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Abstract 
 
For many years ultrasonic phased-array techniques have been used successfully in the 
industry. The Total Focusing Method (TFM) can improve significantly the 
performances of ultrasonic inspections but for years it has been limited to laboratory 
applications because of the processing power required to post-process all the data. We 
have implemented this technique in real-time on a portable unit allowing to use this 
technique on the field. We’ll present the application of the TFM method to the 
inspection of samples containing hydrogen damages (HIC and HTHA) and compare it 
to traditional phased-array inspections. We’ll also look at other industrial cases to show 
the advantages of the TFM. 
 
1.  Introduction 
 
Phased-array technology has been accepted for many years and used in many NDE 
applications thanks to its flexibility and the major improvement in productivity. They 
can display ultrasonic data as sectorial or linear images (Sscan or Escan) allowing an 
inspector to see instantly a complete zone of the component and thus interpret data more 
easily. These images are obtained by applying time delays to each element of an array 
probe. Increasingly, more advanced operating modes involving the post-processing of 
elementary signals are exploited in NDT. A posteriori synthetic focusing of signals, 
called TFM (Total Focusing Method) is one of the most natural ways of such processing 
and has been proven to be an efficient way of imaging inspected parts at least for 
canonical geometries (1). While this technique presents great benefits, one of the main 
disadvantages is that, up to now, it has been mainly used as a post-processing method 
making it difficult to apply on the field. M2M has developed two portable systems, the 
Gekko and the Mantis that allow real-time TFM reconstruction. This opens the way to 
new imaging techniques in the field. In the presentation we’ll present the principles of 
TFM and show the advantages of this technique in terms of defect detection and 
characterization.  
 
2.  The Total Focusing Method 
 
The TFM imaging technique can be applied to any acquired data; however in Capture 
(Gekko software) it is applied to a dataset recorded from a FMC (Full Matric Capture) 
acquisition to produce an image in a region of the component. The FMC presents the 
advantage of maximizing the information available from a given array composed of N 
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elements by sending ultrasonic energy everywhere in the component; this way potential 
defects can be seen from multiple directions. The FMC acquisition consists in firing 
each element of the array in turn and recording the information reflected/diffracted in 
the component on all the elements. The result of the FMC is a NxN dataset composed of 
every emitter-receiver pair combination of elements in the array. The TFM algorithm 
consists in coherently summing all the signals of the FMC to focus at every points of a 
Region Of Interest (ROI) in a specimen. In Capture, this reconstruction is performed in 
a 256x256 pixels zone with a rate of up to 80 frames/sec. 
 
3.  Application to the inspection of High Temperature Hydrogen 
Attack 
 
HTHA or High Temperature Hydrogen Attack is damage caused through hydrogen 
atoms diffusing into steels that are exposed to high pressure hydrogen at elevated 
temperatures, typically above 400°C. The hydrogen reacts with the carbon and forms 
methane gas within the steel (2).  
 
This process leads to fissuring and decarburization causing loss of tensile strength and 
can be the cause of a sudden catastrophic failure. The image on the right shows a 
specimen metallographically ground and polished using procedures given in Practice 
ASTM E3-01(2007)e1 Standard Guide for Preparation of Metallographic Specimens. 
We can see the small size of the damage induced by the HTHA process. 
 

 
Figure 1. Micrography of HTHA 

 
HTHA has been extremely difficult to detect with the NDT methodology available up 
until recently. The TFM method thanks to its focusing capability offers higher 
sensitivity of detection to small defects such as the micro-cracks generated by the 
HTHA process. 
 
To illustrate the detecting capabilities of the TFM method, we have manufactured a 
steel sample with 3 areas of HTHA damage. The micrograph shown before comes from 
this sample. We use a 10L64 probe with a 0.3mm pitch. The TFM area is positioned at 
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the bottom of the sample where the HTHA would initiate. We use a high-frequency 
probe to minimize the size of the focal spot. 
 
We scanned the sample with a 2D scanner and a Gekko. The following image shows the 
Tscan, Dscan and Cscan obtained for that sample. In the Tscan we can clearly the 
backwall echo. Just above it in three different locations we can see small indications 
representative of HTHA micro-cracking. If we follow one of the HTHA damage along 
the scan axis and look at the Dscan we can see that the HTHA damage just above the 
backwall echo as a succession of small indications.In the Cscan image we can see that 
the HTHA appears as three bands propagating along the scan axis. 
 

 
Figure 2. Micrography (top) and TFM result (bottom). 

 
Despite the small size of the HTHA damage, we see that the TFM technique allows the 
detection of early micro-cracking with a good Signal-To-Noise ratio. The representation 
also makes it easy to interpret the data. 
 
4.  Conclusions 

 
The Total Focusing Method has been implemented for the first time on portable phased-
array units in real-time. Its focusing capabilities has led to successful detection of 
HTHA damage particularly at an early stage before the damage can be problematic for 
the installation. In the presentation, we’ll show more examples of HTHA and other 
defects detected using the TFM technique 
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