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Motivation 
VMonitoring in-situ the microstructure evolution 

in steel after and during hot-deformation 

VWork-hardening, recovery,  
recrystallization 

VStatic or dynamic processes 

VChallenging processes to 
characterise in austenite 
with existing techniques 

VWhat type of information can  
LUMet provide ? 
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Material and setup 

VMo-TRIP, forged bar 

VComposition (wt %) 
C0.19, Mn1.5, 
Si1.6,Mo0.2 

VCylindrical sample 10*15 

VUniaxial compression 
tests 

VTranslating laser table to 
follow the center of the 
sample 

 



Measurement on cylinder  
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VPulse echo configuration 

VSmall beam spot size 
Generation: radiation 
pattern similar as for 
plate 
Detection: Negligible 
phase shift  

VFc = 6 MHz 
Wavelength  = 1000 µm 
Beam spot size 1.5 mm 
Phase shift = 18 µm 

 

Fresnel parameter 
S = ˂z/a2 

First echo S = 9 
Second echo  S = 18 

Far Field Region 



Complex waveform 

VMultiple acoustic waves are 
being generated and start to 
propagate in various 
directions 

VHigh intensity pressure pulse 
travels across the diameter  

VSurface wave of lower 
amplitude propagates 
around the circumference  

VLower amplitude pressure 
waves reflect and mode-
convert into shear waves 

 



Static recrystallization in austenite 

VGrain size measurement 
after hot-deformation 

VStrain = 0.2 and 0.4 

VSingle echo technique + 
Available austenite 
calibration 

Ref 



Recrystallization kinetics 

VInitial austenite grain 
size prior to 
deformation: 40 µm 
(Liu.D et al. Met. Mater. 
Trans 38A, 2007, pp 897) 

VRecrystallization kinetics 
measured from interrupt 
compression test 
(double hit tests). Double  

Hit 

0.2 
0.4 



Austenite grain size evolution 

VLarger grain refinement at 
higher deformation strain  

LUMet  

25 µm 

25 µm 



Hot-compression experiment 

VAttenuation 
measurement during 
hot-compressions 

V3 strain rates 



In-situ monitoring during deformation 

Video of in-situ LUMet inspection 

VSuccessfully follow the center of the sample 
up to a rate of 1mm/s-1 



Analysis methodology 

VSample is continuously 
changing in shape 

VNo reference 
microstructure can be 
obtained  

VAttenuation calculated by 
the ratio of amplitude 
spectrum of first and 
second echoes 

VVariation of attenuation at 
a single frequency 
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