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Conclusion and future work 

All three modules (materials properties, 
FEM, waveform analysis) are validated 

Need to extend the available bandwidth, 
high frequencies 

Compute frequency dependence of 
attenuation with grain size to compare with 

scattering theories 

Evaluate the effect of second phases, 
presence of cluster of orientations, … 

 

Objective: Use finite elements analysis to simulate the propagation of ultrasound wave in anisotropic polycrystalline 

aggregates. The simulation aims to validate experimental measurements conducted with the first commercial Laser Ultrasonics 
sensor (LUMet). This recent technology is dedicated to the monitoring of microstructure evolution during  thermomechanical 
processing of metals. Ultrasound attenuation and velocity are related to metallurgical parameters such as grain size and texture 
and are used to examine in situ grain growth, recrystallization and phase transformation.  

Laser Ultrasonics for Metallurgy 
(LUMet) 

𝑇𝑖𝑘 𝑛 = 𝑐𝑖𝑗𝑘𝑙𝑛𝑗𝑛𝑙  

𝑣𝑝 = 𝜆1 𝜌  

𝜎𝑖𝑘 = 𝑐𝑖𝑗𝑘𝑙𝜀𝑗𝑙  

𝑐′𝑖𝑗𝑘𝑙 = 𝑀𝑍𝑌𝑍𝑐𝑖𝑗𝑘𝑙𝑀 𝑍𝑌𝑍 

Material definition 

BCC-Iron 
Dever et al. 

c11 

c’ 

c44 

Type equation here. 

Propagation in bi-crystal 
Incidence angle / Grain boundary misorientation 

E = 250 GPa 
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Bi-crystal , Isotropic case  

Bi-crystal , Anisotropic case 

Reference : Incidence angle 45°  

V
el

o
ci

ty
 m

is
m

at
ch

 

A
m

p
lit

u
d

e 

A
m

p
lit

u
d

e 

A
m

p
lit

u
d

e 

Amplitude spectrum Amplitude spectrum 

Frequency (MHz) Frequency (MHz) 
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Propagation in single crystal 

(1 0 0)[ 0  0  1] α(10MHz) = 0.5 dB/mm 
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Ultrasound attenuation Sample geometry 
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Crystal orientation 
wave dispersion 

Ultrasound  
velocity 
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τ = 0.645 µs 
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Amplitude spectrum Average surface displacement 

Amplitude spectrum Average surface displacement 
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Time-delay between echoes 

          Frequency, MHz           Time, µs   

          Frequency, MHz           Time, µs   

          Time, µs   

Conclusion: This contribution provides an overview of our recent work on the numerical modeling of ultrasonic wave 
propagation in anisotropic polycrystalline aggregate using the finite element analysis. The simulation tools is perfectly suitable to 
examine complex wave propagation phenomena such grain boundary scattering and the effect of preferred orientation on the 
measured ultrasound parameters.  
Acknowledgements: Bing Tie, Chad Sinclair, Guillaume Lefebvre, David Embury 
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Propagation in anisotropic polycrystalline aggregate  
Voronoi tessellation 

Attribution of crystal orientation 
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Larger attenuation for larger grain size 

Future work: Grain clusters with various size 

Propagation, grain scattering  

0.6 dB/mm 1.25 dB/mm 1.9 dB/mm 

Amplitude spectrum 
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Small grain size = requires finer mesh size 
Large grain size = Strong effect of texture on grain scattering 
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E = 80 GPa 
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