Laser ultrasound for in line and in situ measurements
during casting and rolling
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Location =) RECENDT
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RECENDT — Member of UAR
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Research Topics [ RECENDT

= Laser Ultrasonics (LUS)

= Complementary methods

Area Acoustics

Emerging:
= Quantum Sensing:

= Infrared- and Raman Spectroscopy (IR)

= Terahertz Technology (THz)

Area Optics

= Optical Coherence Tomography (OCT)
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Main Technology: Laser Ultrasound - LUS =) RECENDT
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Principle: Advantages:
1. Excitation laser heats up surface shortly or periodically v Non-contact v
2. Local expansion or even ablation excites ultrasonic waves
3. Laser vibrometer detects echos v" Remote operation

v" Minimal influence on excited waves

Sample
v Applicable in harsh environment
v" Wide bandwidth
v 1 " "
[ =) Pressuire Off-line, At-line, In-line
< waves \
§  Surface = ‘
& acoustic Shear waves
.*_4-»- o) 5 waves
Q
oooo0 N

Lab experiments Professional equipment Monitor casting, rolling
Source: https://www.schmelzmetall.com/

© RECENDT, Slide #6




Laser Ultrasound =) RECENDT
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Typical: energy/pulse 1u] —850m] @1064/532nm; Rep rate 10 — 2000Hz

Source: https://brightsolutions.it Source: https://innolas-laser.com Source: https://www.quantel-laser.com

Laser vibrometer

Commercially available Customized

ource: https://www.soundnbright.com

Source: https://laser-ut.tecnar.com
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Wide range of dimensions to investigate =) RECENDT
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[ Frequency modulated LUS ]

[ Pulse-echo LUS ] [ Poseconaus |
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Laser ultrasound during continuous casting
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Inline during continuous casting =) RECENDT
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Thickness measurement of solidification zone

Technikum of voestalpine Stahl Donawitz

« Temperature at transition of aggregation state: ~1370 °C
» Casting speeds tested: 0.25, 0.30, 0.35 m/min
LUS-measurement head
with water cooling
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Inline during continuous casting
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Ultrasonic signals of strand passing by
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Comparison to

solidification model:
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LUS: Crack detection ={j==E=INblL

Center crack detection during aluminium continuous casting
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Laser ultrasound during thermal treatment
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MetProLUS — Metallurgical process monitor =) RECENDT

Dilatometer as thermal simulator combined with laser ultrasonic equipment used at RECENDT

In Cooperation with LINSEIS
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MetProLUS — Metallurgical process monitor =) RECENDT
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Monitoring of grain size evolution during thermal treatment

6 mm
Sample
10 mm 6 mm
= Monitoring of Austenite grain growth
= 4 120 T T T T 1 T 1 1

<

T T =1220°C
80 o J
X 5.8um

I X 12.6pm
K ol X 24.4pum
X 35.6pm
s 46.3um
RS ’ > B5um
. ¥ 67.4um
X 92.6um
20 . % 98.3um | |
LR X 112.6pm
Monann ‘ T = 830"(: | | | ‘ ‘ | - In-situ‘LUS

100 200 300 400 500 600 700 800 900 1000
Time [s]
Black dots: LUS-model on one sample.
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MetProLUS — Metallurgical process monitor =) RECENDT

Sheet steel samples observed in-situ by LUS for studies of recrystallization and phase changes
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Laser ultrasound after thermal treatment
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LUS for Hardness Penetration Depth =) RECENDT

transition region
hardened / unhardened

Non-destructive determination of surface hardening depth seneration ™
|

\ coarse

= For inductively hardened steel parts

detection
head

= Grain structure changes during hardening

Amplitude

= Can substitute standard, destructive testing
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New methods by modelling and simulation
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Combined Mode Local Acoustic Spectroscopy (CoMLAS) [‘é RECENDT

Simultaneous measurement of isotropic elastic plate properties and thickness:
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Ultrasonic simulation in polycrystals
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Investigation of influence of microstructure on elastic wave propagation
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fé We're looking into it!
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Edgar Scherleitner We receive public funding from:

Area Manager Acoustics

edqgar.scherleitner@recendt.at Finanziert von der
F F G Europaischen Union

www.recendt.at : Funded by
Forschung wirkt. the European Union

A — 4040 Linz, Altenberger StraBe 69, Science Park 2
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