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ABSTRACT 

 

Failure in aerospace composites owing to low-velocity impact raises a significant 

maintenance concern because it can lead to invisible damage. For the aerospace industry, 

such defects pose a potential danger to the structural integrity of aircraft. This in turn 

jeopardises passenger safety and incurs high repair costs. Hence, it is important to 

efficiently monitor composite structures during the service life. In this study, the potential 

of low-frequency guided ultrasonic waves for health monitoring in laminated composite 

plates is investigated. This study focuses on the use of the first antisymmetric guided 

wave mode (A0). The first part of this study is to investigate the propagation of the 

A0 mode in three different undamaged composite plates experimentally. The dispersive 

and anisotropic behaviour are in agreement with the results of finite element simulations 

and semi-analytical analysis. The final part of this study presents the scattering of guided 

waves at the impact damage using a non-contact laser interferometer. Significant 

scattering activities were observed and the impact damage size can be estimated to be 

about 10 × 25 mm. In conclusion, these results demonstrate the potential of guided 

ultrasonic waves for the inspection of aerospace composite structures.  

 

Keywords: Composite plates, guided ultrasonic waves, non-destructive testing. 

 

INTRODUCTION 

 

In general, aerospace composites, in the form of carbon fibre laminates, consist of layers 

of polymer matrix reinforced with high-strength carbon fibres. In a complete investigation 

by Richardson and Wisheart [1], it is stated that one major concern related to composite 

laminates is their susceptibility to sustain low-velocity impact damage. The problem with 

low-velocity impact damage in composites is that it is often not visible or is barely visible 

in a typical visual inspection [2]. Shyr et al. [3] found that visible damage can be clearly 

detected and remedial action could be taken immediately to maintain the structural 

integrity. However, this is often not the case for impact damage in composites. A major 

concern is the growth of hidden, undetected defects caused by low-velocity impacts and 

fatigue [4]. Various different failure modes and mixed damage modes may occur [2, 5]. 

Matrix cracking, delamination, fibre debonding and fibre breakage are examples of 

various failure modes under low-velocity impact [6, 7]. Wisnom [8] highlights that failure 

to detect these internal damages at an early stage may result in a catastrophic failure of 

the composite structure. In order to maintain the quality and reliability of a composite 

structure, non-destructive testing (NDT) is commonly used. Visual inspection, ultrasonic 

https://doi.org/10.15282/ijame.13.3.2016.15.0305


 

 

Murat and Fromme / International Journal of Automotive and Mechanical Engineering 13(3) 2016   3728-3741 

3729 
 

testing [9], acoustic emission [10], X-ray radiography [11] and eddy-currents [12] are 

amongst the NDE methods employed in aerospace inspection. However, for the large 

aircraft structures most methods are very time consuming and costly, and interrupt the 

aircraft service. This indicates a need for rapid inspection and cost-effective methods for 

monitoring large composite structures.  

One possible method, the guided ultrasonic waves NDE method, has been chosen 

to be further explored in this study [13]. Using low excitation frequency, guided waves 

can propagate over long distances with limited energy loss. From a single location, the 

guided waves can cover large areas, which helps to reduce the inspection time. The 

reflection of the propagating wave at defects enables rapid detection of defects in large 

structures [14]. This method has been used successfully for the detection of defects in 

large metal plates and long pipes, i.e., for corrosion and crack detection [15]. However, 

the behaviour of the guided waves is somewhat more complicated in composite structures 

owing to the physical properties of composites that are generally inhomogeneous and 

anisotropic in nature. The capability of the guided waves for the inspection of aerospace 

structures is still under investigation. Many factors could affect the wave propagation and 

scattering [16-18]. The properties of guided waves in anisotropic plates are more 

complicated than those in isotropic plates [19, 20]. The plate geometry, material 

properties, fibre arrangement, fibre orientation, transducer frequency, excitation mode 

and type of impact damage are among the factors. Moreover, multiple reflections can 

form an infinite number of wave modes through the thickness. Wilcox et al. [21] identified 

that the modes can be either symmetric, noted as Sn (S0, S1, S2.....Sn), or antisymmetric, 

noted as An (A0, A1, A2…..Sn), and these modes are generally dispersive [22]. Each wave 

mode has a different speed, a different wavelength and a different wave pattern (mode 

shape) across the thickness, which can add to the complexity of the received signals [22]. 

For waves propagating in composite laminates, the wave interaction depends on many 

factors such, as the excitation frequency, the geometry of the structure, material 

properties, direction of propagation and interlaminar conditions [23-25]. Although the 

benefits of using guided waves are huge, these factors describe the difficulties in using 

guided waves for composite inspection. Hence, knowledge of the properties of guided 

wave propagation in composites is important for the successful implementation in non-

destructive evaluation. Therefore, the objective of this study is to investigate the potential 

of guided ultrasonic waves for detecting impact damage in composite plates. This study 

aims to achieve a better understanding of guided wave propagation in composite plates 

and their interactions with impact damage. The outcomes of this research will help to 

establish an efficient technique for the inspection of composite materials using guided 

ultrasonic waves. 

 

METHODS AND MATERIALS  

 

Two sets of guided wave experiments were performed. The first set of experiments was 

performed on four undamaged composite plates with different thicknesses and material 

properties. The second experiment was performed on two defective composite plates for 

the detection and characterisation of impact damage. Details can be found in Table 1.  

The first plate was a large cross-ply carbon fibre plate. The plate was constructed 

from 24 prepreg plies in alternating [0°/90°] orientations with symmetry at the mid-plane. 

The material of the prepregs was HEC fibre (60%)/SE84 HT epoxy (40%). Each ply has 

a nominal thickness of 0.15 mm, giving a total plate thickness of 3.6 mm. The second 

plate was a small unidirectional plate. The plate was constructed from 24 prepreg plies in 
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parallel alignment [0°]. The material and total thickness were the same as those for the 

first plate. The final two plates were small cross-ply plates, consisting of eight prepreg 

layers with a symmetric layup sequence of [0/90]. The plates were manufactured using 

carbon-fibre Tenax HTS (65%) pre-impregnated with Cytec 977-2 epoxy resin (35%). 

The ply thickness was 0.25 mm and eight plies were used, giving a plate thickness of 2 

mm. The centres of the plates were subjected to a 7.4 J impact using a hemispherical 15 

mm impactor head, following standard drop weight impact procedures. The size of the 

impact damage can be estimated to be about 10 mm in length and 20 mm in width. 

 

Table 1. Details of the composite specimens. 

 
Test plates Large cross-ply UD plate  Small cross-ply 

Materials HEC Fiber (60%) / SE84 

HT epoxy (40%) 

HEC Fiber (60%) / 

SE84 HT epoxy (40%) 

Carbon Tenax HTS (65%) / 

Cytect 077-2 epoxy resin 

(35%) 

No. of plies 24 24 8 

Orientation of 

plies 

[0/90/0/90/0/90/0/90/0/90/ 

Symmetry at mid-plane] 

All plies in 00 direction [0/90/0/90/ Symmetry at 

mid-plane] 

Thickness (mm) 3.6 3.6 2 

Impact testing (J) - - 7.4 

 

 
 

Figure 1. Schematic diagram of the guided ultrasonic wave experimental setup. 

 

Figure 1 shows the setup for the guided wave measurements, which consists of a 

modular scanning rig controlled via LabView from a computer. The excitation signal is 

generated by a function generator as a voltage signal, amplified by a wide band amplifier 

and then applied to a piezoelectric transducer. A laboratory-made piezoelectric 

transducer, polarised through the thickness, was used to excite the A0 wave mode. The 

discs act in good approximation as a point source and the waves propagate radially 

outwards. A brass backing mass was carefully bonded to the piezoelectric disc using 

epoxy glue. Electrical voltage is applied via a copper wire that was soldered to the backing 

mass. The piezoelectric transducer was directly bonded onto a thin layer of silver coated 

paint (Electrolube SCP03B) on the composite plate. The use of silver paint acts as ground 

connection for the transducer. When the voltage is applied to the piezoelectric transducer, 

the piezoelectric disc contracts and expands. This generates a vertical force to the plate 

surface and excites primarily the A0 mode. Good and repeatable signals were obtained. 

The displacement field in the specimen is measured using a heterodyne laser vibrometer, 
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controlled by the scanning rig, which moves parallel to the specimen. The laser 

interferometer was moved to perform line scans (in the 0° direction) over a length of 200 

mm from the excitation transducer with a 1 mm step size. The time traces (voltage signal) 

of the received signals were filtered using a bandpass filter. The voltage signal 

corresponds to the velocity of the out-of-plane-displacement of the specimen surface. The 

signals were recorded and averaged using a digital storage oscilloscope to improve the 

signal-to-noise ratio. The function generator triggers the oscilloscope so that the 

excitation and measurement start at the same time. The measured time traces were then 

transferred to the computer and further analysed using MATLAB. 

For the analysis of wave propagation in undamaged specimens, the phase velocity 

(Cp) can be determined by using Eq. (1). Fast Fourier Transform (FFT) was applied to the 

signal time traces to obtain the phase change at a given frequency (f.) The phase angle (φ) 

difference between two points spaced 1 mm apart was calculated and the values were then 

used in the Eq. (1) to calculate the phase velocity. The phase velocities were plotted 

against the frequency thickness product (f.d). Meanwhile, the group velocity (Cg) can be 

calculated using Eq. (2), where x and t are respectively the distance and arrival time 

between two readings. To calculate the group velocity, the arrival time of the signal 

envelopes obtained using the Hilbert transform were used to estimate the propagating 

time between two measurement points spaced 100 mm apart. The measured phase and 

group velocities were then compared to the finite element and semi-analytical predictions. 

Meanwhile, the wave attenuation owing to material absorption is assumed to result in 

exponential decay of the amplitude with distance of propagation, as defined in Eq. (3), 

where A1, A2, r1 and r2 are respectively the amplitudes and radial distances at two 

measured locations and α is the attenuation coefficient owing to the material damping. 

 

𝐶𝑝 = 2𝜋𝑓 (
𝑥2−𝑥1

𝜑2−𝜑1
)      (1) 

  

𝐶𝑔 =  
𝑥2−𝑥1

𝑡2−𝑡1
      (2) 

                    𝛼 =
1

𝑟2−𝑟1
𝑙𝑛 (

𝐴2√
𝑟2
𝑟1

𝐴1
)        (3) 

 

The wave scattering by the impact damage was measured on the small cross-ply 

plates, where the plates had barely visible impact damage from the impact test. An area 

of 40 × 40 mm around the impact damage was monitored using a raster scan with step 

size of 1 mm. The time traces of the received signals were collected and further processed 

in MATLAB. The Hilbert transform was applied to the received signals and the 

amplitudes of the signal envelope were used to plot the wave field. In order to understand 

the behaviour of the propagating wave field in the composite plate with impact damage, 

a visualisation based on the arrival time of each monitored signal was constructed. 

 

Finite Element Model 

Guided wave propagation problems were modelled using the finite element (FE) method. 

The commercial software package ABAQUS/Explicit was used to simulate the wave 

propagation in composite plates. Wave propagation is introduced when the initial 

equilibrium is disturbed by the application of forces or displacement on nodes. The 

displacement in elements, which can be obtained by integrating the accelerations twice, 

is then used to solve the wave propagation problem. The accelerations at the beginning 
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of the time step are completely determined by the mass and force acting on the elements. 

With the explicit method, the state of the elements is advanced through an increment of 

time using known values from the previous time step. For computational stability, the 

time increment must be smaller than the critical time step. In wave propagation modelling, 

the critical time step (Δtcr) can be defined as the transit time at the highest wave speed 

through the smallest element in the model. Eq. (4) is used to satisfy the stability 

requirement, where le and Cl are respectively the smallest element length and the fastest 

wave speed of the material. The length of the element (le) is typically calculated from the 

shortest wavelength (λmin) to be analysed, as shown in Eq. (5). For the accuracy of the 

simulation, typically at least 10 elements per shortest wavelength are defined [26]. The 

chosen time increment must be below the stability limit. These criteria lead to a large 

computational memory demand. 

Similar to the experimental specimens, three types of composite plates were 

modelled. Figure 2 shows the illustration of the plate model, but all plates were modelled 

with a large size of 1 × 1 m in order to reduce any unwanted edge reflections and to allow 

simpler analysis of the main guided wave properties. Element size of 1 mm in the x- and 

y- directions (along the plate) and 0.25 mm in the z-direction (one element per layer 

through thickness) was employed, resulting in 8 million elements to model the plate. The 

element type was chosen as an eight-node linear brick with reduced integration (C3D8R). 

The employed largest element size (1 mm) and time step (0.01 μs) fulfilled the stability 

criteria. For the generation of solid homogenous and layered models, the orthotropic 

homogenised [0°/90°] and the orthotropic unidirectional [0°] properties were assigned. 

The properties were obtained from research by Neau et al. [27]. Rayleigh damping was 

set to ß = 30 ns to match the guided wave attenuation measured for the undamaged part 

of the composite specimens. Out-of-plane excitation was introduced to generate an 

A0 Lamb wave propagating along the plate. The excitation signal consisted of a five-cycle 

sinusoidal tone burst modulated by a Hanning window. The pulse was generated with 

arbitrary low amplitude based on Eq. (6), as used in the experiments. The excitation 

location was placed 100 mm from the centre of the delamination to match the 

experimental setup (200 mm for the large delamination model). The out-of-plane 

displacement was monitored at the same locations as for the line and circular scans 

performed experimentally. A Hilbert transform was used to extract the maximum of the 

signal envelopes for each monitoring node.  

    

∆𝑡 ≤  ∆𝑡𝑐𝑟 =  
𝑙𝑒

𝐶𝑙
     (4) 

   𝑙𝑒 =
𝜆𝑚𝑖𝑛

10 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠
     (5)

 𝐴𝑚𝑝 = 0.5 ∗ (1 − 𝑐𝑜𝑠 (
2𝜋𝑓∗𝑡

𝑛𝑜.𝑜𝑓 𝑐𝑦𝑐𝑙𝑒𝑠 
)) ∗ (sin (2𝜋𝑓 ∗ 𝑡 )       (6) 

 

To validate both simulation and experimental results, DISPERSE, a software 

package developed at Imperial College London by Cawley et al [26], was used to 

theoretically predict the guided wave propagation characteristics. Two DISPERSE 

models were used to define the composite plates: homogenised and layered models, 

similar to those defined in the FE models. Similarly to the FE simulations, each model 

was defined using lossy orthotropic stiffness properties [27] where both real and 

imaginary stiffness properties were used as the inputs for the material properties. From 

Neau et al [27], the uncertainty of the imaginary properties is significantly larger than for 
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the real constants. Thus, it is expected that the attenuation measurements are going to 

have larger errors than the velocity measurements. 

 

 
 

Figure 2. Illustration of the plate geometry; the excitation and monitoring points are 

placed in the middle of plate for the generation and detection of the A0 mode; corner 

nodes number identified as nb_i (i = 1, 2, 3…n); edges 1, 2, 3 and 4 were set as the 

boundaries of the plate. 

 

RESULTS AND DISCUSSION 

 

The propagation of the A0 mode was measured using a non-contact laser interferometer 

and compared to the results of the Finite Element (FE) simulations as well as to the 

DISPERSE semi-analytical predictions. The aim of this study is to investigate the wave 

dispersion and attenuation of the A0 mode in anisotropic plates. 

 

Group and Phase Velocities 

This section reports the velocity dispersion characteristic of the A0 guided wave mode in 

three types of undamaged composite plates, focused on the measurements in the 0° 

direction. Figure 3 shows the comparisons of the measured group and phase velocities 

together with predictions by DISPERSE and FE analysis. Comparable results can be 

observed for the DISPERSE and FE predictions (within 1% error) in calculating the group 

and phase velocities for three different types of plates. This is as expected because both 

simulations were using the same stiffness coefficients (real part), which determines the 

guided wave velocity in plates. Comparing the predicted results to the experimental 

results, the measured phase velocities are scattered around the predicted values 

reasonably well. A larger error can be observed at the higher frequency region with the 

largest (approximately less than 30% error) obtained from the 2 mm cross-ply plate. In 

term of velocity dispersion, it can be seen that the A0 mode is highly dispersive in the 

frequency range below 50 kHz for all composite plates. This wave dispersion is 

undesirable in inspection systems because there will be an increase in the pulse width and 

a decrease in the amplitude with propagation distance owing to the broadening 
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distribution of the wave energy [21]. The reduction in amplitude limits the propagation 

distance, and the increase in signal duration worsens the resolution that can be obtained. 

 

 

 
 

Figure 3. Measured and predicted velocities for the A0 mode propagation in the 

composite plates; a) and (b) for the 3.6 mm cross-ply plate, (c) and (d) for the 2 mm 

cross-ply plate, and (e) and (f) for the 3.6 mm UD plate; 100 kHz; measured in 0° 

direction.  

 

On the contrary, Figure 3 also shows that the dispersion of the A0 mode in all 

plates is smaller above 50 kHz. Within the frequency range of the excited wave packet 

(50 kHz to 150 kHz), there were small dispersions in the group velocities. Wilcox et al. 

[21] explained that different frequency components in a wave packet travel at different 

speeds, so the shape of the wave packet is expected to have a small distortion while 

traveling owing to the differences in the arrival times of each frequency component. This 
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means that the wave packet retains its shape as it travels and the differences in the arrival 

times are very small. This feature is desirable for the SHM of composites because a 

dispersive wave packet will lead to a complicated signal processing [21]. For the defect 

characterisation measurements, a 100 kHz frequency was chosen as the nominal 

excitation frequency as its wave packet is less dispersive.  

 

Attenuation 

Both DISPERSE models of the three types of plates were further analysed to estimate the 

attenuation coefficient in the frequency range from 50 kHz to 150 kHz. From Figure 4, 

the overall trend of the simulated models is comparable to the experimental results, 

although it gives slightly higher values. The attenuation increased with frequency for all 

three types of composite plates, as expected for the A0 mode. A small variation of the 

measured coefficients at frequencies below 100 kHz can be observed, which could be 

owing to measurement errors. At frequencies above 100 kHz the values became more 

stable. For the 3.6 mm cross-ply plate (Figure 4), the measured attenuation values 

increased from approximately 0.05 dB/mm at 50 kHz to 0.15 dB/mm at 150 kHz. This 

gives a rough estimation of an approximately 0.10 dB/mm increment over the frequency 

range. Similarly, the attenuation coefficients for the 3.6 mm UD plate were measured as 

0.001 dB/mm at 50 kHz and increased to approximately 0.11 dB/mm at 150 kHz, lower 

than for the 3.6 mm cross-ply plate. Since the results compare reasonably well, these 

attenuation values hold important information to determine how far the A0 mode can 

travel at certain excitation frequencies and can be used for future reference. The increase 

in attenuation with frequency imposes an upper frequency limit on inspections. From 

these attenuation results, the frequency-dependency of the A0 mode wave attenuation has 

been shown and validated.  

Comparisons between the attenuation coefficients of the three different composite 

plates show the influence of plate thickness, material properties and fibre arrangement. 

From Figure 4, it can be seen that the 2 mm plate has lower wave attenuation at 100 kHz 

(α = 0.046 dB/mm) than the 3.6 mm plate (α = 0.099 dB/mm). Referring to literature for 

a qualitative comparison, Herrmann et al. [28, 29] also showed a similar behaviour of the 

attenuation coefficient for the A0 mode in 12-ply and 16-ply UD plates. The attenuation 

values were respectively = 0.025 dB/mm and 0.06 dB/mm (in the 0° direction). Two 

reasons seem to correlate to this behaviour: (i) the material thickness and (ii) differences 

in the materials used for their fibre-matrix system. Thicker materials generally show 

greater damping owing to increased energy absorption. Various studies have shown that 

the wave absorption coefficient of a composite material is a function of thickness and 

porosity. Furthermore, Prosser [30] discussed the influence of plate thickness on wave 

attenuation. It was demonstrated that the thicker plate increased the wave attenuation. To 

relate to the second reason, Biwa [31] indicated that a major governing factor of wave 

attenuation is the viscoelastic absorption in the matrix. This results in an increase of the 

wave attenuation with increasing matrix content. These seem to support the findings 

presented here, where the 3.6 mm cross-ply plate has higher matrix content (40%) than 

the 2 mm cross-ply plate (35%). However, it should be noted that both types of plates 

were made of different fibre-matrix systems, which could additionally contribute to the 

different wave attenuation of both plates.  

From Figure 4, a comparison between the 3.6 mm UD and the 3.6 mm cross-ply 

plates shows that the fibre arrangement (alternately arranged into the 0° and 90° 

directions) contributed to higher attenuation than the one with all fibres arranged in the 

0° direction. Although both plates are made of the same number of plies and have the 
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same material properties, the wave attenuation differed by 13%. This could be owing to 

the direction of measurements taken along the fibre direction (0°) of the UD plate, in 

which it has higher stiffness properties than in the cross-ply plate. In comparison to what 

has been published by other researchers, Ono and Gallego [32] measured attenuation 

coefficient (α) of the A0 mode = 0.08 dB/mm in a 16 cross-ply composite plate and α = 

0.06 dB/mm in a 16-ply UD plate in the 0° direction. Although the measurements were 

performed at 300 kHz, their results are qualitatively similar to the ones presented here, 

where the attenuation in the UD plate is lower than the cross-ply plate, although their 

number of plies and materials were the same. 

   
 

                                   (a)                                                                     (b) 

 
(c) 

 

Figure 4. Measured frequency-dependent attenuation coefficient together with 

DISPERSE predictions; corrected for geometrical beam spreading; excitation frequency 

50–150 kHz; measured in 0° direction; (a) 24-cross ply; (b) 8-cross ply; (c) 24-

unidirectional composite plates. 

 

Scattering of Guided Waves at Impact Damage 

Figure 5 presents the guided wave fields at various time snapshots for damaged composite 

plates 1 and 2. It can be seen that the incident wave interacts with the impact damage and 

causes scattering within the damaged region. Relatively weak scattering by the damage 

is present when the incident wave arrives (Figure 5a and Figure 5c), then a significant 

increase of the scattering is apparent when the wave has travelled past the damaged area 

(Figure 5b and Figure 5d). Based on the observation, a significant portion of the waves is 
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also reflected back from the exit of the impact damage. These reflected waves travel 

within the damaged region and keep reflecting back at both the entrance and exit of the 

impact damage. As a consequence of these multiple reflections, a considerable amount of 

guided wave energy is trapped inside the impact damage area. This causes an increase in 

the amplitude of the wave in that region. The amplitude of the transmitted waves 

diminished noticeably after passing through the impacted area. Similar wave behaviour 

was also observed by Sohn et al. [33], where the measurement was performed on a quasi-

isotropic composite plate. In the FE results in a different publication [34], a similar 

reduction in the amplitude past the delamination area was observed, which is in agreement 

with this experimental measurement. Comparing both specimens, which were treated 

with the same 7.4 J impact energy, it can be seen that guided wave scattering in both 

plates is unique and such variations are expected owing to the complexity in the failure 

mechanism of impact damage. 

 

  

  
 

 

Figure 5. Experimental guided wave displacement fields in two composite plates. Plate 

No. 1, snapshot time: (a) 20 μs and (b) 30 μs. Plate No. 2, snapshot time: (c) 20 μs and 

(d) 30 μs. 7.4 J impact; 40 × 40 mm scanned area. 

 

Figure 6 presents an image of the maximum amplitude of the enveloped signal 

over the damaged areas in both specimens. Areas of higher amplitudes can be seen that 

occur close to the impact location centre (x = 20 mm, y = 20 mm). This indicates the 

presence of severe damage, such as delamination or fibre and matrix cracking, and 

matches reasonably well with the visually observed size of the impact damage on the 

plates. Meanwhile, the undamaged area is represented by the low amplitude distribution. 

From the figure, three different zones can be observed and each zone has its own wave 

(a)  (b) 

(c) (d) 

Incident wave 

Incident wave 
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propagation behaviour; (i) zone 1: before the impact damage (x < 15 mm), (ii) zone 2: 

across the impact damage (15 mm < x < 25 mm) and (iii) zone 3: behind the impact 

damage (x > 25 mm). The first zone (before damage) shows the incident waves 

propagating towards the impact damage location. 

 

 
Figure 6: Experimental guided wave pulses across damaged area of composite plate: a) 

plate 1; b) plate 2. Frequency 100 kHz; 40 × 40 mm area with impact location at centre 

(x = 20 mm, y = 20 mm). 

 

Reflected waves propagating back towards the excitation source can also be seen 

there. Some periodical increase and decrease of the amplitude is visible in the region 

around x = 15 mm, potentially indicating the interference between the incident and the 

reflected waves at the impact damage. In zone 2, high amplitudes of the A0 mode signals 

are visible, which could indicate the multiple reflections and scattering events within the 

impact damage area. Meanwhile, in zone 3, the transmitted waves propagating out from 

the damaged area are seen to be blocked in certain direction with significantly reduced 
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signal amplitudes. Considerable waves transmitted across the impact damage indicate that 

probably little mode conversion occurred. The cross-section of the impact damage in plate 

no. 1 can be roughly approximated with a length of 10 mm (x-axis) and a width of 20 mm 

(y-axis), identified by the higher amplitude maxima. For plate no. 2, the cross section area 

of the impact damage can be estimated to be about 10 × 25 mm. Comparing to the FE 

simulation results [34], good agreement between the experimental and simulated results 

was achieved. Similar wave propagation behaviour before and within the impact damage 

can be observed from both results. The increase in amplitudes identifies the localisation 

of the impact damage in the measured area.  

 

CONCLUSIONS 

 

The use of the A0 guided ultrasonic wave mode excited at 100 kHz for the detection and 

characterisation of impact damage in composite plates has been shown, with a view to 

employing this methodology for composite structural health monitoring. The measured 

wave velocities and attenuation are reasonably in agreement with the Finite Element 

simulated results. The highly dispersive behaviour of the A0 can be observed at 

frequencies below 50 kHz. Meanwhile, a repeatable scattering pattern at the impact 

damage was observed experimentally. The location of the impact damage can be 

identified by the increase in amplitude and subsequent significant amplitude reduction 

past the damage location. Good agreement between the experimental and finite element 

results was obtained. This study demonstrated that low frequency A0 guided wave mode 

generated by a piezoelectric transducer can be successfully employed to monitor impact 

damage in composite plates. The potential of guided waves for monitoring composite 

structures has been shown in this study, and a better understanding of the guided wave 

interaction with defects was achieved.  
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