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Abstract 
 
In this presentation, we will show the actual development stage of a new technical 
approach for a laser based NDT system for fast and contactless testing of large carbon 
fiber reinforced polymer (CFRP) aircraft structures.  
Existing state of the art composites such as carbon fibre reinforced polymers and hybrid 
polymer-metal multilayer sandwich structures (laminates) offer much greater fatigue 
strength to weight ratio and elastic modulus to weigh ratio than metals. Thus, they are the 
key pathway to reducing fuel costs and emissions in aircraft industry. This is why state 
of the art aircraft contain up to 80% by weight of such composites in their load bearing 
structures. However, there are two key barriers to overcome: (i) that they are more 
expensive than traditional aluminium alloy structures and (ii) the risks of the occurrence 
of both internal defects and impact damage leading to structural failure are higher. The 
main reason for this is that defects can arise almost anywhere within the entire volume of 
a composite structure: for example, porosity from which fatigue cracks can grow are 
possible anywhere within a polymer matrix and lack of adhesion can arise anywhere along 
fibre-matrix boundaries and along metal-polymer boundaries in hybrid (laminate) 
structures. 
The presented approach is based on a non-contact laser generated pulsed ultrasound 
technique with delivery of both the laser ultrasound excitation and detection pulses 
through flexible optical fibers. Further, the backscattered light is also collected into a 
fiber. The measurement head, which contains the two beam outputs and the light 
collection optics is scanned over the surface by a 6-axis lightweight robot arm, to provide 
an area coverage (scan window) exceeding 1.5m x 1m from a unique location of the robot 
base. With such a 6-axis robot arm complicated and irregular curved samples can be 
scanned. The robot arm will move along a rail track that runs the length of one side of the 
panel which will be positioned and fixed within the system cell. The robot arm will raster 
the laser head system over the part surface and move in increments along the track to 
inspect the whole component (Figure 1).  
Scanning with a fibre optic rather than scanning with a far heavier laser head will result 
in a substantial reduction in equipment capital expenditure (CAPEX) and operational 
expenditure (OPEX) as well as allowing a greater precision, both in terms of spatial 
resolution and repeatability. 
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The excitation and detection lasers are based on diode pumped Nd:YAG lasers which 
enable a low profile casing with low weight and very long  lifetime with little maintenance 
and high scanning speed of around 400Hz. Both lasers are based on commercial laser 
designs by Innolas Laser and are specially redesigned for the required specifications. For 
the demodulation of the ultrasonic waves, both a balanced two wave mixing 
interferometer (B-TWM) and a dual confocal Fabry-Perot Interferometer (D-CFPI) are 
built and tested. In the presentation, the results of their suitability to different defect types 
and CFRP layer structures will be shown. 
 

 
Figure 1. Principle setup of the presented approach with 6-axis robot and fiberized measurement 

head. 
 
Looking to other future visions, such a scaled down robotic LUT system can scan in 
several other innovative ways appropriate to different phases of an aircraft life cycle from 
new material and design concepts through to production and service. For example (i) for 
in service hangar inspection where indexing motions of a whole aircraft would be 
undesirable and inspection from outside only is preferable to avoid stripping down the 
aircraft. In this case the optical head can easily and at very low cost be scanned over the 
entire aircraft on a Cartesian x-y-z gantry controlled directly by aircraft CAD coordinates. 
(ii) In factory environments, the lightweight arm can just as easily be scanned over entire 
internal structures as well as the external surfaces. 
The overall goal of the shown developed system is to obtain the optimum technology for 
the non-destructive inspection of both present and future generation aircraft hybrid and 
thick composite structures, containing acoustic damping materials, which highly 
attenuate ultrasonic waves. In the follow-up of this Clean Sky 2 project “ACCURATe”, 
the prototype system will be validated via deployment to inspect the super-panels  of the 
long barrel demonstrator, which is to be developed in the Clean Sky 2 program using 
hybrid materials technology. 
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