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Abstract. Aerospace industry is moving towards more integrated composite 

structures in order to reduce autoclave cycles and assembly operations, which leads 

to considerable cost, time and energy savings. However, the main drawback of this 

approach is that no inspection solution at a reasonable cost is given by ultrasound 

equipment in the market, because of the geometry complexity and access restrictions 

to those parts. 

 NUTHIC E! 8929 project (partial financed by Eurostar Program H2020)  

develop an adaptive and fully automated air-coupled ultrasound inspection system 

for highly integrated composite components, whose complex geometries and 

difficult access prevent using state of the art equipment. 

 The goal of this project is to provide the aerospace manufacturing industry with 

an adaptive and automated non-contact ultrasound inspection solution for highly 

integrated composite parts 

 This paper presents the final results of the project on multi spar structures, all 

of these measures with non-contact ultrasound technique, avoiding water coupling 

and reducing inspection time by integrating the inspection machine into the clean 

environment of the production line. 

1. Introduction  

Manufacturing composite parts with a high integration level introduces new challenges for 

ultrasound inspection systems. On one hand, as integration lowers manufacturing time, 

inspection time should be reduced accordingly, or at least not increased, to achieve an 

overall reduction of production costs. On the other hand, quality requirements cannot be 

relaxed, and the inspection solution should provide, at least, the same performance as 

current systems. Furthermore, inspection of 100% of the part must be warranted, regardless 

of the access restrictions that these new components impose. 

In the aerospace industry, practically all automated inspection systems for 

composites use water as the coupling medium between the transducer and the part. This 

procedure usually requires moving the part from the clean zone of the manufacturing line to 

an inspection zone where water can be used, a time consuming process especially for large 

components. Furthermore, if a defect is found and the component has to return to the 

manufacturing zone, drying and cleaning procedures slow down the process even more. 
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NUTHIC E! 8929 project (partially founded by Eurostar Program H2020) is aimed 

to develop an adaptive and fully automated air-coupled ultrasound inspection system for 

highly integrated composite components, whose complex geometries and difficult access 

prevent using state of the art equipment. The goal of this project is to provide the aerospace 

manufacturing industry with an adaptive and automated non-contact ultrasound inspection 

solution for highly integrated composite parts. 

2. NUTHIC organization, main challenges and methodology 

2.1 Consortium 

NUTHIC project started in the early 2015, with a duration of 36 months and a global 

budget around 1.6 M €. The consortium is formed by two countries (Spain and UK) and 3 

companies (DASEL, ASG and INNOTECUK), with the assistance of two subcontracted 

research organizations (CSIC and FIDAMC), Figure 1. 
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Fig. 1. Consortium resume: DASEL, ASG and INNOTECUK partners; CSIC and FIDMAC RTD. 

 

2.2 Main Challenges of NUTHIC project 

 

The challenges of NUTHIC focus on three main areas: 

 

 Develop a novel air-coupled ultrasound array technology, with large bandwidth and 

low insertion losses. Such a technology is not commercially available and must be 

developed by the consortium. The main challenge is to adapt the high acoustic 

impedance of the transducer to the low impedance of air to minimize insertion 

losses and get an acceptable sensitivity while achieving a wideband response of the 

transducer and a high spatial resolution [1]. 

 

 Obtain air-coupled inspection techniques with resolution and sensitivity comparable 

to the water coupled solutions actual state of the art. Although arrays themselves 

improve inspection speed when compared to single-element transducers, that is not 

enough for air-coupled applications. For example, slight misalignments or subtle 

changes in the component geometry, can lead to a strong modification of the 

ultrasound path because of the large refractive index between air and composite 

materials, probably producing severe signal losses. This is an important challenge 

for NUTHIC. 

 

 Development of an adaptive inspection device able to move inside closed structures 

of changing shape. Such device will be placed inside the closed structure to be 

inspected and will be guided by its inner walls that act as a reference. No elbows or 

big change of curvatures are expected. A motorized solution will be provided to 
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control the inspection device position inside the closed structure and a set of sensors 

will be used to monitor its real position in relation to the starting point. The 

mechanical structure will be designed to be easily adapted to different sizes of 

internal boxes. The second inspection head will track the inner device to perform 

through-transmission inspection. Coordination between both devices is essential, 

being another of the project challenges. 

 

2.3 Consortium members and main tasks 

 

DASEL is in charge of the ultrasound system development, due to its experience in the 

design and manufacture of inspection systems (conventional and phased array). For this 

task, DASEL subcontracted also the Spanish National Research Council (CSIC), who has 

developed an innovative process to manufacture transducers and array probes adapted for 

emission and reception in the air. Preliminary trials have shown the potential of this 

technology for the inspection of composite material, with improved resolution and contrast 

because of their focusing and linear scan capabilities, as it is shown in this work. 

INNOTECUK and ASG work together to develop a highly modular and adaptive 

robotics.  The solution devised by the consortium is to develop a compliant robot able to 

travel inside the parts, while adapting to the changes in geometry, coordinated with a 

second inspection head that will cover the part from the outside, allowing to apply trough-

transmission techniques. An objective of this project is to obtain a flexible solution that 

allows an easy reconfiguration for different structures.ASG receive the support of 

FIDAMC, a composite research centre part of EADS group that has been subcontracted.  

The role of FIDAMC is to define the set of components representative of actual 

configurations in the aerospace manufacturing industry, to which the development of the 

scanning head will be first targeted in the project. This is essential to get, by the end of the 

project, an inspection solution ready for the composite market. FIDAMC will manufacture 

mock-ups with artificial defects to validate the proposed solution. 

3. Description of the NUTHIC technology demonstrator component 

In order to demonstrate the capability of the NUTHIC technology developed by the 

consortium, different prototype components were evaluated, a component was selected that 

met the initial objectives of the project. This had to meet: low or no accessibility for 

inspection from the outside, geometry of the variable component. 

 Finally, the Multispar component was chosen, which has been manufactured in 

laminar carbon fiber, made up of 3 longitudinal drawers where the drawer section varies 

from 126.5 mm x 114 mm (minimum section) to 318x 357 mm (maximum section) These 

drawers extend over a maximum length of 6800 mm, with a total width that varies between 

925 mm and 324 mm. 

 Figure 2 shows the variation in section of the component; inside these drawers is 

where the inspection robot must perform the sweeping of the side walls.  
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Fig. 2. a) Variation between ends of the drawer section of the Multispar component. b) Transducer array 

configuration. 

 

The NUTHIC system focused on ensuring the inspection of non-accessible areas (inside the 

caissons), therefore the lower and upper areas are beyond the scope of this project. 

 

4. Robot explorer  

 

In Figure 3, you can see the robot developed by INNOTECUK which can be adapted to 

both the variations in height of the component and the width of the seism. 

 This robot has the ability to explore the entire component and adjust to variations in 

sections, and has a system for positioning the transducers at different heights of the 

component. 

 

 
Fig. 3. a) Robot bag expanded to cover the Top sections. b) Robot bag compressed to cover the sections 

Botton. 

 

4.1 Transducer alignment and guidance system 

 

The parallelism of the transducer array is guaranteed thanks to pneumatic pistons that keep 

the array parallel to the wall.   

 In order to simplify the mechanical exploration, it was chosen to use the magnetic 

drive system, providing the probe holder with a set of neodymium magnets. 
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Fig. 4.UT holder  with Neodymium magnets in transmitter side. 

 

5. Development of Ultrasonic transducers 

 

In order to cover the entire inspection area with the least number of scanning, the two-

dimensional array [2 -3] was designed as shown in Figure 5. 

 This array is completely modular, organized in 8 linear elements and 4 rows 

displaced 6 mm between them. This displacement is calculated based on the diameter of the 

transducer which is 12x12 mm, thus allowing having a pitch of 2 mm which fits the 

resolution requirements of Ultrasound inspections in the Aeronautical sector [4-5]. 

 

 
Fig. 5. a) Individual element of 12x12mm. b) Full array of 32 elements. c) Developed array. 

 

5.1 Characteristics of the developed UT array 

 

In order to minimize the size of the transducer without losing bandwidth, sensitivity and 

resolution, we opted for a 250 kHz square transducer, where the characteristics are 

summarized in Figure 6. 

 
Width Length Pitch Frequency Total 

length 

Preamp 

Included   

Bandwidth 

12mm 12 mm 2 mm  250 kHz 114 mm Yes 70% ( -20dB) 

 

 
 

 

Fig. 6. a)Summary table of the characteristics of the developed array transducer. b) XZ plane acoustic field. c) 

XY plane acoustic field in z = 20mm. 
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6. Complete inspection system 

 

The initial tests were performed with an 8x1 array, however the NUTHIC system internally 

can control up to 32 emission channels and 32 reception channels. 

 The acquisition on the real component was made at a speed of 50 mm/s, registered 

the advance position with an optical encoder in step of 2 mm. The divergence of the width 

of the component is controlled with the two axial pistons which support the UT transducers. 

On the other hand, a system of springs adapts in every moment the position of the same 

ones. 

 The necessary system gain was 26dB, for a solid laminate of 4 mm, with no need to 

average the signal. The acquisition was made simultaneously on the 8 channels ( the 

crosstalk is below -30dB), recording the entire signal in radio frequency mode (thus 

allowing its further processing). The C-scan representation is made in real time taking the 

maximum of the signal. 

 

 
Fig. 7. a) Ultrasonic system with 8 channels. b) UT C-scan 400 mm. c) Nuthic Crawler. 

 

7. Porosity measurements 

 

The water column transmission method not only detects delaminations but can also 

measure the porosity content [6], which is reflected in the attenuation of the transmitted 

signal. In the case of using contactless technology there are two major limitations: 1) 

Reduction of the frequency of the working Ultrasound signal in an order of magnitude. 2) 

Phenomena of amplitude increase due to resonance within the material, since the 

wavelength is close to the thickness of the laminate. In Figure 8, the porosity measurements 

in a 270x220mm test plate are intercompared using 5 MHz in total immersion vs. non-

contact measurement in air with normalization of amplitude. 

 

 
Fig. 8. a) Attenuation C-scan map 5Mhz. b) Attenuation C-scan map 400 kHz Sonojet. 

 

8. Summary 

 

The NUTHIC project concluded in December 2017, allowing during these three years to 

provide the consortium with a differentiating capacity in the development of flexible 
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inspection systems without contact. It is important to highlight the fundamental action of 

the CSIC in the NUTHIC project, through the TUPACA and MICA research contracts.  

 The non-contact UT technology has shown that it is able to compete with traditional 

immersion methods. 

 The initial tests carried on porosity measurement are very promising, but must be 

corroborated with the manufacture of a set of specimens of different thicknesses and 

porosity levels. 
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