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Abstract 
For several years, the carbon fibre reinforced plastic (CFRP) material is used in the design of structural parts of 
commercial airplanes. The integration of specialized functions in the large CFRP panels, such as stiffeners and 
the various shapes of parts available in production, require some challenge from the NDT tools to maintain the 
high safety level of quality control. Laser-ultrasonics is proposed as an alternative NDT tool for the inspection of 
complex-shape CFRP parts. The increase of the maturity level to implement the technology in production plants 
requires work and studies for certification. These works are partially presented in the paper. 
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1. Introduction 
 
For several years, the carbon fibre reinforced plastic (CFRP) material replaces the metallic 
material in the design of structural parts of commercial airplanes. CFRP offers lightweight 
and high mechanical resistance. Furthermore, the integration of functionalized structures, such 
as stiffeners, the presence of reinforced area and contoured shapes make the NDT control 
difficult. Usually performed with conventional ultrasonic tools such as PZT transducers that 
are immerged in water tanks or in contact by water coupling, there are some limitations when 
the parts become large and have a complex shape. Laser ultrasonics (LU) technology offers 
high flexibility because it operates without contact. Studied and operated since the early 90’s 
in aerospace application, technology was not competitive and mature enough to be 
implemented in production plants for quality control of commercial aircrafts. Since the early 
2000’s, LU technology has been successfully implemented in the Lockheed Martin 
production plant  for controlling the CFRP panels of military aircrafts F15 and F22 [1]. 
Aerospatial and Dassault acquired in 1994 the first LU system in Europe for aircraft 
inspection called LUIS [2]. The system is still in use in EADS for Research & Development. 
More recently in 2011, AIRBUS got its own system called LUCIE [3] which is an industrial 
demonstrator for large part inspection. The objective of AIRBUS and EADS IW works is to 
increase the maturity of LU to implement the technology in production plants in 2015-2016. 
This is performed by passing the Technology Readiness Level (TRL) by solving some key 
issues.  
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2. Laser ultrasonics principle 
 
2.1 Generation principle 

 
The absorption of the generation laser (CO2 laser) on the first layer of CFRP creates, by 
thermal effect, stress on the surface which induces mechanical waves that propagate in the 
media: the ultrasonic waves [4]. The conversion efficiency of light energy into mechanical 
energy is driven by the absorption coefficient of the first layer and the thickness. So the 
understanding of laser-matter interaction is a fundamental key to optimize the quality of 
ultrasonic wave. Whatever the incident angle, longitudinal wave is generated normal to the 
surface. 
 

 
Figure 1. Scheme of ultrasonic wave generated by laser heat 

 
2.2 Detection principle 

 

The surface is illuminated by a long pulse (>60µs) that is highly monochromatic ν0. The 

surface velocity of the acoustic wave creates, by Doppler effect, a frequency shift ∆ν 
proportional to the surface motion velocity. The light is collected and sent into an optical 
interferometer that converts the frequency modulation into intensity modulation. The 
interferometer is based on Confocal Fabry Pérot type that is large Etendue design and well 
adapted in industrial environment. The output signal is then digitized, processed and analysed 
for defect detection. 
 

 

 

Figure 2. Detection scheme 

 
The optical properties of the top surface are also fundamental for optimizing the efficiency of 
light collection. The materials that exhibit high absorption at the wavelength of the laser 
(1.064µm) should be avoided. The materials that exhibit bright surfaces with specular effects 
(mirror-type) should also be avoided, because it may create some extreme issues occurring in 
optical sensors: dazzling when the beam is normal to the surface and loss of the signal for 
high incident angle. 
 



3. Two laser ultrasonic platforms: LUIS and LUCIE 
 
The LUIS is installed in the Technocampus centre in EADS IW since 2009, whereas the 
LUCIE is installed in the Technocampus centre in Airbus hall since 2011. The both systems 
are based on the same technology and use the same type of lasers: CO2 laser for generation 

(λ=10.6µm) and Nd:YAG for detection (λ=1.064µm). LUCIE is a new inspection system that 
offers the best performances.  
 
 
 

 

 
Figure 3. The LUIS and LUCIE systems 

 
Both systems are designed for the inspections of large parts, but LUCIE offers more 
flexibility with its optical head mounted on a KUKA robot supported on a 6-m linear axis rail. 
 

Table 1. LU systems specifications 

 

System LUIS LUCIE 

Generation laser 

CO2 laser (λ=10.6µm) 

180mJ, 120ns 
Ø5mm 

270mJ, 100ns 
Ø[3-15]mm 

Detection laser 

Nd:YAG (λ=1.064µm). 

60mJ, 60µs 
Ø5mm 

160mJ, 230µs 
Ø5mm 

Repetition rate 100Hz 400Hz 
Scanning field 1m x 1m 1.5m x 1.5m 

Working distance [1.2-2.1]m [1.6-2.1]m 

Scanning speed 1.4m²/h 5.6m²/h 

Interferometer CFP [1-15MHz] 
TWM [10kHz-15MHz] 

Differential CFP [0.5-15MHz] 

Robot no Kuka KR210L100 + linear axis 6m 
Provider X TECNATOM 

 
 

4. Axis of development 
 

4.1 3D reconstruction 

 
The LUCIE system is equipped of a laser telemeter that informs about the distance between 
the scanning head and the measurement point. By mixing these measurements with the robot 
coordinates corresponding to the inspection poses, it is possible to obtain the Cartesian 



coordinates of the inspected point in the room referential. Then the ultrasonic data can be 
processed and fixed on the 3D contour shape. This is useful to represent the C-scan and give 
to the design office the exact position of the eventual defects. 
 

  

 
Figure 4. Simultaneous acquisition of ultrasonic and telemetry, then data mixing. 

 
4.2 The increase of the scanning speed 
 
The improvement of the scanning speed is necessary to be competitive with other inspection 
systems; however the LU systems are limited to the laser repetition rate fixed by the CO2 
laser: 100Hz for LUIS and 400Hz for LUCIE. In order to speed up by two the scanning speed 
with the LUIS, it is proposed to split our laser beams into  two beams. By splitting the beams, 
the power is divided by two, but remains sufficient to generate and detect the ultrasonic waves 
on the CFRP parts. This modification required some adjustments for illumination and 
collection optics and some hardware changes inside the Confocal Fabry-Perot interferometer 
to deal with a new channel. Therefore the system achieved a scanning speed of 2.8m²/h. 
 

  
  

Figure 5. A bi-spot setup was implemented in the LUIS. We visualize the Time of Flight C-scans obtained with 
one channel and two channels setup. 

 
4.3 The top layer characterization 

 
In laser-ultrasonics, the choice of the top layer is fundamental because the ultrasonic source is 
produced by the interaction between the laser beam and the top layer. Properties such as 
absorption coefficient, thickness, penetration depth are the keys to enhancing the ultrasonic 
wave generation [5]. 
In the figure 6, it shows a CFRP test panel with a special white layer implemented on the 
surface. The ultrasonic wave amplitude is enhanced by a factor 2.5. 
The optical properties associated to the reflection coefficient and their angular dependencies 
are also important to optimize the quality of the collected signal. Generally, the specular 
surfaces, like mirrors,  should be avoided because there may be a risk of dazzling the sensor 
or losing the optical signal depending on the inspection incident angle. Rough surfaces are 
better since the light is smoothly scattered. Furthermore, a non-absorbing surface is better. 
White surfaces are generally better than black surfaces.  



 
 
 

  
 

Figure 6. A white layer was incrusted in a CFRP panel on the surface. The corresponding ultrasonic results are 
presented. 

 
Depending of the CFRP parts process and its use in production, there are numerous layers that 
can be put on CFRP parts. To evaluate each of these layers, we mounted the specimens on a 
rotating plate, and we measured the collected light amplitude of the detection laser for various 
incident angles. The figure 7 shows the angular reflectivity of various layers. 
 

  

 
Figure 7. A CFRP panel is covered with various layers. The reflectivity is presented on the graph and shows an 

angular dependency. 
 
4.4 The study of thermal effects 
 
The temperature elevation is a consequence of laser-matter interaction to generating 
ultrasound waves. We performed a study to quantify the elevation temperature at the surface 
during a scanning session [6]. This is helpful to assess and prevent the damage that could be 
caused by a too intense heating. A numerical modeling has been developed taking into 
account the optical properties of the layer and material properties of CFRP. Modeling and 
experimental results are in good agreement and reveal an increase of temperature much below 
the reticulation temperature which is acceptable for NDT application.  
 

 
 

 

 

 
Figure 8. A high speed thermal camera acquired the temperature distribution on the CFRP surface. There is a 

good agreement between experimental and computed results of the temperature. 



5. Results on CFRP parts 
 
LUCIE has been involved in numerous application cases to inspect CFRP parts that are more 
or less large. Presented on the figure 9 are some results obtained with the nose fuselage part 
that is 6-m length and 4-m high. This ultrasonic data is represented in a 3D environment after 
reconstruction.  
 

 
 

 
Figure 9. The nose fuselage demonstrator has been investigated with LUCIE.  

 

6. Conclusion 
 
The Laser-ultrasonic has been used in the aeronautic field for health assessment for almost 20 
years with the LUIS system. The LUCIE system was recently implemented to show the 
capabilities of the technology to inspect large CFRP parts that exhibit contoured shapes. 
Recent developments were focused on ways to improve the scanning speed, to extend our 
knowledge on the material properties directly involved in the laser-matter interaction. The 
increase of the maturity level is currently in progress with the objective to transfer the 
technology to the production lines in 2015-2016. 
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