
Microstructural studies of hot deformed austenite 
using GLEEBLE stress relaxation tests combined with 
laser ultrasonics and metallography

Session: C10 - SPD of Advanced Steels II
Date: 2019-09-05

Mikael Malmström1, David Martin1, Eva Lindh-Ulmgren1, Bevis 
Hutchinson1, Raveendra Siriki2
1 Swerim AB, Kista, Sweden
2 Sandvik Materials Technology, Sandviken, Sweden



Group of Analytical Process Monitoring

Lack of fusion

On-line weld inspection

Manufactured 

defects

In-process defect detection of AM parts
(C4 – NDT Tuesday) 

Process defect



REMOMIC Plus:
On-line microstructure monitoring with laser ultrasonics 

Motivation for LUS: Deeper 
material understanding in 
order to control production 
processes better
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Principles of laser ultrasonics - LUS
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LUS principle B-scan
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Spectral content of LUS echos



Ultrasonic attenuation due to scattering
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Spectral attenuation of LUS signals
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Grain size calibration curve
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Testbädd för termomekanisk simulering

Gleeble LUS

GLUS®



Recrystallization and grain growth of 304 steel 990 °C



GLUS® during stress-relaxation measurements



GLUS® during single or multiple hits



Typical microstructure evolution of High-Cr Stainless 
Steel post compression (e0.3, 8 ps, at 1100 °C)
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IPF of retained austenite

20°-50° boundaries in black

>50° boundaries are in white

Prior Austenite Grain Size Reconstruction after 
quenching



Regions of retained

austenite with similar

orientation is expanded

untill another grain is 

reached

Prior Austenite Grain Size Reconstruction after quenching



Austenite grain size evolution

GLUS®
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Softening and grain size evolution during recrystallization
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Conclusions

LUS can measure 

microstructure evolution 

during annealing

LUS can measure 

microstructure evolution 

post compression

LUS measurements are valuable inputs for 

material modeling
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