FFNN for 0°

Force [N]

3000

2500

2000

1500 |

1000

500

x Target_Force_X_Strain

b) R x Target Force_Y_Strain
1 — nitial ran
| — - , — Final run
02 0 0.2 0.4 06 0.8 10
y-strain [-] x-strain [-]
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Response surface
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MAT_ BARLAT parameter optimization from experimental data
® Input:

00°

o
BBy

2.25E+03+

2E+03

1.75E+03

1.5E+03

1.25E+03

1E+03+

Kraft.DIM

750+

500

250

45°

-0

0.25 0.5
SurfComp_00_8x5_Region.epsX
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1E+03—
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750

500

250

-0

s

0.2 -2.98€
SurfComp 00 8x5 Reaion.epsY

2.25E+03

2E+03+—

1.75E+03

1.5E+03]

1.25E+03

Kraft.DIM

1E+03+

750+

500

250

-0

90°

SurfComp 45 8x5 Region.epsX

0.5
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2E+03+-

i B
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=
a
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b4

750+

500
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-0
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2

-Z.QéE
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Curves from experiments w.r.t. the rolling direction (CR210IF)
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MAT_ BARLAT parameter optimization from experimental data
® Optimization strategy: Sequential Response Surface Method (SRSM)

2250

2000

1750

Force [N]

| X ARAMIS_Force_X_Strain_00 |
- x ARAMIS_Force_Y_Strain_00
—| rD = Initial run i
| —b‘ — Fiqal run ‘ ‘ ‘
0.4 0.2 0 0.2 0.4 0.6 0.8
y-strain [-] x-strain [-]

X-strains

[l
0.733

0.641

0.550

0.458

0.367

0.275

0.183

0.092

0.000

Y-strains

-0.050

N -0.100

—-0.150
I-O.ZOO
-0.250

-0.300

-0.350
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MAT_BARLAT parameter optimization from experimental data

® Comparison of the strainfields in LS-PrePost

X-strains

5.000e-01
4.375e-01 I
3.750e-01
3.125e-01
2.500e-01
1.875e-01
1.250e-01
6.250e-02 l
0.000e+00

Simulation

Experiment

Difference

1.345e-02

1.140e-02 I
9.349e-03
7.299e-03
5.249e-03
3.199e-03
1.148e-03

-9.018e-04 l
-2.952e-03
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MAT_BARLAT parameter optimization from experimental data

® Comparison of the strainfields in LS-PrePost

X-strains

comp_00_Force_X_Strain: discrepancy x-component (Dynamic Time Warping map)
Time = o

Contours of diffx
min=-0.00183902, at node# 70
max=0.000298637, at node# 713

diffx
2.986e-04

3.143e-05 l
-2.358e-04

-5.030e-04

-7.702e-04
-1.037e-03
-1.305e-03
-1.572e-03
-1.839e-03

fOwvnnaAa

MIOoORE




Contents

Motivation
Strain calculation in ARAMIS
Implementation of FFC with LS-OPT

Application of the method
Validation
Sheet metal CR210IF
PC/ABS

Summary & conclusions

Outlook

IOwvna

MORE




Yield curve generation — PC/ABS

Parametr e

sm - stress ley

No direct calétilgtion of the yi

15000

2000 0

h - softening exponent: 111.70

| hardened strgss: 2157

getPoly2

eld curve

Function: Approximation of the yield curve

n - hardening exponent: 4.40

based on two exp

st - linear slope: 2167.10

parameters

sk - scale factor: 28.20 10000

One fixed parameter for the y

» Reduction of the function |
variable

onential functions with 7

ield stress:

Dy one

[ |
- getPoly2
Exp. Eng. Stress vs strain
o Exp. True Stress vs eplv

T T
0 02

o d N. Karajan
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MAT 024 parameter optimization from experimental data
® First optimization run based on an a single stress strain curve

® Input from the experiment:

T

0.05

\ﬁ
\

0.04

XX)‘XXXx

0.03

0.02

0.01

0.6 0.8
eps/
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MAT 024 parameter optimization from experimental data

® First optimization run based on an a single stress strain curve
® Input from the experiment: Result:

| %E/W’—_j

0.04

0.03

0.02

0.01

eps./
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orce.DIM

Surface_component_1.epsY

MAT 024 parameter optimization from experimental data

® Second optimization run based on an a single stress strain curve + FFC
® Input from the experiment:

0.05

Result;

0.04

%

0.03

(=)

0.02

(&)

Iterations

0.01

ES
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MAT 024 parameter optimization from experimental data

® Second optimization run based on an a single stress strain curve + FFC
® Visualization of the differences in the y-strains:

9
Without FFC With FFC P
diffy 05 g
_//
3.393e+01 L 8
__/_——
2.473e+01 l
1.553e+4+01
T 0.04 7
6.332e+00 _
-2.867e+00 b
-1.207e+01 6
-2.126e+01 g. 0.03
-3.046e+01 @, 0
2 S
-3.966e+01 o 5%
o <
-4.886e+01 n =
-5.806e+01 | 0.02
4
3
0.01
2
0
0 0.2 0.4 0.6 0.8 1 1
eps/ X eng_exp
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Limitations

® Possible reasons of deviations
Material model:
Varying R-value
No damage

Variables - limited vs. complex
Noise

Strain rate dependency

Heat evolution

Surface measurement

Shell assumptions

Kraft.DIM

L
w20

(1
G -0.935
O -0,960
Hige SO NT
-1.000
2.25
-1.040
1.75—
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Summary & conclusions

Clearly, yield curve extrapolation is depending on reference length.

Hence many possible solutions for global force vs. displacement behavior.
Implementation of FFC interface in LS-OPT to facilitate application of method.
Method was validated with numerical, artificial data for Barlat-model.

Method was applied to measured data of CR210IF and PC/ABS.

It can be concluded that the approach delivers sufficiently close results
w.r.t. the posed question:

Keep in mind a spatial model as well a constitutive model

are applied to represent reality.

The limits of the classical discretization with shells
may sometimes be closer than expected!
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Outlook

® Increasing the number of parameters to be optimized (metal)
More complex approach for yield curve extrapolation.
2-3 additional parameters for the yield locus.

® Investigation of different specimen geometries may be worthwhile

The multi-point history option is available in LS-OPT 6.0
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The DYNAmMore — Material Competence Center

Contact:

DYNAmore GmbH

Prof. Dr.-Ing. André Haufe
Industriestr. 2

70565 Stuttgart

fon: +49 (0)711/4596 00 - 17
email: andre.haufe@dynamore.de

B Our Services:
Experimental material characterization
Validation of material cards
Extended parameter identification
Consulting for material model selection
B Your benefits:
Time and cost efficient
Comprehensive knowledge
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