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Abstract 

Nowadays, the ultrasonic inspection (UT) is the most 
common Non Destructive method (NDT) largely applied in 
the aerospace industry for composite components due to its 
accuracy, reliability and the degree of industrialization. 
Although UT is widely developed, new manufacturing 
processes and part concepts are continuously pushing the 
technology for new improvements and applications. This is 
the case of the geometries resulting from novel composites 
manufacturing methods, such as Resin Transfer Moulding 
(RTM) or Liquid Resin Infusion (LRI). The last allow the 
fabrication of complex parts with internal stiffeners and 
closed geometries in one shoot, reducing assembly time but 
also limiting the accessibility for NDT inspections. 
In this sense, one of the critical issues in the aeronautic 
sector is the improvement of radii inspection capabilities. 
The requirement of the aeronautic industry of guaranteeing 
the quality of the primary composite structures implies the 
inspection of the whole component through certified 
technologies. This constraint, together with the lack of 
technological solutions for the inspection of regions with 
limited accessibility is blocking the industrial 
implementation of optimized manufacturing processes.  
The present work describes the design and development of 
adaptive hardware solutions for the inspection of internal 
radii in composite structures. The final positioning tool has 
been obtained as result of an iterative design process and 
manufactured through additive manufacturing technology 
(Powder Bed Laser Fusion, formerly SLS-Selective Laser 
Sintering) using polyamide. This device was validated for 
inspection of inner radii of five outboard boxes, belonging 
to the winglet structure of a Green Regional Aircraft 
prototype (Clean Sky 2 programme). The inspections were 
performed under real operational environment, 
demonstrating the validity of the devices, enabling a 
certified inspection in the whole radii length, and reducing 
the lead time of the process. 

1. Introduction

Novel out of autoclave manufacturing processes for the 
production of composite components, such as RTM and 
LRI, allow higher level of freedom in the design step with 
more integrated structures and avoiding rivets for joining 

different parts (reducing the structures weight and 
production costs) [1]. 
However, the fabrication of a particular component in one 
shoot also means a challenge for the quality inspection 
process, when complex geometries and limited access zones 
are identified (i.e., closed torsion boxes). Currently, the 
aerospace industry is facing a compromise between the 
parts design/fabrication and the possibility of being 
inspected [2-3]. The limitations from the validation point of 
view are imposed by the capability of performing the 
inspection through the certified ultrasonic technique (since 
UT is nowadays the most widely used NDT for Carbon 
Fibre Reinforced Plastics, CFRP parts) [4]. In general, a 
CFRP component requires to be inspected by 100% of its 
volume (depending on criticality) for being validated for 
flight (not only flat/curve surfaces but also radii) [5]. 
In this context, the present investigation is focused on the 
inspectionability analysis and development of ad-hoc 
solutions for the UT inspection of a torsion box for a 
winglet component demonstrator (Figure 1a) within the 
Clean Sky 2 program. The part is manufactured through 
RTM in one shoot, resulting an integrated closed geometry.  
In this particular case, the Areas of Interest (AoI) under 
investigation are the radii (marked as R1 to R4 in Figure1b). 
The ccomponent overall length is 1500 mm, and the height 
of the narrowest side is only 28 mm, meaning that the UT 
inspection cannot be performed by hand inside of the 
torsion box. 
The proposed UT solution is based on a specific positioning 
tool obtained as result of an iterative design process. The 
UT system has been manufactured through PBLF (Powder 
Bed Laser Fusion) additive manufacturing using polyamide 
[6].  

Figure 1: a) Winglet component structure and b) torsion box. 
AoI to be inspected are radii in this study. 
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2. Inspection analysis and proposed solutions 

Due to the inner component size and difficulties on the 
accessibility, single element UT (or manual UT) was 
selected for this application (instead UT-Phased Array), to 
minimize as much as possible the inspection system 
dimensions (ant therefore maximizing the inspected area for 
each radius). In addition, several requirements have to be 
considered for a proper UT inspection of radii. 
-Due to the necessity of performing the inspection 
following the certified procedures for manual UT, a 
methacrylate delay between the UT probe and the inspected 
surface was required to focus the ultrasonic pulse. The 
delay must be in contact at any moment. This requirement 
needs to be also guaranteed by the ad-hoc designed tooling. 
-Full immersion procedure was considered in this case, to 
reduce the size of the tooling but keeping the coupling 
between the UT-probe and the part during the whole 
inspection. 
-Several probe positions (degree) were considered for each 
radius inspection in order to fully cover the radius section 
(Figure 2a). 
-The UT probe must be perpendicular to the part surface 
during the whole radius inspection to guarantee that the 
ultrasonic signal is properly directed (Figure 2b). 
 

 

Figure 2: Geometrical requirements for the UT probe 
positioning: a) probe angles and b) perpendicularity. 
 
Since the UT probe must be carried through the whole 
length of the closed torsion box, the ad-hoc solution was 
implemented by using magnets. The magnets allow 
transferring the movement of an external piece to the inner 
piece which carries the probe (Figure 3a). In addition, and 
to improve the robustness of the tooling, a third piece was 
designed in order to keep the UT-probe in contact to the 
inspected part surface at any moment (Figure 3b). 
 

 

Figure 3: a) Tooling based on magnets concept and b) 
design of the different pieces of the UT tooling. 
 

3. UT tooling manufacturing and inspection 
results 

The different parts of the tooling were designed in CATIA 
V5, and then manufactured by additive manufacturing 
through Selective Laser Sintering (SLS, 3D System HiQ 
Sinterstation system) using polyamide PA12. Together with 
the UT tooling parts, sections of different spars radii were 
manufactured for geometrical verification of the system. 
Figure 4 shows the manufactured UT tooling once it has 
been mounted on the aforementioned spar sections. 
Geometrical validation was completed and minor 
adjustments had to be performed. 
 

 

Figure 4: Manufactured UT positioning tool on a section of 
the radii for geometrical configuration. 
 
Since the torsion box is made using composite material and 
the detectability of the whole inspection system (UT probe + 
Positioning tooling) need to be validated prior to perform the 
inspection on the full torsion box, different samples were 
extracted from radii 1 and 4 (Figure 5). 
 

 

Figure 5: a) Real torsion box component for samples 
extraction and b) radii 1 and 4 test samples. 
 
On these samples, artificial defects were introduced by 
drilling flat-bottomed holes (ø6 mm). Drills were made at 
different depths, with the flat base in the following positions 
(Figure 6a): 
-0.4 mm from the surface of the inner radio 
-At the middle of the laminate thickness 
-0.4 mm from the opposite surface 
For each radius, it was drilled three holes centred on the 
bisector (defects 1, 2 and 3) and three non-centred (defects 
4, 5 and 6, Figure 6b).  
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Figure 6: a) scheme of the artificial defects on radii sections 
and b) results of the flat-bottomed holes. 
 
UT inspections were performed using the Olympus 
Omniscan MX equipment and a single element ultrasonic 
probe V201-RM (5MHz; Ø 6 mm). Ultrasonic inspection 
parameters were set as shown in Table 1. Figure 7 shows the 
system composed by positioning tooling + the UT probe 
mounted on one of the testing samples. 
 

Table 1: Ultrasonic inspection parameters 

Gain [dB] Speed [m/s] Voltage [V] 

3 3108.8 50 

 

 

Figure 7: UT inspection system (positioning tool + 
ultrasonic probe) for inspection of testing sample at 
different positions. 
 
Ultrasonic results proved that the artificial defects can be 
detected by at least one of the three probe positions. 
Figure 8a shows the reference A-Scan obtained in a free-
defects zone on sample R1. Since the inspected geometry 
does not allow obtaining the back wall-echo, indications are 
observed when an additional echo is detected after the initial 
pulse. Figure 8b shows the same A-Scan when the UT 
system is placed on the third defect (centred on the bisector) 

of the R1 sample. Figure 8c shows the A-Scan of the sixth 
defect (non-centred on the bisector) of the R4 sample. 
 

 

Figure 8: a) Reference A-Scan, b) A-Scan of defect 3 
sample R1 and c) A-Scan of defect 6 sample R4. 
 
Finally, the inspection system was also used for the quality 
inspection and validation of the inner radii of five flying 
torsion box components, meaning that it was proved in a real 
production environment under aeronautic certifications 
requirements. Inspections were performed at the components 
manufacturer facilities: Aernnova Composites Illescas 
(Figure 9) and FIDAMC. 

 

Figure 9: Torsion Box placed on the immersion pool for UT 
inspection of inner radii at Aernnova Composites facilities. 
 

4. Conclusions and future developments 

In this industrial investigation, a novel UT positioning 
tooling has been designed and manufactured for the 
inspection of closed composites structures. In this particular 
case, the tooling is focused on inner radii inspections, but it 
can be adapted to any other area of interest (not only flat but 
also curved surfaces). This paper summarizes the whole 
innovation process: starting with an ad-hoc design for each 
radius under investigation, manufacturing the concepts by 
additive manufacturing (allowing high level of design 
flexibility), using magnets for moving the whole set or 
pieces for carrying the UT probe, and testing the system on 
composite samples with artificial defects by using a single 
element probe.  
It has been proved that the developed system is valid not 
only for laboratory purpose, but also for production 
environment with aeronautic requirements, giving a solution 
to a real problem: the lack of inspectionability of closed 
geometry composite parts manufactured in one shoot 
process. 
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