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Motivation

Material Properties k

Generate datasheets according to standards Missing link to simulation data input i
datasheet is not enough
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Motivation
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E LINOVIS specifications

high performance modular testing

max. force 25kN

-— rF /

max. speed 3.2m/s Y

max. stroke 200mm s J
energy 600J

frequency ~30Hz
T

& modes of operation

static

\ A
‘\ , %

' dynamic

g™

-

cyclic

7
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MliLinovis

high performance modular testing

Thermal chamber add on

Heating / cooling unit

o , / J airflow P
\/

Cooling based on refrigeration
cycle - no liquid nitrogen required
. T = R s

Thermally insulated chamber

b g 3
Heating / cooling unit provides hot §
/ cold airflow

el .

| Airflow circulates between
| chamber and heating / cooling uni
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MiLiNnovis

high performance modular testing

¥ modularity

%
\ ¥

exchangeable test chambers
A fast change of test setups

E——

e~ integration of additional modules
| A thermal chamber
A battery test chamber

key for extensive automation
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MiLiNnovis

high performance modular testing

3 seamless DIC integration
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LINOVIS

high performance modular testing

puncture /punch test: Nakajima test setup i FLC determination

AN g

-.»f =

Area: Strain E1 [-] lArea: Strain E1 [-

rea: ]
4.241 12.825 22.022 30.606 39.191 48.388 56.972 4.241  12.825 22.022 30.606 39.191 48.388 56.972
global min , E I global max global min ™ ) I global max
-0.051 4_ 34 43.4 80
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MiLiNnovis

high performance modular testing

3 seamless DIC integration

p>X

Sample preparation with the speckle pattern

>\

Attaching the jig to the specimen

>\

Put the prepared sample at the counter bearing

p>N

Perform the dynamic tensile test

manual operation

Activate the bright lights

Start the recording of the high-speed camera
Immediately evaluate the DIC images

Finally store the recorded data in the VALIMAT database
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VALIMAT ® from test to material card

Advantages

manage test results (import, export, filter,
evaluation)

statistics
material card generation
= automated parameter identification
= complex models
validation of material card
database of test results and simulation data

= direct link between test and simulation simulation

https://www.4a-engineering.at/4a-valimat
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2 vALIMAT




VALIMAT ® from test to material card
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VALIMAT ® material models

A Plenty of direct implemented LS-Dyna material models (also Abaqus, PamCrash)

2 vALIMAT

Materialcardcase
Damage/Failurecase
Materialcard id
Density

Plasticity

@ Strain rate dependency
@ Micromec
Fracture
Postfracture
‘EI. Loadcases

=| Material card

Function (Hardening, Elastic curve

A Whole number of LS-Dyna material models is available through userdefined material cards
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*MAT_ELASTIC (*"MAT_001)
*MAT_PIECEWISE_LINEAR_PLASTICITY (*MAT_024)
MAT_FPLASTICITY_COMFRESSION_TENSION (*MAT_124)
*MAT_SAMP-1 (*MAT_187)

*MAT_FU_CHANG_FOAM (*"MAT_083)
*MAT_COMPOSITE_DAMAGE ("MAT_022)
*MAT_ENHANCED_COMPOSITE_DAMAGE ("MAT_054)
*MAT_LAMINATED_COMPOSITE_FABRIC (*MAT_058)
*MAT_RATE_SENSITIVE_COMPOSITE_FABRIC (*MAT_158)
*MAT_LAMINATED_FRACTURE_DAIMLER_FPINHO (*MAT_261)
MAT_LAMINATED_FRACTURE_DAIMLER_CAMANHO (*MAT_262)
*MAT_ANISOTROPIC_ELASTIC_PLASTIC (*MAT_157)
*MAT_MICROMEC (*MAT_215)

*MAT_MICROMEC (*MAT_215)+Carbon




HPDC Aluminum characterization VALIMAT

Valimat ver. 3.7

D E @ Test” Test database Test”” Testdawmbase
- Ll
@ @ Material ,|_Tesl o Material lTest thod -
- =T TR T e o Temperature of the test specimen
Database — o Ori ion of the test specimen - Ori ion of the test specimen
Data directory D Tester Project name| Customer Material Name of the. | Series Ambient te—. | An [0} Tester Project name Material Name of th... Series Ambient te.. Ambient m...
& =| Material: material = Test method: TT (Tensile test)
DEmport +| Test method: 3PE (3-Point Bending) =l Velocity: 0.0001
Testdata +| Test method: 3PBC (3-Point Bending clamped) Te StS = Temperature of the test specimen: 23
New '+ Test method: TT (Tensile test) —=| Orientation of the test specimen: 0
Copy Fel @ 240403 211 hkoe AlSi 424 02 - standard 0 0
Rt he BB e} FiE [E@H 290403212  hkoe Alsi 92 02- notched O 0
Measurement Fid [ H 240403214 hkoe AlSi 14.1 02 - notched 0 0
Setup / Start FiE MEHE 240403215  hkoe Alsi 142 02 - notched 0 0
Tmport Fig @ H 24040326 hkoe AlSi 15.1 02- notched 0 0
P Fig I EH 240403217  hkoe AlSi 152 02- notched 0 0
Filg FEH 240403218 hkoe AlSi 16.1 02- notched 0 0
Evaluation of the test Fi 2 P ) H == 240408003  hkoe Alsi 181 02 - standard 0 0
Evaluate & [ m 240408 004  hkoe AlSi 182 02 - standard 0O 0
TP Fild [ 240408005 hkoe AlSi 19.1 02 - standard 0 0
FilE ©EH 290408006 hkoe AlSi 192 02 - standard 0 0
Unlozd Plots Filg G H 240408007 hkoe Alsi 201 02 - standard 0 0
= M E 24nANa Nna hlbas e AIG; n 3 M - ctamdard 0 n A
< >
£ >

Pammeter mode I’)/ Model dabase

Series |
Optimization 1] Dataset name Modeller Series Validation/... Material na...
Create | Series:
Edit - . H H
=l Series: MC3-Autofit S I ' l I t ’ ' l d I
[FF 1 Start [ RE] 200224 171 O_VISUAL_AUTO I u a Ion O e S Kunststoff
Fi @ 200224172 00 Validation_3PB_AUTO mr MC3-Autofit Validation  Kunststoff
Postprocess - L
P‘, @. 200224 160 1_Optimization_Youngs

Compare Model P‘ E. [-] 200224 162  3_Optimization_strainra

Create Report P‘ E. 200224_163 4 Validation_3PB mr MC3-Autofit  Validation Kunststoff D I re Ct | I n k betWe e n S I m u | ati O n
P__’:: Sé.rierj MZ[():[)E.ZM_‘IM 5_Optimization_T/Bfactor_3PBC mr MCS Optimization Kunststoff m Od e | S an d test d ata

P‘ @. [ 200224 165  6_Optimization_strainrated_3PB_MAT187 mr MC5 Optimization Kunststoff
P‘ @. 200224 166 7 _Validation_3PB_MAT1

56 i hwaesees Validation of the material card

O | (85 e 2ot Generation of the material card

P‘ E. [ 200224 169 7 _Validation_PunctureTest_static_ MAI 18/ mr ML Vahdation Kunststott
P‘ E. [ 200224 162 7 _Validation_TensileTest MAT187 mr MC5 Validation Kunststoff
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HPDC Aluminum characterization 2 VALIMAT

Automated optimization
Menu & Optimization
— Status Mame ek e_nue V_EpSpA
Optimization
/" Parameter moder ) Model databass | Run |:|
00_00_AutoValues 1000 na. 0.01(c)
Series ri New “ top —
D Dataset name Modeller =i Solver Sym v
| | | : | | Select test data sets - | Clear D1_00_Opt_3PB AUTO AUTO[E)  na.
Wi @ 190916016 6 Visual DOM bhir [HP LS DYNA Fulln
Apprwed Open L5-Opt Viewer 7
) Series: 1_1_RT_MAT024 Mot aboroved \V4
Pk ¢ | 190912_014  0_VISUAL_AUTO ‘pp 3 I SE 01_03_Opt_TT PRUN(S)  PRUMIG)  PRUNIS)
Wifd 190912015 00 Validation_3PB... Invalid HP LSDYNA  Quar p—
il £ 190912_016 1_Optimization_Yo... Lock D y Postprocess v
90912017  2_Optimization_flo... Mark for deletion P o Create report 01_04_Opt_TT PRUN()  PRUNIQ  PRUNIQ
90912_018  3_Optimization_str... Delete P d —
90912019 4 Validation_3PB Backup data set (7zip) 3 Eri B e =A== \
02_00_Opt_TT PRUN[C  PRUN[Q  PRUM)
=) Series: 1_2_RT_AutoFit Auto Fit g : : ¢
Fi 190911_021  00_00_Auto_Visual... bhir Auto Fit (new) HP  LSDYNA 1-Ele (et = ‘v
m B 190911_022  00_01_Auto_Values bhir Create material card HP  LSDYNA 1-Ele SR
Wiy 190911023 0002 Auto_Check.. bhir R HP  LSDYNA  1-Ele 72-00.0pt 30 PRI PRUNG - PRENG
imization
Fi B 190911024  00_03_Auto_Check... bhir o [HP LS DYNA 1-Ele v
Wi 190611 025 00 04 Aute Check... bhir s ialTie THP 1S DYNA 1-Fle ¥
< Database > 03_03_0pt_TT PRUN[S  PRUN[G  PRUM
Python scripts 7
V
04_00_FailureEvaluation PRUN(c) PRUMI(c) PRUN(C)
7
. \
AutoFit workflow for automated BowiT g g
parameter identification V
05_03_Val_3PB PRUM(c)  PRUN[C)  PRUM(S
—
05_04_Val_PT PRUN()  PRUN(C)
Close M
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VALIMAT ® Workflow for Material Card Generation

Automated optimization

Menu % Optimization

Status

Optimization

0_Visual_AUTO

Clear

Open LS-Opt Viewer

DV Result

AN @

1_Optimization_YoungsModulus

O
7
V
7
Vv
7

Postprocess

Create report

Create material card

g

SIS [S<A[5]<

I > &

Hardening

2_Optimization_flow_data

4 Optimize_3PB

| s_validation_3p2

7_validation_TensileTest

" | 8_validation_PunctureTest_dynamic

_ 9 _Validation_PunctureTest_static

P
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Use case: Aluminum HPDC characterization




HPDC Aluminum characterization: clamped 3 -point bending (stretch bending)

ductile alloy

15000.00

12000.00

9000.00 /\\

=N
<3

PT static

Faorce [N]

2000.00

2000.00

I
PT dynamic
[

Q.00

Lisplacement [mm)

A no significant strain rate sensitivity in hardening
A pronounced strain rate sensitivity of fracture strain
and max. force
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HPDC Aluminum characterization

hardening curve Failure Curves Failure Curves Element Regularization Curve
——tailure curve for triaxiality = 022
- ——— failure curve for Lode angle =0 - .
= u 3 -
£ —— failure curve for Lode angle = 0.5 - 006 = I
£ Q04 £ —failure curve for triaxiality = 15- £
8 —— failure curve for Lode angle =1 E 3
b= = 8
— a Al curve P @ o
g E «++ critical curve PSS ,_5 4 \| 1
2 2 = <
T - =
£ - o Il
p o = N
s @ s s
= o = S
& o = &
€ K| 1 o
= - £
=
2 ) £
3 H a
g w
] 05 1 15
equivalent plastic strain in [-] stress triaxiality in [-] Lode angle in [- characteristic element lengthin [mm
g

Lou Huh Failure Surface

A flow curve (generalized Voce):

-) @ (@ "Q)fe"Qoo< = )nyw(r]

Z
A damage model: Lou Huh?
2 ; 14+ 3-m) N\ : §ﬁ-go‘*”m <+ 06
— (14+3-)\" SFT o538 2nwaq
Efwsfi}—f-‘z' = ( > ) 2 °eo :Sgﬁgm'm
0 +3 - ‘ stress triaxiality in [] = =
Q1: https://pureadmin.unileoben.ac.at/ws/portalfiles/portal/8084698/AC16406039.pdf
20 © Copyright 4a technology GmbH - 25.03.2026 1 N P H Y s 1 c s w E T = U s T

M. Schwab, rep_26032401_mars_Characterization_Modelling_LINOVIS

normalized Lode angle in [-]
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Use case: Fiber reinforced polymer




From test to material card

v

e
R =

90° orientation
static & dynamic bending

v

P
[ =

dynamic bending
0°, 30°, 90° orientation

|
_¥ .

B\_®

dynamic puncture test
Source: P Reithofer, failure criteria SFRT and LFRT
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Use case: Dual Phase steel




Test results dual phase steel base material

tensile tests

HMiLiNOvVISs

high performance modular testing

£500.00 1100.00
6000.00 :;":;_ 100000
: e p—
5500.00 / é’.——-— e ____,...-/f- \
/ 500.00 —
£000.00 "\
£00.00 — HR\KQ\ =
4500.00
T00.00 ﬁ \.‘
4000.00 ' y
Z 3500.00 g £00.00
53353-55 g 500,00
]
e00.00 400,00
2000.00
300,00
1500.00
200.00
1000.00
500.00 , 100.00
0.00 0.00
Strain [%]
failed Vo l, b t |
Case samples | [m/s] | [mm] [mm] [mm] [mm]
TT_1mmps 3/3 0.001 24 15.00 1.57 60.00
TT_10mmps 22 | 001 | 24 | 1500 | 157 | 6000 *true stress / true strain based on
TT_100mmps 3/3 01 | 24 | 1500 | 157 | 60.00 local 2D DIC with [0=2mm
TT_1000mmps 2/2 1 24 15.00 1.57 60.00
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Test results dual phase steel spot -welded INOVIS
tensile tests
21000.00 gh"g‘"‘
15000.00 /
| Displacement [mm]
Case failed A L, ly b t
samples | [m/s] | [mm] | [mm] | [mm] [mm]
TT_SW_1mmps 3/3 0.001 | 58.5 50 34.8 3.14
TT_SW_500mmps ¥3 | 05 585 50 | 348 314 *local displacement evaluted with 2D DIC; 50mm
TT_SW_2500mmps 313 25 | 585 | 50 348 | 3.14 line Segment Symmetric across Spotwe|d
TT_SW_3200mmps 313 32 | 585 | 50 | 348 | 3.14

27 © Copyright 4a technology GmbH - 25.03.20.26 ; : 1 N P H Y s 1 c s w E T = U s T
M. Schwab, rep_26032401_mars_Characterization_Modelling_LINOVIS



Use case: Metal forming / stamping




INOVIS

high performance modular testing

Nakajima geometries: Generation of FLD
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HMiLiNOvVISs

high performance modular testing

Test results, HSLA, 23 °C
Nakajima

1 — static
| —=- dynamic

g in[-]

L L L s
-0 -04 -03 -02 -0.1 0.0 0.1

gy in [-]
W E TRUS SH®T dq
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Hole expansion test T results: 3D DIC, local strain at crack initiation

A Local strain measurement is
applied at area of crack location

A 4 line segments (green color)
applied to measure hole expansion

A Actual measurement of hole inside
diameter at crack initiation
illustrated as red line (inside
diameter): 15.107mm

15. 1[]7 mm; 305 792 px 15._11'07 mm; 308.104 px

-~
* 5

B,
& Area: Strain E1 [-] e
0.139 IJ 426 0.733 1.020 1.307 1.615 1.902
global min ¥ [ 7 global max
-0.005 0.282 0.590 I].877 1.164 1.451 1.758

. Area: Strain E1 [-]+«
0.139 0.426 0.733 1.020 1.307 1.615 1.902

‘ﬁ* Joe - 0c 005 0.282 0 590 0. H77 1 164 1.451 1.758
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Use case: Adhesives




Validated material cards

Case: Adhesive characterisation - interface

&1 Lap shear test setup b

Mode Il strength
T WA T s

DCB (Mode | Dynamic
energy) Static
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