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1. Introduction 
 There is a critical need in the plasma material 
interaction field for an in-situ and non-contact 
method for material characterization and 
health monitoring of installed components. To 
address this need, our proposed approach is to 
utilize laser ultrasonics [1] as a plasma-facing 
component diagnostic for fusion devices. A 
short pulsed laser results in generation of 
elastic waves in the ultrasonic range due to 
thermo-elastic expansion or ablation. These 
waves are subsequently detected using a laser 
vibrometer. Both surface and bulk waves can 
be generated and detected to measure surface 
and bulk properties, respectively. The material 
thickness, mechanical properties, and stresses 
can be deduced from analysis of the time trace 
of the detected waves. Here we focus on: (1) the 
determination of sound wave velocities in 
various tungsten materials which are required 
for thickness gauging of W components, and (2) 
determination of acoustic emission during 
crack propagation in W as a first step towards 
quantifying W fracture toughness under fusion 
relevant conditions.  
 
2. Experimental 
 A Q-switched Nd: YAG laser at 1064 nm (15 
ns FWHM) is focused to ~0.1 mm diameter on 
various W specimens which generate elastic 
waves in the ultrasonic range by thermo-elastic 
expansion or ablation. These waves are 
subsequently detected using a commercially 
available He-Ne laser (633.8 nm) vibrometer 
head and decoder from Polytec which measures 
the change in surface displacement and 
velocity. The displacement is determined by the 
phase shift of the backscattered probe beam 
while the velocity measurements are based on 
the Doppler effect. Wave velocity experiments 
were performed in air with laser energy < 20 
mJ. The source and detection lasers were 
positioned directly opposite one another, 
sandwiched by the W specimen of interest (i.e. 
epicenter configuration). For detecting of 

acoustic emission during crack propagation, 
experiments were performed in-vacuo with 30 
µm thick W specimens. Here the Nd: YAG laser 
was used to generate ablation force that 
resulted in crack propagation while the 
vibrometer was used to measure the acoustic 
emission generated when the crack propagated.  

 
3. Results 
 Typical time trace of the surface displacement 
at the epicenter measured at the back surface 
of a polycrystal tungsten (PCW) sample is 
shown in Fig. 1. It was found that the 
longitudinal wave velocity depends weakly on 
deuterium retention, and grain size differences 
in the µm range. However, ultra fine-grained W 
with grain sizes in the order of a few hundred 
nm resulted in an increase in the wave velocity. 
Young’s modulus is derived from the measured 
wave velocities. Next, it was found that crack 
propagation generates lamb waves or guided 
waves. A shift towards shorter time scales of 
the lower frequency parts indicated the 
distance to the source was decreasing (i.e. crack 
propagation towards detection point). 

 

Real-time monitoring of plasma facing components 
erosion and material integrity is desirable during 
operation of a fusion reactor. 
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Characterization of wave source generation 
by pulsed laser (Broadband signal) 

L and S wave velocities in various materials 

Summary 

! Laser ablation regime improves the source signal 
magnitude. 

! From the frequency analysis (FFT) of the velocity 
signal - longitudinal wave speed determined. 

!  This wave speed can be used for determining 
material thickness or elastic property changes.  

! Displacement measured 
at the thickest part on the 
back surface shows 
arrival of a string of 
longitudinal waves. 

! Scanning of lasers 
possible to generate 2-D 
map of the component.  

! From the first arrival of  L, S waves generated in 
thermoelastic regime, wave velocities determined. 

! Improved signal analysis methods can reduce the 
error (e.g. cross correlation of L and 3L echoes) 

! As expected, microstructure (i.e. grain size) has 
the most significant impact on wave speeds rather 
than impurities, or grain orientation. 

! Young’s Modulus can be determined from the L 
and S wave velocities provided the density is 
known allowing for monitoring of elastic property. 

Laser ablation regime to generate mostly longitudinal waves 

Setup 1 

! From Euler-Bernoulli beam 
theory  the natural 
frequencies of vibration are 
proportional to Young’s 
Modulus (fn ∝√E) 

Excitation laser (Nd: YAG 1064 nm) 
• Pulse FWHM ~15 ns 
• Maximum energy � 450 mJ  
• Beam focused to � 1 mm diameter 
• Beam Gaussian distribution  

" Laser ultrasonic method can perform many of the standard ultrasonic testing 
but remotely by non-contact - suitable for use in hostile environment. We 
have highlighted some of our work with W-materials examining:  

 

Wave velocity measurements: 
•  Longitudinal and shear waves (surface waves also possible) 
•  Use of such waves for thickness gauging. 
 

Elastic property determination: 
•  Local elastic properties can be determined from wave speeds 
•  Gross elastic properties can be determined from vibration modal analysis 

" In-situ ion implantation (e.g. H or He loading) / in-vacuo heating apparatus 
coming online to test in-situ material’s response under ion/ heat loading 
capable of obtaining both surface and bulk property changes. (i.e. scientific 
basis for material monitoring data) 

"  Wave excitation and detection possible in 
flexible geometry allowing studies of wave 
propagation studies in surface and bulk 

"  In-vacuo experiment with ion beam loading 
and heating possible 

Some key features of device 

Laser ultrasonics, in addition to standard 
macroscopic flaw detection, can provide the 
following materials property measurements: 

Aims and goals 

Laser ultrasonics [1] is the generation and reception 
of ultrasonic waves in materials - a specialized field 
in ultrasonic non-destructive testing. 
 

e.g.) Thickness gauging of steel pipes in industrial plants 

[1] C. B Scruby and L.E. Drain, Laser Ultrasonics*: Techniques and applications (1990) 

Requires remote, non-contact measurements with 
ideally a small footprint, with high spatial and time 
resolution that can access surface and bulk 
property changes in-situ during plasma operation.  
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Setup 2  

Polytec vibrometer  
• He-Ne laser (633.8 nm) 
• Surface displacement ±75 nm 
• Surface velocity up to 3 m/s 
• Bandwidth up to 24 Mhz 

Setup 1 

Setup 2  
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ultrasonic transducer 

To apply laser ultrasonics, what is required is 
material specific data (e.g. W or RAFM steels).  
 

Our goal is to collect basic data such as sound 
speeds or identify characteristic “signals” that 
can be used for monitoring of material integrity 
applicable in fusion environment . 

Thickness gauging 
Elastic constant measurements 
Monitoring changes of phase / microstructure 
Texture / Residual stress measurements 
Characterization of surfaces and coatings 
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Free vibration of un-damped cantilever beam for gross elastic 
property determination 
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Fig. 1: Surface displacement at the epicenter 
measured at the back surface of PCW sample. 
 
[1] C.B. Scruby, R. J. Dewhurst, D. A. Hutchins, 
and S. B. Palmer, J. Appl. Phys. 51, 6210 (1980)  
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