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Abstract 
The work presented in this paper focuses on the integrity assessment of composite sandwich 
panels with honeycomb cores. Proposed technique is based on anomalies of propagating 
guided waves and processing of full wavefield signals registered by scanning laser 
vibrometer. Disbonding between a back/front panel and a core was investigated. Guided 
wave packets were excited at different frequencies by piezoelectric disc attached to opposite 
to measured side of the specimen. Sequential triggered measurements were conducted on 
dense mesh of points at the face sheet by laser vibrometer so that full wavefield data was 
received. Obtained data was further processed to create damage influence maps by means of 
simple RMS method or more advanced adaptive wavenumber filtering technique. 

 
1 INTRODUCTION 

The use of composites in aviation, space and marine industry is growing dramatically. 
Because most of those structures are subjected to various types of impacts and are working 
under varying loadings, reliable and efficient Non-destructive Testing (NDT) methods are 
needed. At present the most popular are acoustic/ultrasonic techniques that are utilized 
manually hand scanning the area of interest. However, manual process is time consuming and 
need qualified personnel to conduct such a testing, which makes it expensive. 

One of the technique that can be used automatically for scanning quite large area is full 
wavefield registration of guided waves. Propagating elastic waves have ability to travel 
relatively long distances and will interact with local material discontinuities. Guided waves in 
sandwich honeycomb panel have been utilized for damage detection incorporating a grid of 
PZT transducers in [1, 2]. Phase velocity maps for detection crazed core was proposed by 
Thwaites and Clark [3]. Simple technique of using RMS maps from full wavefield signals 
register by scanning laser vibrometer for integrity assessment of air structure was 
investigated [4].  

In this studies additional signal processing of full wavefield data is used for results 
enhancement. In proposed approach point excitation is used by attached PZT transducers. 
However, if overall non-contact type system is necessary to use, PZT actuator may be 
replaced by laser pulsed excitation, like in work presented by Park et al. [5].  
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2 EXPERIMENTAL SET-UP  

2.1 Hardware set-up 

The experimental studies were performed using scanning laser vibrometer, namely Polytec 
PSV-400 in 1D mode, capturing out of plane velocities in grid of 251 x 251 points covering 
the whole front surface of tested structure (2 mm space resolution). The excitation was 
provided by PZT transducer attached to the back side of the specimen. PZT actuator was fed 
by the signal amplifier to which arbitrary waveform generator was connected. The excitation 
lay-out and acquisition system were connected together for synchronization. The scheme of 
the experimental set-up is presented in Figure 1. Measurements were made in point-by-point 
manner, ensuring that previously excited elastic waves attenuated completely. Assuming that 
during experiment the specimen remain in invariable conditions, a full field of propagating 
guided waves is acquired. 

 

Figure 1: Experimental set-up 

2.2 Excitation 

Two types of excitation were tested: narrowband excitation in the form of burst sine 
signals and wideband frequency excitation in the form of 25 µs long Hanning window. The 
bursts were chosen to have central frequencies at: 16.5 kHz, 50 kHz and 100 kHz for both 
PZT positions (see Figure 2). Additionally central frequencies of 2.5 kHz, 5 kHz and 10 kHz 
were recorded for second PZT position. Sampling frequency was chosen form series of types 
[25.6 kHz, 51.2 kHz, 128 kHz, 256 kHz, 512 kHz, and 1280 kHz] to be about 10 time greater 
than excited central frequency for sine bursts and 1280 kHz for Hanning type excitation. In 
every measurement 1024 time samples were recorded in all points. 

2.3 Specimen 

For the experimental research a 500 x 500 x 7 mm sandwich composite plate with 
honeycomb core presented in Figure 2(a) was used. Tested specimen consists of two 1 mm 
thick aluminum plates and 5 mm tall aluminum honeycomb core between them fixed by 
epoxy glue. 
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Damage was introduced in a form of partially crushed core in the central area and 
disbonding between honeycomb core and backside plate created by applying transverse to 
surface negative loading to the rear plate corner. Picture of crushed area after removing front 
panel from the specimen is presented in Figure 2(b). After experimental research were made 
the specimen was broken apart and its internal structure was inspected. One production defect 
was discovered. A small portion of the core was not properly attached to front panel. This can 
by recognize as an area with thin glue layer without honeycomb shape pattern in it - Figure 
2(c). This is marked as a plane grey area on the diagram in Figure 2(a). 

 
(a) (b) 

 

 

(c) 

 

Figure 2: Specimen (a) diagram (b) crushed core picture (c) production defect picture 
 

3 RESULTS  

Presented experimental set-up allowed for full field of propagating guided waves 
recording. Exemplary time snapshots of excited guided waves at central frequency 16.5 kHz 
for both PZT positions are presented in Figure 3. For the case with PZT at position 1 it can be 
noticed that significant portion of wave energy is trapped inside the central region with 
crushed core. In the time frame at time 507 µs back plate disbonding is visible as the line 
behind which the amplitude of propagating waves is smaller and the wave velocity is a little 
bit lower. In case of second PZT position, crushed core is manifested by the region with 
shorter wavelength (and lower velocity). Also some wave reflections of the boundaries 
between intact region and the region with damaged core is visible. The back plate disbonding 
is not apparent in time snapshots for this PZT position/excitation combination. 
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Figure 3: Time snapshots for narrowband excitation 
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Figure 4: Time snapshots for wideband excitation 
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In the tests with wideband excitation (Figure 4) additional guided wave mode (S0) is visible. 
For excitation in the middle of the specimen at time t =  65 µs symmetrical mode is being 
reflected and converted to A0 mode at the line of division between healthy area and the 
region with back side plate disbonding. In can be also noticed that when excitation is inside 
the region with crushed core guided waves are partially trapped as well.  

3.1 Energy maps (RMS) 

Based on time recorded full wavefield signals, guided wave energy map can be created. 
This technique in form of RMS (root mean square) was presented by Michaels in [6]. The 
RMS maps for all excitation frequencies and PZT positions are presented in Figure 5 and 
Figure 6.  

When PZT was located in the middle of the specimen, 16.5 kHz and 50 kHz excitations 
give a positive results for determining the size and position of the crushed core area, 
presented as the region with higher RMS value. This can be explained as entrapment of the 
waves in this area as well as lower stiffens of this region. However, for excitation at 100 kHz, 
this region has lower RMS value than its surroundings. This phenomenon is caused by the 
fact that waves were not transferred directly from back plate to front plate in central region 
due to core disconnection with front panel. The same situation occurs in all cases however, 
the attenuation of the waves at 100 kHz is much higher and much more interaction with the 
core cells occurs. Hence, when the waves reached front plate in the region with crushed core, 
they have very small amplitudes and the wave entrapment is not manifested as much as for 
the lower frequencies.  The disbonding of back side plate is barely visible as an area with 
lower energy (dark blue).  

As far as the results for second PZT position are concerned for the lowest three 
frequencies the back plate disbonding, front plate disbonding and crushed core area exhibit 
itself as the regions with locally higher RMS values. At 50 kHz central frequency excitation 
only defect in the middle of the specimen can be recognized and for 100 kHz no indication of 
damage is visible.  
It is worth mentioning that frequencies 50 kHz and 100 kHz give clear picture of individual 
honeycomb cells which are not visible in lower frequencies excitations.  

Wideband frequency excitation based maps are presented in Figure 7, where for the first 
PZT position damage map gives very detailed shape of crushed core area and front plate 
disbonding (high RMS vales) and blurred shape of the back side plate disbonding region. 
This excitation also give clear picture of individual honeycomb core cells.  

Second PZT position give almost no damage indication due to the fact that most guided 
waves energy was concentrated around the excitation point.  
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Figure 5: RMS maps for narrowband excitation 
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Figure 6: RMS maps for narrowband excitation 
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Figure 7: RMS maps for wideband excitation  

3.2 Adaptive filtering 

To enhance the results a signal processing based on wavenumber filtering was used. This 
technique involves transformation of space signals (frames of propagating waves) into 
wavenumber domain using 2D Fourier transforms. In wavenumber domain a special filter is 
prepared to remove the part of the signal that relates to guided wave propagation in healthy 
regions. This filter in next used for all processed time snapshots. Subsequently, processed 
data is transformed back to space domain, where special map is created. This map can be 
considered as damage influence map because it highlights local changes in tested structure. 
This technique was proposed by Kudela et al. in [7] where more details can be found. 
Comparison of this and other full wavefield techniques was presented in [8]. 

The damage influence maps for all measured bursts excitations are shown in Figure 8 and 
Figure 9. It can be noticed that up to 16.5 kHz frequencies, crushed core is easily identified. 
However, for 50 kHz and 100 kHz guided wave length is so small that it is highly affected by 
the honeycomb core, creating multiple reflection in each of the cells. This phenomenon 
makes utilized technique much less effective, due to its impossibility of determining clear 
wave propagation pattern, which is used for creating adaptive filter, which will leave only 
guided wave variation on local material changes. 

The specimen manufacturing defect is clearly visible when excitation frequency of 5 kHz, 
10 kHz or 16.5 kHz was used. Back plate disbonding is barely visible in most of the 
presented cases but in some as locally lower value areas and in others as locally higher values 
areas. 

It can be concluded that for tested structure and its defects frequency around 16.5 kHz is 
optimal. This frequency is high enough to give good resolution of damage recognition, yet 
low enough to provide large area of inspection due to long distances that guided waves can 
propagate and its low level of waves interaction with individual honeycomb cells. 
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Figure 8: Damage influence maps for narrowband excitation 
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Figure 9: Damage influence maps for narrowband excitation 
 
The adaptive wavenumber filtering method was designed for narrowband signals. 

However, the use of it with a broadband signal also yielded interesting results when the PZT 
was attached in the middle of specimen. In such configuration one can clearly see the outline 
of crushed core area in the middle and clear line of disbanding of inner plate and core. 
However, the front panel disbonding is not clearly indicated. This can be a result of signal 
processing and windowing the image to decrease negative boundaries effect.   

When the PZT was in position 2, most energy of the guided waves was focused in about 
excitation which gives a much worse results so that only central damage is barely visible. 
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Figure 10: Damage influence maps for wideband excitation 
 

4 CONCLUSIONS 

Presented studies shows that it is possible to detect and assess shape of front and back 
plate disbonding as well as crushed honeycomb core in sandwich panel using noncontact 
measuring technique of guided wave propagation phenomenon.  

It is important to take into account that the excitation frequency significantly changes the 
obtained maps. Therefore, a compromise between damage detection resolution and cover 
inspected area should be found. 

Adaptive filtering technique is a good tool for enhancing damage detection in sandwich 
honeycomb panels and it may be used for both narrowband and wideband excitations.  

Further studies with a real type composite structure and it both manufacturing defects and 
operationally induced damage should be made. 
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