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ABSTRACT: 

The non-destructive testing techniques, particularly ultrasound and thermography have for several years been 

important developments related to the development of new sensors and digital techniques for storing and 

processing information. These techniques allow in particular to develop, for the field control devices whose 

technology was previously reserved for military or medical fields. 

Devices now offer visualizations as imaging, eg ultrasound transposed used by physicians. This represents a 

significant improvement over conventional ultrasound, which gave only a local view, untraceable, and 

interpretation can be complex, especially for non-specialists, echoes from the inspected area located right sensor 

The price of these new control equipment also tends to decrease, making them accessible to a large number of 

manufacturers. 

So, ultrasonic TOFD method is used to size cracks, lack of fusion or other defects having a dimension in the 

thickness of the examined through a two-dimensional representation of “ultrasonic” sectional views " of  inside 

of the material . In this case, the diffracted and reflected echoes are displayed, and enable location of the ends of 

the discontinuities in the material. Reproducibility and speed of application of the method is such that it allows, 

for example, the monitoring of fatigue cracks during the life of the equipment. 

Phased arrays (or Phased-Array) ensure the same functionality as traditional ultrasound, but with the advantage, 

as TOFD, representation of views in the material (sectional views and top views) .. Another advantage over 

traditional ultrasound "single elements" and TOFD lies in the ability to generate multiple ultrasonic beams 

adapted to control requested. It is thus possible to vary electronically the angle of incidence of the beam, focus 

the energy at different depths, or perform scans electronically without moving the sensor, which provides instant 

two-dimensional visualizations. 

Thermography has also developed considerably with the advent of very sensitive cameras and application of 

signal processing for shooting thermographic with impulse excitation: it is the active thermography, which 

detects cracks on the surface of metallic components. 

These new techniques used in the laboratory, in the factory or on site, represent an important advantage for 

industrial non-destructive testing: 

• They provide traceability through the data acquisition 

• They can provide time-saving control through digitization 

• They allow for greater ease of communication of results to non-specialists, with associated imaging 

• The ultrasound allows in some cases to replace the X-radiography, where a gain in terms of radiation exposure 

of workers, and a cycle time shorter full control. 



 

 

 

• The active thermography, which applies without contact with the part under inspection, in some cases could 

represent an alternative to dye penetrant testing and magnetic particle testing. 

Finally, the simulation of ultrasonic testing has grown significantly in recent years and is a tool available to 

industry, for example through the development of software such as CIVA (CEA-EXTENDE). Simulation to 

calculate and visualize the scope of the ultrasound beam and the ultrasonic response of a component based on its 

characteristics and phased array ultrasonic sensor mono or modeled. This tool allows to save models, to integrate 

control in the design documents, and prepare laboratory tests before applying them on site. 

Standardization takes into account, with a delay, of these developments. Thus, TOFD and Phased Array methods 

are standardized or being standardized at European and international level. . 

This presentation will therefore put forward the evolution of ultrasonic testing and thermal infrared methods, 

their industrial interest in terms of environmental impact, and the gain from the use of traditional methods of 

nondestructive testing of pressure vessel components. 
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1 – Evolution of ultrasonic method 

 

Traditional ultrasound gives a local signature response of the material in the region of the part 

that is probed by the sensor. The new ultrasonic methods give meanwhile, information in the 

form of a traceable image, which provides a view of the entire component. 

1.1 –The TOFD method 

This is a method that is "enlight" or "insonify" the inside of the component with a strongly 

divergent acoustic beam. The method is practiced with a sensor transmitter and a receiver, and 

operates the waves diffracted by the ends of cracks. It therefore gives answers rather 

insensitive to the orientation of the fault (Fig. 1), unlike traditional ultrasound. The method is 

practiced by moving the pair of sensors along the inspection area, to record the echoes 

obtained, and juxtaposing to create an image "B scan" which represents a section of material 

perpendicular to its surface. It allows sizing defects and its reproducibility allows monitoring 

of cracks over time. In (Fig.2) is given an example of “crack life pictures” during fatigue. The 

pictures obtained by TOFD enable survey of the progress in depth of the crack on a shaft 

during a  bending-rotation stress. 

 



 

 

 

    

Figure 1: Principle of Time of Flight (TOFD) ultrasonic inspection (left ) and shaft 

under test (right) 

 

Figure 1:  

 

 

 

Figure 2: Evolution of a fatigue crack on a shaft during a bending-rotation stress 

 

Advantages of TOFD method 

The advantages lie in the reproducibility of control, speed (over 300mm / s) and 

traceability. In addition, the imagery created allows a global view of the component and 

facilitates interpretation. The sensitivity and the reproducibility of TOFD recordings allow 

the monitoring of fatigue cracks, in shop flor and site conditions.  

 

1.2 –The phased array ultrasonic method 

Unlike TOFD techniques that exploit the diffraction of ultrasonic phased array ultrasonic 

method uses the same principle as the ultrasound Ultrasonic method "classic" single 

elements. 

The method, derived from its medical equivalent is to use piezoelectric ultrasonic sensors 

sectored into several elements. An electric excitation with adequate delay laws, produces 

electronically scanning part and angularly deflecting the acoustic beam(Fig3). 

This method is advantageous to obtain rapid ultrasonic "slices" of mechanical 

components, and allows to obtain reflection images of inside of the component, with 

access to one side only of the component. In the case of mechanical transmission shaft as 

shown in Figure 4 the advantage over ultrasonic single element traditional techniques 



 

 

 

consists in the global visualization of the component and overall less sensitivity due to 

spurious indications due to geometry of the product. Is given in Figure 4 (right) a view of 

a sensor device used to create mapping and placed on the end of the shaft. In Figure 5 is 

given the principle of different beam configurations enabling the testing of all the body of 

the shaft. In Figure 6 (left) is illustrated an example of ultrasonic mapping realized with 

Fault display, showing the interest of global viewing of inside of the shaft, which is more 

than 1500 mm long, obtained with phased array imaging technique. 

 

 

Fig 3: principle of phased array ultrasonics 

 

 

 

Figure 4: Presentation of a shaft in its industrial context and Phased-array 

transducer experimental setup with angular position encoding of the transducer 
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Figure 5: Sectorial acoustic beam steering on a shaft 

  

1.3 Contribution of simulation 

Simulation of ultrasonic testing has grown significantly in recent years and is a tool available 

to industry, for example through the development of software such as CIVA (CEA). 

Simulation is used to calculate the ultrasonic response of a component based on its 

characteristics and mono or multi-element ultrasonic sensor used. The result of the 

calculations is given in the form of maps (also called cartographies) superimposed with the 

CAD map.   

An example of simulation of the ultrasonic response applied to the shaft described above is 

given below. It is noticeable that the simulation maps meet correctly the acquired ultrasonic 

images.  

Advantages of simulation 

 

This tool allows to save part models, which are costly, and to integrate Non Destructive 

Testing to the design and parts, and prepare tests in laboratory before their applications on 

site.  



 

 

 

 

Figure 6: Acquisition results: B-scan and S-scans with located 215mm and  

512 mm defects-left, modeling the response of defects  

(B-scan and S-scan-right) 

1.4 Normative context of ultrasonic methods 

The ultrasonic methods described are subject to commercialization of equipment. The TOFD 

method is included in European and American standards that make its use possible, including 

in regulated sectors such as pressure vessels. Finally, training of operators who aim to be 

certified under the European Standard EN 473 are offered by some specialized agencies, such 

as CETIM. The phased array ultrasonic method is currently being normative work through 

COFREND and AFNOR. European texts that will apply should not delay to appear. 

2 – Active Thermal infrared method 

Another major trend of the development of non-destructive testing methods is the 

development of thermographic methods. 

This development is due to two causes: 

- The appearance on the market of optical cameras infrared sensitive, affordable, 

-The ability to apply signal processing to thermal images to extract from parasitic parameters 

of the image the useful information. This treatment is to examine the changes in the surface 

temperature of the component, and not its absolute value. Control conditions thermal 

excitation (or modulated pulse source), enables the treatment of the thermal image with a 

"signal processing" approach. These new opportunities can be maximized for the control of 

surface defects in metal products. 
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The control process is described as follows: 

- It warms the surface of the test piece with a heat source such as an inductive device, which 

creates a warming through the production of eddy currents (Fig. 7, left). 

- It examines the evolution of the fine surface temperature. The presence of a defect in the 

material will block the propagation of heat and cause a rise in the surface temperature, which 

appears in the image after processing (Fig. 7, left).  

Tests under active thermal infrared method have been made on forged products, on industrial 

site. The images taken show that the crack detection by active thermography (Fig. 7, right) is 

right comparable to that obtained by magnetic particle inspection (MPI) and Dye penetrant 

(Fig. 8). 

The advantages of the method is that it is fast to operate (a few seconds for shooting and 

processing), and the absence of physical contact with the part under inspection. In addition, it 

does not use chemical or solvent as MPI and Dye penetrant. 

 

  

 

Fig. 7: Active thermal infrared principle, and application on a cracked ball joint.  

 

 

Figure 8: Detection of surface defects on a cracked ball joint by conventional methods 

(magnetic particle inspection) 

 

 



 

 

 

3 The computed tomography 
 

The traditional radiographic inspection consists in impressing an argentic cliche by X rays 

having passed through the component under inspection. The process needs chemical waste to 

be treated after use. New equipment use now digitized radiographic flat panels, enabling 

production of digitized X-Ray images of the component. A first application of this technology 

is digitized radioscopy. A second evolution consists now to produce 3D images of the 

component been inspected, by turning it in the X Ray focus and acquiring the images 

produced like in medical scanners.  

 

Advantages of computed tomography 

As in medical scanner, reconstruction techniques allow to build cuts in different planes of the 

material, and having a three dimensional view of inside of the component. The advantages 

consist in enabling positioning and sizing of the faults in the whole body of the part. It enables 

testing of complex shape parts and gives geometric information about the outside and inside 

of the part. In fig 9 are given images of delaminations produced by a standardized mechanical 

30J impact on a carbon fiber composite 3mm thick sample part. In figure 10 is given a 

comparison of the images obtained by thermal infrared inspection and Computed tomography. 

It is noticeable that both methods enable characterization of the delamination at different 

depth in the material. Sizing of delamination by both method meet correctly. 

 

 

 

 

 

 

 

 

 

 

Figure 9: Computed tomography of composite component having a 30J impact 
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Fig 10: Comparative Computed tomography/Thermal infrared inspection of composite 

component having a 30J impact 

 

4 Conclusion: what impact for pressure vessel industry and 

environment? 

Developments of ultrasonic imaging methods represent, in some cases an efficient 

alternative to industrial radiographic testing. This leads to greater productivity (reduced 

cycle time) and the absence of ionizing radiation, the use of which is becoming 

increasingly restrictive due to regulation evolution. The lack of use of chemicals is also 

a plus. 

The evolution of normative texts will accompany this change.  

Thermal infrared testing are very sensitive for delamination detection on composite 

parts, but needs some industrial validation on metallic parts, to complete the promising 

results obtained by CETIM.  

Given the novelty of the application of thermography on metallurgical product, there is 

no normative text on the subject.  

Finally, digital radiography with the evolution of sensors will play an increasingly 

important market to eliminate the use of chemicals traditionally used. RX tomography is 

an important development as it is currently the only method for imaging the complete 

volume of components and defects in three dimensions. 
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It is notable also that the techniques described in this article provide digital images 

which facilitate archiving and transmission. 

These techniques generate large volumes of digital data that require structured archiving 

strategy when, as is often the case, the capitalization of results is needed. 

These techniques are finally a part of answer to the guidelines of the European project 

Reach which regulates the industrial use of chemicals i.e. that used in conventional 

radiography, magnetic particle, and liquid penetrant. In the field of the protection of 

workers, industries must take into account the imperatives of reducing exposure to 

ionizing radiation and chemicals. These new methods answer such new need.  

All this leads to a strong industrial demand for alternatives to traditional control 

methods, and potential are offered by ultrasonic imaging methods, active thermography, 

and digital radiography in two or three dimensions. 

 


