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4a engineering - Business Units

LINOVIS
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Testing hard- and software

intelligent reliable solutions for plastics, composites, metals, foams, ...
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Creation of a ,,digital twin“ of a material

Modelling and
parameter identification

Validation and
implementation to
bigger models

Static and dynamic

mechanical characterization

HMLiNOVIs
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E LINOVIS S —

high performance modular testing

max. force 25kN
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Testing range

ON 2500N  5000N 7500 N 10000N 12500 N

15000N  17500N 20000 N 22500N  25000N 27500 N 30000 N

4000 mm/s

3000 mm/s

ol

2000 mm/s
1000 mm/s
1 mm/s Electro-dynamic

testing machines ) .
0.4 mmls Static testing machines

0.01 mm/s - —_—r o

plastics
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MiLiNnovis

high performance modular testing

3 seamless DIC integration
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’ integrated mounts for full 3D DIC capability k
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~ closed environment to minimize external
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glare free vision

|
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MiLiNnovis

high performance modular testing

&3 seamless DIC integration — 2D case
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Characterization of forming limit with 3D DIC




Characterization of forming limit — punch and Nakazima tests
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INOVIS

high performance modular testing

punch test setup
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EI-INDVIS

high performance modular testing

punch test setup
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Pneumatically actuated clamping for
automated hlgh throughput testlng
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Punch test setup - specimen

= Example: HSLA steel
= Thickness: 0.8mm
= Size: 80mm x 80mm
= Punch diameter: 20mm
= Support diameter: 40mm
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Punch test setup - specimen

= Example: HSLA steel
Thickness: 0.8mm

Size: 80mm x 80mm
Punch diameter: 20mm
Support diameter: 40mm

—
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Punch test setup - specimen

= Example: HSLA steel
= Thickness: 0.8mm
= Size: 80mm x 80mm
= Punch diameter: 20mm
= Support diameter: 40mm

© Copyright 4a engineering GmbH - 06.10.2025
M. Schwab, rep_25100601_mars_FLC-DIC-LINOVIS-Dynakonferenz2025




Punch test - results

Case failed v0 lw Snax Fnax Energy
samples [m/s] [mm] [mm] [N] loading [J]
PT 2/2 0.001 42 12.75 14327 93.94
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Punch test — results: Generation of FLD VALIMAT
testing prodecure

= Sample preparation with the speckle pattern

» Put the specimen into the machine

» Automated pneumatic clamping (no bolts)

2 VALIMAT

= Perform the test

simulation

automated evaluation

= Activate the bright lights
= Start the recording of the high-speed camera
» |mmediately evaluate the DIC images

» Finally store the recorded data in the VALIMAT database
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Punch test — results: Generation of FLD

Valimat ver. 3.7

d vaLIMAT

D E @ Test”” Test database Tast” Tastdatsbass
00 | ™ i R P
=l = i 2 5
Velodity - l, » e a — : ir ture of the test specimen |P_ of the test speci |
Database = O of the test specimen | = specimen
Data directory ) Tester Project name|Customer  Material | Name of th... Series | Ambient te.. Ar | R i | Tester |Project name| Material | Name of th... Series Ambient te... Ambient m...
Testplan =1 Material material =1 Test method: TT (Tensile test)
DB-Import -
i | Test method: 3PB (3-Paint Bending) = 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 Figl [ 240402 211 hkoe AlSi 424 02 - standard 0 0
2l Test method: PT (Puncture test)(b) Fig [@H 240403212 hkoe AlSi 92 02 - notched 0 0
Measurement Fig [ H 240403214  hkoe AlSi 141 02 - notched 0 0
Setup / Start FiE MEHE 240403215  hkoe Alsi 142 02- notched 0 0
Import Wil MEH 240403216 hkoe AlSi 151 02 - notched 0 0
Cﬂ p—— FiE MEH 240403217 hkoe AlSi 152 02 - notched 0 0
o eune FilE 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 [ERREM] 240408 004  hkoe AlSi 182 02 - standard O 0
ond Flots Fig [ H 240408005 hkoe AlSi 19_1 02 - standard 0 0
Wil A H 240408006  hkoe AlSi 192 02 - standard 0 0
o | Unioad Plots Filg @ H 290408007 hkoe AlSi 201 02 - standard 0 0
o] Mean value plots W= e JANANE NNE hlne [— AlG: n I N7 - cbamdard 0 n
>
£ >
Parameter model
New Palamnermdel’/ModeldaEbase
ﬁ Copy Series |
Optimization i |Datasetname |Modeller  |Series ~  Validation/... | Material na...
Creste ) Series:
Edit ) ) H H
_ =) Series: MC3-Autofit S m I t m d I
(OPT| Start Wi @ 200224171 0VISUALAUTO I ulation oaels Kunststoff
Fi @ 200224172 00_Validation_3PE_AUTO mr MC3-Autofit  Validation Kunststoff
Postprocess : FJ @ 200224160 1 Optimization_Youngs . .
O = [P smmmeniens Generation of the material card
Compare Model ﬁ B [ 200224162  3_Optimization_strainra D' t |' k b t H I t'
Create Report Fi @ 200224163 4 Validation_2PB mr MC3-Autofit Validation  Kunststoff IreC In e Ween S” l IU a IOn
=l Series: MC5
Create card ﬁ E r‘] 200224 164 5_Optimization_T/Bfactor_3PBC mr MC5 Optimization Kunststoff l I IOdeIS and test data
- ﬁ E r‘] 200224 165  6_Optimization_strainrate?_3PB_MAT187 mr MC5 Optimization Kunststoff
Fi @ 200224166 7 Validation_3PB_MAT1
I B [ 200224167 7 Validation_3PBC_MA V |d t f th m t 1 I d
ﬁ B D 200224 170 7_Validation_PunctureT a I a Ion O e a e rla Ca r
ﬁ B D 200224 169 7 _Validation_PunctureTest_static_MAI 18/ mr ML Vahdation Kunststott
ﬁ B D 200224 168 7 _Validation_TensileTest_ MAT187 mr MC5 Validation Kunststoff
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Punch test — results: 3D DIC

0.007 0.032 0.057 0.082 0.106 0.131 0.156 0.181 0.210 0.234 0.259 0.284 0.309 0.333 0.358 0.383
global min I " global max
-0.005 0.020 0.044 0.069 0.094 0.119 0.143 0.168 0.193 0.222 0.247 0.271 0.296 0.321 0.346 __0.370 0.395
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Punch test — results: 3D DIC

&1
. 411_Strain

Lo f

¥
i &

- O

rea: Strain E2 [-
- 0.020 0.073_0.123 0.176 0.22 7 0.329
alobal min ; g 3
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Punch test - results

15000.00

r

0.44
HSLA L=y Channel 40, Strain Areal|true ¥ / [-] converted from 4
/ Channel 41, Strain Aresl|true X/ [-] converted from 411

12000.00 Vi

N

2000.00 /

Force [N]
Channels []

/ -
8000.00 /

/ -

2000.00 / 0.08 /
oo / - /

0.00 2.00 4.00 8.00 8.00 10.00 12.00 14.00 0.00 3.30 8.80 9.80 13.20
Dizplacement [mm]

Time [3]

Local strain on horizontal and vertical

Case failed Vo Ly b t I I . f h
samples | [m/s] | [mm] | [mm] | [mm] | [mm] Ine segment at center of punc
PT 2/2 0.001 42 80.00 0.80 80.00
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Punch test - results

15000.00 0.44
HSLA |, Channel 40, Strain Aread|true Y / [-] converted from 412
/" d Channel 41, Strein Aresl|true X/ [-] converted from 411
/
12000.00 " 0.35 /
200000 / 0.28
: / :
o
£000.00 // 0.17
2000.00 // 0.0% /
3 / - /
0.00 2 4.00 8.00 8.00 10.00 12.00 14.00 0.00 2.30 6.680 220 13.20 16.50
Time: [&] Time [3]
Local strain on horizontal and vertical
Case failed Vo W b t [ .
samples | [m/s] | [mm] | [mm] | [mm] | [mm] line segment at center of punch
PT 2/2 0.001 42 80.00 0.80 80.00
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Punch test — results: Generation of FLD
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Punch test — results: Generation of FLD
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Punch test — results: strain rate effect

aluminum alloy

15000.00

12000.00 £
[
1

9000.00 /\\

ol <

<

2000.00 \ \
PT static v
I
PT dynamic
o.oo l
0.00 4.00 £.00 12.00 16.00 20.00

Dizplacement [mm]

* no significant strain rate sensitivity in hardening
« pronounced strain rate sensitivity of fracture strain
and max. force
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Further application: Hole expansion testing with local
fracture strain measurement




Hole expansion test setup - specimen

= HSLA steel
= Thickness: 0.8mm

= Size: 80mm x 80mm:; initial hole diameter 10mm
= Punch diameter: 20mm

= Support diameter: 40mm
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Hole expansion test - results

Case failed v0 Iw Sirax F max Energy
samples [m/s] [mm] [mm] [N] loading [J]
HET 2/2 0.001 42 18.41 5550 57.57
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Hole expansion test — results: 3D DIC

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

global min
-0.005
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Hole expansion test — results: 3D DIC, local strain at crack initiation

o

B .

15.107 mm; 305.792 px
-

& Area: Strain E1 [-] .
0.139  0.426  0.733 1.020 1.307 1.615 1.902
global min I | ) |
-0.005_ 0.282 0.590 0.877 1.164 1.451 1.758
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15.107 mm; 308.104 px
Sy \

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

al min ©

-0.005 0.282 0.590 0.877 1.164 1.451 1.'75.8

I global max

Local strain measurement is
applied at area of crack location

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

Actual measurement of hole
inside diameter at crack
initiation illustrated as red line
(inside diameter): 15.107mm
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Hole expansion test — results: 3D DIC

0.385 _0.631
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Hole expansion test — results

©000.00

HET-HC28(-001 (250809 008)

HET-HC250-002 (250910 002) /_\
5000.00 M,
4000.00 /

\

Force [N]

2000.00 /

— A1 - Length: Extension [mm] vs. 000_Time [s] — A2 - Length: Extension [mm] vs. 000_Time [s] — A3 - Length: Extension [mm] vs. 000_Time [s]
A4 - Length: Extension [mm] vs. 000_Time [s]

A1 — length extension
at crack initiation

[s]: 12.183333

[mm]: 5.094074

A1-Length: Extension [mm] vs. 000_Time [s]
[sl: 12.1833232
[mm]: 5.084074

1000.00
o,
0.00
0.00 200 4.00 a.00 8.00 10.00 12.00 14.00 18.00 18.00 20,00
Displacement [mm]
failed Vo Ly b t I
Case samples [m/s] [mm] [mm] [mm] [mm]
HET 2/2 0.001 42 80.00 0.80 80.00
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Crack extension of all 4 line segments
measured via 3D DIC



Hole expansion test — results

£000.00

HET-HC280-001 (250805 008)

HET-HC280-002 (250210 002) /_\
5000.00 N,
4000.00 7

\
2000.00 \

Force [N]

2000.00 /

— A1 - Length: Extension [mm] vs. 000_Time [s] — A2 - Length: Extension [mm] vs. 000_Time [s] — A3 - Length: Extension [mm] vs. 000_Time [s]
A4 - Length: Extension [mm] vs. 000_Time [s]

A1 — length extension
at crack initiation

[s]: 12.183333

[mm]: 5.094074

A1-Length: Extension [mm] vs. 000_Time [s]
[sl: 12.1833232
[mm]: 5.084074

1000.00
e,
0.00
0.00 200 4.00 a.00 8.00 10.00 12.00 14.00 18.00 18.00 20,00
Time [&]
Case failed Vo Ly b t I
samples [m/s] [mm] [mm] [mm] [mm]
HET 2/2 0.001 42 80.00 0.80 80.00
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Crack extension of all 4 line segments
measured via 3D DIC



Summary

= LINOVIS represents a highly flexible testing system for performing metal formability characterization
at a wide range of loading conditions

= Punch test setup with automated clamping for high throughput testing

= Full 3D DIC integration with automated handling during test execution, as well as automated
evaluation and post-processing within VALIMAT

= Strain rate effect should be considered in metal forming applications

= Automated generation of material card within VALIMAT
‘ Complete environment from
testing to simulation input data
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B ENGINEERING

Dr. Martin Schwab
CEO
martin.schwab@4a.at
+43 (664) 80106 640
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