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On-line grain size gauge for the hot strip
mill based on laser ultrasonics
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Laser ultrasonics research at Swerim
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SWERIM
Laser ultrasonics - LUS

Generation laser Detection laser




SWERIM
Laser ultrasonics - Grain size calculation
Generation and pulse propagation




SWERIM
LUS principle A-scan
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SWERIM
Frequency content of echos
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SWERIM
Spectral content
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https://www.pexels.com/photo/body-of-water-near-brown-soil-under-blue-sky-during-sunset-128458/

SWERIM
Grain size measurement with LUS
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SWERIM
LUS grain size vs EBSD/MPGR grain size, from to > °C
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Reconstruction of PAG orientation map

 Algorithm development started in 2015
« Cited in 63 scientific publications

Crystallography, Morphology, and Martensite Transformation of Prior Austenite in

Intercritically Annealed High-Aluminum Steel, Nyyssénen, T., Peura, P., Kuokkala, V.-T.,
Metallurgical and Materials Transactions A, 2018, 49(12), pp. 6426-6441

lterative Determination of the Orientation Relationship Between Austenite and Martensite
from a Large Amount of Grain Pair Misorientations, Nyyssénen, T., Isakov, M., Peura,

P., Kuokkala, V.-T., Metallurgical and Materials Transactions A, 2016, 47(6), pp. 2587—

2590



https://www.scopus.com/record/display.uri?eid=2-s2.0-85053675688&origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57196316562
https://www.scopus.com/authid/detail.uri?authorId=8364401500
https://www.scopus.com/authid/detail.uri?authorId=6701377783
https://www.scopus.com/sourceid/27356?origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84962167136&origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57196316562
https://www.scopus.com/authid/detail.uri?authorId=6701684726
https://www.scopus.com/authid/detail.uri?authorId=8364401500
https://www.scopus.com/authid/detail.uri?authorId=6701377783
https://www.scopus.com/sourceid/27356?origin=resultslist
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New grain size gauge




New grain size gauge
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SWERIM
Online measurements with new GS gauge

0.6 - N

0.5~ N

0.4 - N

0.3 N

0.2 -

0.1~ R

Amplitude (a.u.)

-0.1

0.3~ 4

Time (ps)



SWERIM
Grain size measurement with LUS

Measure Attenuation Grain size

Calibration
curve -

~
7

Attenuation
Attenuation

Frequency Grain size



SWERIM

LUS measured grain size of hot strip
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SWERIM

LUS measured grain size of hot strip
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LUS measured grain size of hot strip (zoom)
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SWERIM
Reheating furnace
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Walking beams are the cause of the skid marks



Future & outlook
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Future & outlook
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SWERIM
Use anisotropy for recrystallized fraction estimation

Generation laser

Lena Mauritzson, Bevis Hutchinson, Pete Bate, Peter Lundin, Mikael Malmstrom, and Eva Lindh-Ulmgren. “Texture Studies Using Laser Ultrasonics (LUS) in Metal Processing.”
Warwick: IOM Communications, 2017. http://www.fems.org/event/line-measurement-and-control-metals-processing.



http://www.fems.org/event/line-measurement-and-control-metals-processing

SWERIM
Use anisotropy for recrystallized fraction estimation
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http://www.fems.org/event/line-measurement-and-control-metals-processing

SWERIM
High speed Adverse Non Safe Sensor (HANS-S)
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Acknowledgement: The authors wish to thank Simon Fitch for the original design of the circuit.



SWERIM
High speed Adverse Non Safe Sensor (HANS-S)
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Use anit py for recry ized fraction
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More LUS/GLUS®/LUS-online info:

https://www.swerim.se/en/services/material-analysis-process-monitoring/laser-ultrasonics-lus/glusr-gleeble-lus
https://www.swerim.se/en/services/material-analysis-process-monitoring/laser-ultrasonics-lus
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-300906 (Recorded presentation)
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-259955



https://www.swerim.se/en/services/material-analysis-process-monitoring/laser-ultrasonics-lus/glusr-gleeble-lus
https://www.swerim.se/en/services/material-analysis-process-monitoring/laser-ultrasonics-lus
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-300906
http://kth.diva-portal.org/smash/get/diva2:1590480/MOVIE01.mp4
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-259955

