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Abstract 
 
The aim of this communication is to compare different ultrasonic phased array imaging 
methods applied on carbon fiber composite structures. First, real time phased array 
methods as for example focused line scan, single plane wave imaging, dynamic depth 
focusing… were applied to the inspection of a composite plate and confronted in terms 
of sensitivity of detection, number of processed signals, acquisition time, total time of 
inspection and data processing. It was then possible to establish criteria, according to 
the defect sought and operating conditions, in order to favor the use of a specific 
imaging method over another by identifying the performances and limitations of each 
one of them. In case of thicker or more heterogeneous composite plates, it seemed 
useful to develop an ultrasonic imaging method taking into account the anisotropy and 
the attenuation of the composite material. Thus the Total Focusing Method and Plane 
Wave Imaging algorithms were modified by considering the effects of the composite 
material anisotropy and attenuation on the ultrasonic wave propagation, and thus on the 
ultrasonic imaging.  
 
 
1.  Introduction  
 
Conventional real-time phased array methods are usually sufficient to inspect composite 
structures with a low degree of heterogeneity as for example composite carbon fiber 
panels, carbon stiffeners… For these applications, the objective is to select the most 
relevant conventional method to improve the sensitivity of detection and the inspection 
speed. In case of more heterogeneous composite structures as for example wind turbine 
blades, boat hulls, pressure vessels… these usual methods are inefficient to image finely 
the thickness of the structure. Thus, we propose to improve the imaging methods by 
taking into account the material properties (angular variation of the phase velocity and 
attenuation) in the focusing algorithms. Rather than studying conventional phased-array 
methods based on ‘line by line’ reconstructions, the present work focuses on TFM 
(Total Focusing Method) and PWI (Plane Wave Imaging) because of their ability to 
provide optimal contrast and spatial resolution everywhere in the near-field of the array. 
In this communication, TFM and PWI are first optimized to image composite materials, 
and then evaluated with simulated and experimental data.  
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2.  Evaluation of real time phased array methods 
 
Conventional real time phased array methods as for example focused line scan, single 
plane wave imaging (1), dynamic depth focusing (2) are evaluated on a carbon epoxy 
aerospace standard including flat bottom holes. The objective is to evaluate these 
methods in terms of sensitivity of detection, signal-to-noise ratio (SNR) and inspection 
speed in order to favour the use of a specific method over another in agreement with 
industrial requirements. The signal to noise ratio (SNR) and the measured sizes of 
defects are plotted in below Figure 1. 
  

 
Figure 1. Evolution of (a) SNR and (b) sizing defects as a function of imaging methods. 

 
Results revealed that focused SPWI (Single-Plane Wave Imaging with focusing in 
receive mode), focused line scan and focused line scan with DDF (Dynamic Depth 
Focusing) offer the best SNR and a greater accuracy in the defect characterization. 
Focused SPWI gives the fastest inspection speed with a maximum acquisition frequency 
equal to 1413 Hz, while the scanning speed is reduced to 262 Hz for the focused line 
scan associated with DDF and to 292 Hz for the focused line scan. 
 

Table 1. Maximum of the inspection speed. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
These conventional real-time phased array methods give satisfying results to inspect 
thin composite structures with low heterogeneity. In case of thicker or more 
heterogeneous composite structures (for example with glass fibers), some structural 
noise disrupts the image resolution and the sensitivity of detection. Thus, in the next 
section, the anisotropy of materials will be taken into account in some focusing 
algorithms to improve the imaging of this kind of composites. 
 
 
 

Conventional real-time methods Maximum  acquisition frequency 
(Hz) 

Focused line-scan  + DDF 262 

Focused line-scan 292 

SPWI 1149 

SPWI (with sums in receive) 1225 

Focused SPWI (with delays and sums in 
receive) 

1413 
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3.  TFM improvements for anisotropic materials 
 
In this section, the Total Focusing Method (3) and Plane Wave Imaging (4) algorithms 
are modified in order to take into account the anisotropy of phase velocity and 
attenuation related to elastic waves propagating in the composite material (5). These 
modified algorithms were validated on ultrasonic data simulated with CIVA. As 
illustrated in Figure 2, considering the phase velocity anisotropy of elastic waves in the 
TFM and PWI methods improves the resolution and sensitivity to defects simulated in 
an anisotropic material. 

 
Figure 2. TFM (a and b) and PWI (c and d) images in an anisotropic plate assuming isotropic (a, c) 

and anisotropic (b, d) wave propagation model. 
 
Finally, these modified TFM and PWI algorithms were tested on a 30 mm-thick carbon 
composite plate with side drilled holes of 1,5 mm diameter. On this sample, the 
experimental results are not as clear as those obtained with simulations. The high level 
of heterogeneity adding to the material anisotropy disrupts the wave propagation and 
degrades drastically the SNR. Better experimental results could be surely obtained on 
less heterogeneous composite materials. It could be also interesting to test theses 
modified algorithms on austenitic materials or crystals to evaluate theirs performances. 
 
 
4.  Conclusions 
 
In this communication, a comparison of conventional real-time ultrasonic phased-array 
methods has been done to inspect a flat carbon fiber structure to determinate the 
advantages and the limitations of each method according to the industrial requirements. 
Then, the Total Focusing Method and Plane Wave Imaging algorithms were modified to 
take into account the anisotropy of composite materials. These modified TFM and PWI 
algorithms were firstly validated on simulated data and then applied to image a 30-mm-
thick carbon fiber composite plate with artificial defects. During the oral presentation, 
the performances and the limitations of these modified TFM and PWI algorithms are 
finally discussed in terms of reliability, spatial resolution, robustness according to the 
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material properties... and compared to conventional Bscan images with focused or plane 
emissions. 
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