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Abstract 
Sandwich structures consisting of two face composite sheets and a honeycomb aluminium core 
are largely used in some aerospace components for their structural and light weight properties. 
However, they might be subjected to damages such as delaminations in the composite sheets 
or debondings between the face sheets and the core due to impacts or thermo-mechanical 
aging.  
We present here the latest studies performed through a collaborative project aiming at 
developing a guided elastic wave’s based Structural Health Monitoring (SHM) system of such 
components. These waves can propagate in plate-like structures over large distances without 
significant attenuation. They allow to monitor wide zones with a limited number of sensors in 
order to detect, to locate and to characterize defects. 
In a first step of the study, the properties of the guided waves propagation in pristine sandwich 
panels are determined. Different modes are emitted thanks to piezoelectric patches of different 
diameters bonded at the surface of the plate. Modes characteristics (dispersion curves, 
attenuation, and anisotropy of the propagation) are determined thanks to laser Doppler 
velocimetry measurements. 
The same experimental setup is then used to highlight interaction of guided waves with 
calibrated defects of different diameters in sandwich plates (debondings between the face sheet 
and honeycomb core).  
These results allow to select the guided mode and its frequency which is the most sensitive to 
the defects.  
Measurements on a real large scale (3m x 3m) sandwich component are finally presented. 

 
1 INTRODUCTION 

 
Guided Waves (GW) show a great potential to inspect large composite structures from a limited 
number of transducers thanks to the capability of these waves to propagate over large distances 
[1]. GW are generally emitted thanks to piezoelectric patches embedded in the structure that 
form a sensor network. The interaction of GW with flaws give birth of diffracted echoes that 
carry information about location and size of the defects.  
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The development of a Structural Health Monitoring (SHM) system based on this technology is 
however a difficult process due to the different engineering field that should be integrated into 
a single system: material and process, actuating and sensing, signal processing and electronics. 
A fundamental difficulty arises by the complex nature of elastic guided waves propagation in 
composite materials due to the intrinsic dispersion and multimodal characteristics of guided 
waves and the anisotropy of composite. A good knowledge of such propagation in the 
monitored structure is therefore mandatory. 
 
We present in this paper the latest studies performed through a collaborative project between 
CEA and Safran aiming at developing a guided elastic wave’s based SHM system of a large 
aerospace composite sandwich component. 
In a first step of the study, the properties of the guided waves propagation in pristine sandwich 
panels are determined. Different modes are emitted thanks to piezoelectric patches of different 
diameters bonded at the surface of the plate. Modes characteristics (dispersion curves, 
attenuation, and anisotropy of the propagation) are determined thanks to laser Doppler 
velocimetry measurements. 
The same experimental setup is then used to highlight interaction of guided waves with 
calibrated defects of different diameters in sandwich plates (debondings between the face sheet 
and honeycomb core). These results allow to select the guided mode and its frequency which 
is the most sensitive to the defects. Measurements on a real large scale (3 m x 3 m) sandwich 
component are finally presented. 
 
 
 
2 STRUCTURE UNDER INSPECTION 

 

The structure that should be equipped with the SHM system is presented in Figure 1. It is a 
large composite component of the nacelle of an A380 manufactured by Safran Nacelles (Le 
Havre, France). 
 
This component of around 3 m x 3 m is mainly made of a sandwich material described in Figure 
2: it is composed of two face composite sheets and a honeycomb aluminium core. 
 
The SHM system must detect, locate and characterize 2 types of defects in such material: 
delamination in the composite sheets or debondings between the face sheets and the core that 
can be due to impacts or thermo-mechanical aging.  
 
Several studies have already demonstrated the potential of guided waves to detect such defects.  
 
Barnoncel and collaborators studied the health monitoring of sandwich plates damaged by 
impacts using GW [2]. The core of their sandwich material was foam, not honeycomb, but the 
damages observed were of similar nature (delaminations in face sheets or debonding between 
core and face sheets). 
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(a) (b) 

Figure 1: Composite component of the nacelle of an A380 manufactured by Safran Nacelles: 
(a) front view, (b) back (engine side) view. 

 

 

Figure 2: Honeycomb sandwich panel [3] . 

 
Hosseini et al. used both simulations (finite element modeling) and experiments to study the 
propagation of guided waves in foam, honeycomb and hollow sphere structures [4] 
highlighting mode conversions caused by guided wave interaction with defects. 
Smelyanskiy et al. also used simulations (Mindlin plate theory and finite element modeling) to 
determine the properties of guided waves in honeycomb sandwich structures (dispersion 
curves) [5]. 
Mustapha and Ye investigated the leaky and non-leaky behaviours of guided waves, between 
the sheets and the core in sandwich structures [6]. They show that an increase in frequency 
results in mode conversion between guided waves (waves propagating in the whole thickness 
of the sandwich plate) and Rayleigh wave (wave propagating only on face sheet), occurring 
when the beam thickness is equal to one wavelength. 
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Chakraborty et al. used pitch-catch measurements of guided waves and wavelet transform of 
the sensed signal to detect damages between 10 and 20 mm in honeycomb sandwiches [7]. 
 
 
 
3 GUIDED WAVE PROPAGATION IN HONEYCOMB SANDWICH STRUCTURE 

- Experimental setup 

In order to properly study the guided waves propagation in honeycomb sandwiches, the 
experimental setup described in Figure 3 has been used. 
PZT discs of different diameters are bonded at the surface of pristine sandwich panels to 
generate the waves at different central frequencies. The normal displacement at the surface of 
the plate created by the wave propagation is measured thanks to a laser Doppler velocimeter 
mounted on a X, Y, Z table. By scanning the surface of the plate it is possible to reconstruct 
movies of the wave propagation [8].  
A post-processing of these movies allows to extract the properties of the guided modes 
(dispersion curves, attenuation, and anisotropy of the propagation). The panel size is 1 000 mm 
x 600 mm, large enough to allow to separate incident waves from the reflections on the 
boundaries.  
The same setup is then used to highlight the interaction of the waves with calibrated defects. 
 

 

Figure 3: Experimental setup used to characterize the guided wave propagation in 
honeycomb sandwich panel. 

 

- Examples of results 

Typical results that have been observed with this setup are presented in Figure 4 and Figure 5. 
At relatively low frequencies (40 kHz), only A0 mode is excited and easily detected by the 
setup. The wave is able to propagate over large distances in a coherent wave packet and is not 
much affected by the anisotropy of the material. 



5 
 
 

  
(a) (b) 

  
(c) (d) 

Figure 4: Snapshots at different times of the propagation of guided waves at 40 kHz in a 
pristine honeycomb panel: (a) 1156 µs, (b) 1540 µs, (c) 1716 µs and (d) 1946 µs. 

  
(a) (b) 

  

(c) (d) 

Figure 5: Snapshots at different times of the propagation of guided waves at 100 kHz in a 
pristine honeycomb panel: (a) 2264 µs, (b) 2488 µs, (c) 2696 µs and (d) 2976 µs. 
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At larger frequencies (> 100 kHz) a resonance effect is observed: it might be due to energy 
trapped in the cells of the honeycomb core. This results in a high attenuation of the guided 
mode and long time signals making difficult their interpretation when looking for defects with 
the SHM system. Further investigations are conducted to study this phenomenon. 
Fastest S0 mode is also generated at this frequency, also being difficult to observe due to its 
low normal displacement at the surface. It is strongly affected by the anisotropy of the 
composite sheet. This phenomenon has already been observed in other composite materials 
and is strongly frequency dependent [9, 10, 11]. The resonance effect and influence of the 
anisotropy on mode propagation and generation will be carefully studied later thanks to finite 
element simulations that are in progress in order to identify the best frequency range for wave 
propagation. 
 
 

 

4 INTERACTION WITH CALIBRATED DEFECTS 

 
The same setup is used to observe the interaction of guided waves with calibrated defects. A 
honeycomb panel has been manufactured with Teflon discs of different diameters inserted 
between the top face sheet and the honeycomb core, simulating debondings.  
 
To highlight the interaction of the guided wave with the defects, the incident wave is removed 
from the movies using a wavenumber filtering technique described in [12]. This allows to 
quantitatively select the frequency that maximize the interaction and thus the sensitivity of the 
SHM system. 
 
Examples of result are presented in Figure 6.  
 

  
(a) (b) 
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(c) 

 

Figure 6: Snapshot of the interaction of A0 mode at 30 kHz with a debonding between the 
face sheet and the honeycomb core of diameter 30 mm: (a) incident wave, (b) interaction 

with the defect and (c) same image than (b) with wavenumber filtering to remove the incident 
wave. 

 
 
 
5 EXAMPLES OF SIGNALS IN REAL STRUCTURE  

 
Measurements of guided waves have also been performed on the real large scale component to 
confirm the capability of the guided mode A0 to propagate on large distances in such structure, 
in a configuration close to the final SHM system. 
Different PZT discs of 18 mm diameter have been bonded at the surface of the component on 
a line every 25 cm. The first PZT is used as an emitter (with an excitation of central frequency 
60 kHz) and the others as receivers (Figure 7). The measured time signals are presented in 
Figure 8. 
 
 

 

Figure 7: Configuration for the first measurements on the real structure. 
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Figure 8: Time signals measured on the components of Figure 1 thanks to PZT discs bonded 
on its surface. 

 
A significant attenuation of the signal occurs between PZT2 (25 cm) and PZT3 (50 cm), 
probably due to internal features of the components not visible from the outside. This will be 
investigated with further experiments and use of standard ultrasound CSCAN. Besides this 
effect, these preliminary experiments demonstrates that the waves can propagates at several 
tenths of centimeters and still be measured with a very good signal to noise ratio. 
 
 
 
6 CONCLUSIONS AND PERSPECTIVES 

 
This paper presented the first steps and tools used to design an SHM system of a large 
honeycomb composite component of an A380 nacelle. 
 
Different experiments have been performed to characterize the guided elastic wave propagation 
in such materials thanks to a laser Doppler velocimeter. The properties (velocities, attenuation, 
sensitivity to anisotropy of the material) of the fundamental S0 and A0 modes have been 
determined. An interesting resonance effect due to energy trapping in the cells of the 
honeycomb core has also been observed. In practice this phenomenon should be avoided since 
it results in high attenuation of the waves and it complicates the interpretation of time signals.  
 
The interaction of the waves with calibrated defects has also been observed with the same 
setup, demonstrating the capabilities of such elastic waves to detect defects at large distances 
from the transducers. 
 
Finally, some signals have been measured thanks to PZT discs bonded at the surface of the real 
component, in a configuration that anticipate the final one. This confirms the capability of 
guided waves to propagate in such complex structure. 
 
In a next step of the project the sensor network will be optimize thanks to the use of simulation. 
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Measurements on real defects in coupons are also planned in order to develop and to calibrate 
the algorithms for defect detection, location and sizing. Finally, the full scale component will 
be equipped with the sensor network and different robustness experiments will be performed 
to demonstrate the effectiveness of the developed approach.  
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