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Abstract
The Laser Ultrasonic Inspection System (LUIS) has been used for numerous aeronautical investigation
projects since its delivery in 1994. The design and use of new lightweight structural parts with more and
more complex shapes make inspection quite challenging. In this context, laser ultrasonic inspection is of
great interest due to its ability to follow surface curvature. The benefits of using the LUIS are illustrated
through typical examples of inspection of carbon fibre reinforced plastics parts. In the perspective of
broadening the application of the LUIS, a photorefractive interferometer was recently implemented within
the system. This interferometer allows the inspection of honeycomb materials by the laser tap-test
technique. We also present recent developments on the integration of an optical telemeter that offers the
possibility of getting real-time information of the inspected part shape and the integration of ultrasonic
data in a 3D environment.
Keywords: LUIS, Carbon Fibre Reinforced Plastic (CFRP), composite material, honeycomb structures,
TWM interferometer, aerospace.

1. Introduction
Laser-ultrasonics is implemented and exploited in EADS Innovation Works since 1994.
For fourteen years, advantages and drawbacks of this technology have been tested,
analysed and reported [1-2]. Today, with the emergence and the development of new
complex shapes Carbon Fibre Reinforced Plastic (CFRP) structures, inspection by laser
ultrasonics is of great interest and can be competitive compared to the ultrasonic
inspection by water coupling [3].
Since its delivery in 1994, the LUIS was regularly upgraded to keep its high level of
performance. More recently, the detection system was improved and new tools were
implemented to extend the field of applications. These modifications are presented
below and illustrated through various examples, such as the inspection of double
curvature composite panels and honeycomb structures.
After several campaigns of tests on different productions sites [4]: Aerospatiale
(Suresnes, Nantes), Dassault Falcon Service (Le Bourget), Dassault Aviation (Vélizy,
Biarritz, Mérignac), the LUIS has been temporally moved to the production site of
Airbus Nantes (Figures 1-2). The system is used as a development platform for design
and sizing for upcoming systems. In 2009, the LUIS will finally move into the
TechnoCampus EMC2, a research centre devoted to the development and processes of
composite materials.

Figure 1. Laser modules + scanner of LUIS in the
inspection room

Figure 2. Control board of the LUIS in the user
room.

2. Improvements of LUIS
LUIS was originally designed and delivered as a semi-industrial system, having an
integrated self-diagnostic, a high level of automation and a high reliability. The main
difficulty of this system was caused by the end of activity of the provider which
couldn’t help for online assistance. Nevertheless, technical feedbacks were provided by
the original designers who joined the Industrial Materials Institute of the National
Research Council of Canada. This situation only permitted minor modifications of the
LUIS because the system was industrially and internally harden.
2.1 Digitizing
The original acquisition board of LUIS was an 8-bit digitizer embedded in the control
PC. We installed a new PC specifically dedicated to ultrasonic acquisition and including
a 14-bit digitizer. Developed with LabVIEW™, this instrumentation software controls
the acquisition board, integrates numerous advanced processing tools and offers a
fashionable interface that can be adjusted to our needs, as shown in Figure 3.

Figure 3. Example of C-scans obtained on a CFRP reference panel

The A-scan waveforms are recorded and stored and the data are monitored in real time
during the scanning phase. These data are generally processed and exploited more

accurately with advanced processing tools, such as Distance Amplitude Correction,
digital filters, FFT, analysis windows, etc… The data can be read with NDT Kit®,
software developed by EADS IW and Airbus. A-scan or C-scans can be exploited with
the integrated tools, such as automatic defect recognition and concatenation.
2.2 Photodetection
Detection chain associated to the Fabry-Perot interferometer is now equipped with an
InGaAs photodiode that is more sensitive than the previous Silicon PIN photodiode.
The electronic circuit was tuned to minimise noise, and gain was adjusted to work with
very low light level collected back from the parts. Generally, CFRP surfaces are dark
and don’t reflect so much light into the collecting system. This new detector results in a
higher dynamical range, allowing the LUIS to inspect parts at higher incidence angles.

Figure 4. New detection module at the Fabry-Perot output.

2.3 Low Frequency detection module
A Confocal Fabry-Perot (CFP) interferometer is used to convert phase modulation into
intensity modulation of the collected light. Although a CFP operating in transmission
configuration is reputed for its good sensitivity, its robustness and its high reliability, its
the frequency response is not flat and is limited to the 1-15 MHZ range. A two-wave
mixing interferometer (TWM) based on a photorefractive GaAs crystal has been
recently implemented into the LUIS (figure 5). Although its sensitivity is lower
compared the CFP [5], the frequency response is flat and the lower frequency cut-off
can be adjusted to about 10 kHz. This interferometer enables the use of the laser tapping
technique which is the optical version of the manual tap-test method [6]. It consists in
heating the surface with a pulse laser to create a local and sudden stress and probing the
surface with another laser to detect the resulting vibrations (typically <1MHz). This
technique is applied to the detection of disbonds and is well adapted to the inspection of
honeycomb structures. When this method is used with a scanning system, it offers
interesting possibilities such as the inspection of large parts.
To implement the TWM interferometer, it was necessary to extract a part of the
detection beam (figure 6) to create a pump beam. Although the demodulation principle
of the TWM differs from the CFP, the ultrasonic signal is converted into an electric
signal at the output of the interferometer, and then digitized on the acquisition board.

Figure 5. TWM interferometer implemented in
the LUIS detection unit.

Figure 6. Beam extractor in the detection laser path.

2.4 Shape recording
A point that was recently developed is the capability of the LUIS to measure the shape
of the inspected part. A low-cost solution consisted in exploiting the data coming from
the existing telemeter. This telemeter, originally integrated in the LUIS, was exclusively
used to control the laser beam focus on the part. Now, by measuring the distance
between the part and the scanner and knowing the angular positions of the scanner at
each measure, the Cartesian coordinates of the inspected point can be computed. The
measurement precision is about 5 mm. The objective is to display the C-scan directly in
3D.

Figure 7. Telemetry used for shape reconstruction.

3. Recent applications
Most of the inspected parts presented below have been made for R&D programs
devoted to new materials and process studies. These complex shape CFRP parts,
exhibiting a double curvature, are easily inspected without any preparation.
3.1 Inspection of double curvature panels
A CFRP panel (1000mm x 1500mm x 2mm) is put on the floor, and then scanned in
four zones (figure 8). The C-scans are concatenated in NDT Kit® software and statistics
are displayed in histogram.

Figure 8. Inspection of a double curvature CFRP panel. Representation of the Thickness C-scan with the
associated histogram

Another double curvature panel of dimension 1200mm x 1000mm that exhibits various
slopes and thickness ranging from 1.6 to 15mm was inspected by the LUIS. A function
of NDT Kit® enables the visualization of a C-scan in 3D environment with the
associated CAD file (figure 9).

Figure 9. Inspection of a double curvature CFRP panel. Visualisation of the Thickness C-scan in a 3D
environment with the associated CAD file.

3.2 Inspection of double structures honeycomb panels
For the inspection of these parts, the LUIS was configured in laser-tapping mode. The
TWM interferometer was used instead of the CFP. The data are processed in the Fourier
domain and the C-scans map the ultrasonic frequencies (figure 10). The results show
that artificial defects are detected even when the inspection is made from the side
opposite to the defect. The thickness of the flat panels is 14 mm and artificial defects
dimensions are 50 mm and 25 mm.

Figure 10. Vibration frequency C-scan reveals artificial disbonds at various depths.

The laser-tapping mode is naturally applied to complex shape honeycomb structures.
Figure 11 shows that artificial defects are detected. A defect located at a 30 mm depth is
unfortunately not detected. This may be caused by a lack of sensitivity of our
interferometer and a too short time recording length, limited by 60 µs detection laser
pulse duration.
Artificial disbonds

Figure 11. Vibration frequency C-scan reveals artificial disbonds under external skin but not at 30 mm
depth.

4. Conclusion
Recent developments of LUIS have extended the field of inspection to the honeycomb
structures. Now, the system can be operated in a wider frequency range (10 kHz-15
MHz). Combined to NDT Kit® software, C-scans can be represented in 3D. Laser
ultrasonics provides alternative solutions for inspecting large complex shape CFRP
structures. When using reliable, high repetition rate lasers, the technology becomes very
competitive when compared to conventional ultrasonics. LUIS is an investigation tool
for EADS business units and is dedicated to the development and the sizing of
upcoming systems.
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