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Abstract. Repetitiveness, traceability, recording, independence of the operator and 

optimization of the inspection times are the main requirements in Non Destructive 

Inspection of Aeronautical components. In order to ensure them, Robotic Automatic 

inspection can offer many advantages compared with manual techniques. 

Additionally in this paper it will be described the integration of two novel 

technologies in a Robotic Solution: Laser Ultrasonics and Air Coupled Ultrasounds. 

Laser ultrasonic technology combines two lasers in order to perform the inspection of 

the part: a short-pulsed laser for generation (CO2 laser, < 100ns) and a long-pulsed 

high power detection laser (Nd:YAG, >500W) coupled to a high-bandwidth optical 

interferometer to measure the ultrasound. Other elements of the laser ultrasound 

system include a high-speed optical scanner to index the inspection point, and a real-

time control system to synchronize and integrate the scanner, lasers, robotic 

movements and all the safety elements required in an industrial environment. 

Ultrasound is generated within the top surface of the composite without physical 

contact or water couplants; the induced ultrasonic wave will always propagate 

perpendicular to the surface thereby enabling testing of parts with substantial 

geometric complexity. Air coupled Ultrasounds are generated with very specific 

Ultrasonic electronic equipment. This equipment has been designed, developed and 

manufactured by Tecnatom under very strict requirements in terms of dynamic range 

and signal to noise ratio. In this study, aeronautical components have been inspected 

with Laser Ultrasonics and Air coupled Ultrasounds, by means of robotic systems, 

and the additional advantages have been evaluated: repetitiveness, control of results, 

increase of the production rates by increasing inspection velocities, inspection in 

industrial environment (safety, control motion, inspection process in integrated 

mode…) 

Introduction  

The world of Non Destructive Inspections today is constantly improving, as fast as 

technology allows. As a result, the presence of composites in structures is increasing every 

year, with new materials and new geometries emerging. This has made necessary to innovate 

in the development of ultrasonic techniques, from conventional ultrasounds to phased-array 

technologies (pulse-echo and through transmission) and of new innovative techniques, such 

as laser ultrasonics and air coupled Ultrasounds. In parallel to this evolution, TECNATOM 

identified the need of using industrial robots for Non Destructive Inspections, fulfilling 

specific requirements of quality, safety and industrialization. For this reason, a development 
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in Robot control was carried out in collaboration between TECNATOM and KUKA 

Robotics. TECNATOM has developed an inspection platform combining industrial robots 

and specific technological products to serve the aircraft manufacturing sector, this meaning 

an Automated, Integrated and Industrial Non-Destructive Inspection Process. These robotic-

based systems ensure accuracy, reliability, availability and good maintenance programs to 

inspections. 

Laser Ultrasonic Inspections  

1.1 Laser Equipment 

Always use paper of A4 size. The type area is 15.6 cm wide and 25.2 cm high. This area must 

be used to the maximum, and at the same time must not be exceeded. The following margin 

settings in MS Word will produce the correct result, for A4 size paper: top 2.5 cm; bottom: 

2 cm; left and right: 2.7 cm.  

 

Fig. 1. Schema LUS Inspection.  

 

Below are described the main components of such systems: 

 

1.1.1 Generation and detection lasers 

The operating principle of Laser Ultrasonic Technology is based on the synchronization 

between the two superimposed lasers to be able to generate and detect ultrasound in the 

materials. For composite materials, nowadays most adapted laser to generate ultrasound is 

the CO2 laser. Its efficiency is good enough to generate ultrasound on 20 or even 40 mm 

thick parts in a pulse echo configuration. 

The detection laser requires a long pulse characteristics with a wavelength adapted to 

the interferometer. Nd - YAG or Yb lasers are suitable for this purpose. 
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1.1.2 Interferometer 

The interferometer allows extracting the information contained in the detection laser which 

is reflected from the part. That information is coded in phase modulation. The interferometer 

translates this phase modulation into an intensity modulation that can be measured. 

1.1.3 Photo detector & Acquisition chain 

The photo detector, as part of the detection chain, is associated to the interferometer. The 

most of the time, a dark surface like the composites one doesn’t reflect so much light into the 

collecting system. This phenomenon is also amplified working with high incidence angles. 

This is the reason why special efforts shall be dedicated to have an electronic circuit able to 

reduce the noise and adjust the gain in order to perform the inspection with very low light 

level back from the part. The photo-detector sensitivity must be large enough to overcome 

that constraint. The collection system shall be adapted to detection spot size in order to 

optimize the flux collected in the optical fibre (at least equal to detection spot size). There is 

no particular guideline in the choice of the optical system design, except the depth of field. 

In order to recover data, the analogue signal must be converted into an exploitable 

digital signal. The different parameters of the A/D converter must be carefully chosen 

according to the other elements of the system (mainly the detection chain characteristics) 

1.2 Laser Inspection Benefits 

Laser Ultrasonic technology is one of the most innovative in the field of non-destructive 

testing. TECNATOM proposal using Laser Ultrasonic Technology combined with robot 

based inspection (Rabit Technology) has both the advantages of laser Ultrasonic inspection 

and the ones from integrated and robotic-based systems. 

� No need of couplant  

� High tolerance relative to the incidence angle of the laser beam with the part (± 20-35º) 

and to the distance from the scanning optical on head 

� Ability to detect defects up to 40 mm depth 

� Productivity: Reducing inspection times. This reduction is bigger for complex shape 

components. 

Air Coupled Ultrasound 

2.1 TECNATOM low frequencies and high dynamic range module (FTT-2) 

TECNATOM has developed a new transmission module of low frequencies (probes from 50 

kHz to 10 MHz): FTT-2. This is an ultrasonic dual module compatible with SONIA ® 

architecture designed for Through-Transmission (TTU) applications. This module is divided 

in two submodules, 2 complete channels, with high power pulser (FTT-2T) and high dynamic 

range receiver (FTT-2R). 
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Fig. 2. FTT-2 Through Transmission with high dynamic range modules developed by TECNATOM.  
 

This module is still under validation but TECNATOM presents it as a sure bet to 

technology and innovation in low frequency equipments.  

In addition to the use of a Through Transmission module with high dynamic range 

and capacity of inspection at low frequencies like the FTT-2 module, highly sensitive air-

coupled transducers are needed to perform an air coupled ultrasound inspection. 

 

 

Fig. 3. FTT-2 Air coupled UT Inspection with FFT-2 module developed by TECNATOM.  
 

2.2 UTA Inspections Benefits 

An aspect that has a fundamental influence on the NDT inspection of aeronautical 

components is the geometry of parts. In this respect we may have to deal with the complex 

geometries in components of great size and length. 

Because of these complex geometries, a flexible Non Destructive Method, carried out 

without coupling, like Air Coupled Ultrasound, is proposed, taking advantage of non-contact 

inspection. Moreover many components, such as honeycomb parts, have surfaces that could 

be compromised by coming into contact with typical coupling agents such as gels, mineral 

oil, or water. The use of air-coupled ultrasound appears to show promising as a means of 

overcoming some of these obstacles. 

Summarizing, the advantages of Air Coupled Ultrasound technique are listed below: 

� No need of contact  

� Allows for rapid inspection of large structures 

� Prevents materials contamination 

� Required for parts with foam and paper-based cores which are not suitable for water 

coupling detection and are very attenuating materials 
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Fig. 4. Air coupled UT System based on Rabit Technology (Robotic) supplied by TECNATOM.  

 

Industrial NDT Inspections 

During a non-destructive inspection of aircraft components in an industrial process, is 

essential ensuring that every detail is controlled. In the current context the complete 

inspection process of aircraft and industrial components requires several steps integrated in 

a single procedure. 

The inspection overview begins with the acquisition of the CAD file for the part, 

which may be the one from engineering or reconstructed by FALCOM-3D, if not yet 

available or if final component does not correspond completely with available CAD, due to 

deformations in the part. Once the CAD file has been obtained, the next step is the automatic 

generation of the trajectory over the CAD by GENTRAY 3, ensuring 100% surface 

inspection including aerodynamic face, edges, windows… After this, it is time to execute 

this trajectory but first, a 3D simulation of it, is carried out including robot movements, 

collision checking and trajectory feasibility. Once the trajectory has been validated, the final 

trajectory file is automatically generated. Before the last action, a rototranslation of the part 

should be performed, in case the position of the part has changed or is not precise. FALCOM-

3D takes points for rototranslation, also called ‘Three Point Correction’ and our software 

function is to automatically adapt the trajectory to the new position of the part. Acquisition 

parameters are set up in InspectView® software as well as Acquision and evaluation of the 

acquired data. All these tools and SW modules are developed by Tecnatom. It is important 

to mention that safety issues are also controlled by the solution, and in the case of Laser 

Ultrasonic Inspections not only robotic safety parameters are under control, but also those 

aspects concerning high power laser related safety. 

3.1 HW & SW Improvements 

Thanks to the experience and knowledge gathered along four decades in Nuclear Power 

Plants inspections, TECNATOM joined the aerospace market in the 90’s, developing several 

automatic NDT systems (integrating HW and SW components) delivered all along the world. 
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SONIA® is a new electronic architecture system for non-destructive testing (NDT) 

applications using ultrasonic (UT) techniques. The architecture of SONIA® is innovative as 

much as it has been designed to acquire ultrasonic signals in the proximity of the sensors and 

transmit them to the acquisition computer using digital fibre-optic links. This allows the 

length of the analogue lines to be reduced to a minimum, thus increasing the signal/noise 

ratio of the signals and simplifying the integration of the data acquisition system in large 

machines, such as those used in the aeronautical sector, for example. 

The SONIA® system can be managed from InspectView® software package 

supplied by TECNATOM or can be integrated into the customer UT SW application via a 

set of libraries (SONIA® DRIVER) that allows low-level control and configuration of the 

electronic modules. 

 
Fig. 5. SONIA® modules.  

 

InspectView® is the TECNATOM software suite solution for the whole NDT 

inspection process: definition and planning, trajectory calculation, machine control, 

calibration, acquisition, evaluation, and report generation. 

It is important to point out that the entire ultrasonic inspection process is integrated, 

from the definition of the inspection part to the evaluation of the acquisition data, considering 

also machine control, where all the components of the system are managed from a single 

application. 

The latest capabilities developed in InspectView® allow TECNATOM to maintain 

the competitive level of its ultrasonic inspection products and services. 
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Fig. 6. Summary of the capabilities of INSPECTVIEW® for ultrasonic inspections.  

 

3.2 Advantages from Rabit technology 

In order to ensure repeatability, traceability and optimization of the inspection times Rabit 

technology is considered. 

The main advantages from Rabit technology are listed below: 

� Integrated system with powerful HW-SW technology that enables the integration of the 

complete inspection process: learning of part geometry, CAD reconstruction and 

Automatic Trajectory generation, simulation and post-processing of the generated 

trajectories for final validation, integrated inspection process from definition of the 

parameters to the evaluation process including management of robot movements and also 

safety components. 

� Flexibility: incorporating different solutions to increase its performances: Robot over 

track, Robot holding the parts, hanging robot… 

Novel NDT Technologies by means of Robotic inspections 

4.1 Laser technology integrated in robotic system 

The laser ultrasonic system is integrated in the Rabit inspection cell ensuring not only 

software and hardware integration but also safety requirements. With this integration of laser 

systems with Rabit Technology there is no need for the operator to access to the inspection 

area during the inspection, reducing steps and achieving a big automatization of the process, 

in order to get high productivity. 

The configuration offered by Tecnatom for the inspection of detailed parts using 

Laser Ultrasonic Technology is TecnaLUS based on the product developed in the research 

project in collaboration with EADS and AIRBUS Defense and Space. This product has a 

robot holding the part to be inspected, that is oriented in front of the static Laser scanning 

Head. Taking into account the dimensions of the parts a linear track could be included. In 
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this case the main advantage of the system is the reduction of the inspection time, because of 

the robot movements required in detailed parts. 

 

 

 

Fig. 7. Laser Ultrasonics integration.  

 

4.2 Air Coupled Ultrasound integrated in robotic system 

TECNATOM supports the integration of new NDTs techniques with industrial robots and 

specific technological products in order to develop an Automated, Consolidated and 

Industrial Non-Destructive Inspection Process. In case of Air Coupled Ultrasound this 

development is presented as a novelty. The integration of KUKA technology with new HW 

designs such as FFT-2 module is a clear example of the constant challenges considered by 

TECNATOM in order to look ahead in technological developments. 

 
Fig. 8. Air Coupled Ultrasound integration.  
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Fig. 9. Air Coupled Ultrasound robotic solution.  

 

Conclusions 

Non Destructive inspection of components with complex geometries are carried out mostly 

in manual mode with the consequent dependence on the operator, not having register of the 

inspection and increasing inspection time and costs.  

Integration of Rabit Technology (Robotic Systems) with ultrasonic methods like laser 

Ultrasonic Inspection or Air Coupled Ultrasound, are appropriate solutions for the inspection 

of detailed parts with complex geometry or parts that could not be contaminated, increasing 

productivity rates and also quality of the manufacturing process, including in this one the 

Inspection stage. 

In addition, this integrated solution involves different stages in the inspection process: 

teaching for the generation of the geometry file, automatic trajectory generation, 

postprocessing, 3D simulation, rototranslation, control of robots, acquisition, evaluation, 

reporting, control of auxiliary devices and safety. These phases cause the system to be 

flexible and adaptable to the needs of each client. 


