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Abstract 

The Resin Transfer Moulding (RTM) manufacturing process, gives to the parts a good surface finish and good 
dimensional tolerances. These final properties of high adaptability in individual pieces, are very important once 
the components are assembled into a final product. Considering the current production rates and engineering 
designs, a large number of parts are manufactured by means of RTM, with large geometric variability, and 
because of that, it is required a manual Non-Destructive Testing inspection. In order to ensure repeatability, 
traceability, recording, independence of the operator and optimization of the inspection times, Laser Ultrasonics 
inspection is specially designed for this purpose. Laser ultrasonic technology combines two lasers in order to 
perform the inspection of the part: a high peak power pulsed laser for generation (CO2 laser) and a detection 
laser (Nd YAG). Other elements like an optical interferometer (Fabry Perot dual cavity), a photo detector, a 
digitizer and a control module to synchronize laser shots and measurement acquisition, are part of the Laser 
Inspection System also. Ultrasounds are generated directly in the surface of the component, in this way it is not 
needed any couplant. In addition to these characteristics, the inspection distance from the part to the scanning 
head is bigger than 1,5 meters, and there is no need of specific inspection modules depending on geometry of the 
part. Laser Ultrasonics is an optimal method for the inspection of components with high rate of production and 
high geometric variability. 
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1.  Introduction 
 
RTM design and manufacturing process is also present within composite structures, taking 
advantage of the integration benefit provided by this technology. Complex geometries are 
obtained with a very good surface finish as well as accurate dimensional tolerances. These 
characteristics are provided by obtaining the final product inside a closed mould, where 
fabrics are stacked in the interior of such a manufacturing tooling. The fabrics are laid-up in a 
dry format, usually covered by a polymeric product used as a binder. After closing the mould, 
a degree of vacuum is attained, enabling the injection of a liquid resin, heated previously to 
reach a suitable low viscosity condition. 
Because of these complex geometries obtained, a flexible Non Destructive Method like Laser 
Ultrasonics is proposed, taking advantage of non-contact inspection, no need of special 
tooling for different configuration and also distance to the inspected part. 
 
2.  RTM: Manufacturing Process 
 
2.1 Process Description 

 

RTM aircraft structural parts are frequently manufactured by means of carbon fibre fabrics 
and unidirectional tapes. Typically, epoxy resins are used as matrix even for service 
temperatures around 120 ºC. When higher service temperatures are required, alternative resin 
systems are also candidates for RTM structural composite (E.g. benzoxacines and BMI) A 
mould is used to lay up plies of fabrics and/or unidirectional tapes in accordance with the part 
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design stacking sequence. These plies are usually cut by numerical control cutting machines 
from raw materials rolls, obtaining the corresponding near net shape to be adapted to the 
geometry of the mould. The final shape and thickness are obtained by such a stacking. Once 
the mould is closed, vacuum is applied and kept to use this condition to fill the tool by means 
of the resin used as matrix. The resin is previously degased and heated. Therefore, the low 
viscosity of the resin at the injection temperature make easier the fill of the mould, generating 
a composite material whose reinforcement (carbon fibre fabric or tape) is surrounded by the 
resin matrix. A subsequent increase of pressure is applied in the closed mould to improve the 
part quality. From then on, a cure cycle is performed holding the adequate temperature for the 
resin system. Nominal temperature values are about 180 ºC when epoxy systems are used. 
Once the part has been cured, it is cooled down and extracted from the mould. Some minor 
finish operations are performed, since RTM provides a near net shape for the part; this is one 
of the main advantages of this manufacturing process. A dimensional and non-destructive 
inspection is carried out before delivering the part. 
 

 

Figure 1. Example of a RTM mould 
 

2.2 RTM Components or parts 

 

There are many examples of detail and integrated parts obtained by RTM. Ribs, fittings, air 
intake parts, fairings are good examples showing the capabilities of RTM concept. Moreover, 
more complex parts have been developed. For instance, the HTP leading edge constitutes a 
successful product case, widening the prior development obtained for smaller parts, and is 
also in currently mass production.  
 

  

Figure 2. HTP RTM leading edge 
 



  

Figure 3. Fitting 
 

  
(a) (b) 

Figure 4. (a) Air intake. (b) HTP TIP 
 

RTM is often proposed as a candidate manufacturing process for integrated parts. Even if it is 
a target for complex structures, mould complexity, degree of automation and mass production 
rates are key factors to select either integration either the flexibility of manufacturing 
separately smaller detail parts.  
A successful application case is the manufacturing process of curved panel stiffeners. In 
particular, longitudinal beams of fan cowl doors can be manufactured by carbon fibre 
composites. Pre-preg technology (manufacturing by using autoclaves) was and is frequently 
used for this purpose. RTM parts have permitted to achieve the same goal with very good 
dimensional tolerances as well as replacing autoclave cycles by curing within a mould as 
above described. The technical results are excellent when the RTM parts are co-bonded to 
other detail parts as well as to the skin they use to stiffen. The co-bonding operation is carried 
out by means of adhesive films. 
The Figure 5 shows a representative structure of curved panels stiffened by RTM parts, co-
bonded to the skin. Due to the manufacturing process, the RTM process constitutes a good 
selection to obtain a non-hollow beam with a complex shape that includes the crosses between 
stiffeners.  



 

Figure 5. Curved panel stiffened by RTM detail parts 
 

2.3 Manufacturing peculiarities 

 

Among the different types of parts, RTM beams are a suitable example of efficient stiffener to 
fulfil the requirements as co-bonded part. 
 

2.3.1 Geometry 

Its shape is the result of combining manufacturing and stress requirements. The beams are 
often parts around 1500 mm long. Their thicknesses are within the range from 1 to 3 mm. 
Two main zones are distinguished: I-section segments and omega cross sections (crosses 
between the beam and perpendicular omega stiffeners) 
 

 

 
(a) (b) 

Figure 6. Sketch of the beam (a) and detail view (b) 
 
2.3.2 Surface 

RTM technology provides excellent surface finish. The surface quality of the mould 
envisages surface quality repetitiveness, adequate to be inspected by an automated device 
and process. The low roughness as well as the brightness of the surface finishing is taken 
into account for inspection purpose.  

 



2.3.3 Inspection Difficulties 

The beams are monolithic structures, typically inspected by manual ultrasonic technics. It 
doesn’t offer an inspection record and makes this operation less cost effective than automated 
procedures. A common difficulty is related with the expected roughness obtained once a peel-
ply material is applied for later bonding purpose. The roughness in such a case is different 
from the one obtained directly from the mould surface condition.  
 

3.  Laser Inspection 
 
3.1 Laser Technology 

 

Laser ultrasonic (LUS) technology combines two lasers in order to perform the inspection of 
the part: a high peak power pulsed laser for generation (TEA CO2) and a detection laser (Nd 
YAG). Other components that are also involved in the process are an optical interferometer, a 
photo detector, a digitizer and a module control to synchronize laser shots and measurement 
acquisition. See Figure 7. 
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Figure 7. Schema LUS Inspection  

 
Below are described the main components of such systems: 
 

3.1.1. 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. 
 
3.1.2. Interferometer 

The interferometer shall allow 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. 
 
3.1.3 Photo detector 

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. 
 

3.1.4. Acquisition chain 

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). 
 

3.2 Laser Ultrasonic System Options 

 

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. 
Depending of the parts to be inspected and the optimization of their inspection time, three 
different alternatives are described below: 

o tecnaLUS is the first alternative 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 this case the main advantage of the system is the reduction of the 
inspection time, because of the robot movements required in detailed parts. See Figure 
8 and Figure 9. 



 

Figure 8. Example of TecnaLUS developed within LUS-TEAM project.  
 

  

Figure 9. Example of TecnaLUS.  
 

o tecnaPLUS is the alternative where the Laser Scanning Head is held by the robot with 
a movable Beam Delivery System (BDS). The scanning Head will be moved around 
the part in order to achieve the whole inspection. In this case a linear track will be 
located under the robot in order to increase the capabilities of the system. The main 
advantage is the dedication of the system that could be used for the inspection of 
larger components. See Figure 10. 
 



 

Figure 10. Example of TecnaPLUS over linear track  
 

o tecnaPLUS-twin is the alternative tecnaPLUS with an additional robot that permits to 
hold the smaller parts with the scanning Head over the robot in a static position, in 
order to perform the inspection with the movements of the second robot. This 
alternative includes the advantages of TecnaLUS and tecnaPLUS, that is, inspection of 
smaller parts held by a second robot, so with the consequent reduction of inspection 
time, and also ability of inspection of larger parts using the first robot to move the 
scanning Head. See Figure 11. 

 

 

Figure 11. Example of TecnaPLUS-twin over linear track  
 
3.3 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 Rabit one has 
both the advantages of laser Ultrasonic inspection and the ones from integrated systems. 
Advantages of Laser Ultrasonic Technology are listed below: 

o Optimization of laser system for composites inspection 
o No need of couplant 
o High tolerance relative to the incidence angle of the laser beam with the part (± 35º) 

and to the distance from the scanning optical on head 
o Ability to detect defects up to 40 mm depth 



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

Advantages from Rabit technology are listed below:  
o 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. 

o Flexibility: incorporating different solutions to increase its performances: Robot over 
track, Robot holding the parts.  

 
3.4 Laser Ultrasonic inspection results 

 

Laser Ultrasonic Inspections gives optimized results with complex geometries, slopes and 
edges. Figure 12 presents the laser ultrasonic inspection results of double curvature 
component (about 1 m2).  
 

 

Figure 12. Inspection results of double curvature part. 
 
Figure 13 shows the results of Laser Ultrasonic inspection of two stepped samples with flat-
bottom holes. The objective of this inspection was to detect 4 mm diameter flat bottom in a 
component with 25 mm of thickness. 
 



  

Figure 13. Laser Ultrasonic Inspection results of stepped samples. 
 
4.  Conclusions 
 
RTM components have usually complex geometries so their inspection is carried out in 
manual mode with the consequent dependence on the operator, not having register of the 
inspection and increasing inspection time and costs.  
Presented advantages of laser Ultrasonic Inspection and integrated Rabit technology based on 
robot and HW&SW developments, make these Laser Ultrasonic Systems the most appropriate 
solutions for the inspection of RTM detailed parts, increasing productivity rates and also 
quality of the manufacturing process, including in this one the Inspection stage. 
 
 


