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Abstract 

Composite materials are made from two or more components, which produces a material having physical 

characteristics different from their constituent. The composite manufacturing process produces an infinity of 

shapes, dimensions, and composition of material. Nowadays, ultrasonic assessment methods are one of the 

principal NDE techniques for composite material assessment. They can solve a wide range of applications and 

composite challenges. This scientific paper starts with a presentation of the ultrasonic NDE technic capabilities, 

then addresses some of the general challenges related to composite inspection such as part complex geometries, 

sizes, and attenuation. Finally, it presents real customer challenges and the NDE approach taken to solve them. 

The latest ultrasonic NDE technology analysis tools have been used to evaluate the cases and propose solutions 

based on statistical metrics. 
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1 Introduction 
 

This paper presents different ultrasonic-based techniques to achieve composite material 

inspection. Some of these techniques are more convenient depending on particular defect 

orientations. We start with an overview of the physical properties and constraints related to the 

ultrasonic inspection techniques. Then we will present an overview of some specific 

ultrasonicbased techniques available. Finally, we will present some real applications. 

 

2 Composite Materials and Associated Defects 
 

Composite materials are a homogenous material made from two or more components, which 

produce a material having better characteristics than the constituent materials. Therefore, 

composites end up having an infinity of properties and geometries which make it difficult to 

generalise the inspection approach. Furthermore, ultrasonic-based techniques are classified, 

most of the time, has contact-based techniques, which normally require a direct contact 

between the probe and the part to ensure ultrasonic propagation; which is another limitation for 

complex geometries. Composite materials are subject to different kind of defects. Ultrasonic 

techniques are usually sensitive to the defect orientation and are not suited for any planar 

vertical defects. For such defects, other techniques should be considered to increase the 

inspection quality. An exhaustive study about NDT composite in the Technology Survey on 

NDT of Carbon-fiber Composites1 has developed a quantitative chart (see Table 1). This chart 

defines the level of applicability of ultrasonic techniques toward the most common type of 

defects found in composite materials. The defects are rated from 0 to 10. 0 means that it is 

impossible to detect such flaws. A rating of 5 means that ultrasonic might detect such flaws in 

suitable acquisition conditions. 10 means that ultrasonic testing is the technique of choice for 

such flaw categories. In addition to Table 1, Figure 1 illustrates typical discontinuity types in 

composites. The red arrows beside the defect represent the stress orientation required to obtain 

such results. 
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Table 1 – UT applicability for different types of defects in composite materials 

 
Type of Defects UT Applicability 

Disbond or delamination1 9-10 

Fibre breakage 0 

Void 6 

Impact 10 

Porosity 5 

Inclusion 7 

Erosion 9 

Core splice 2 

Core disbond 10 

Matrix cracking 0 

Fibre wrinkling 6 

Resin pool 6 

Excess of fibres 5 

 

 
Figure 1  Typical discontinuity types 

 

The ultrasonic technology does not perform well with matrix cracks and fibre breakages. These 

defects are parallel to the wave propagation and have a planar space orientation. The lack of 

surface for such defects does not make them good reflectors for ultrasonic-based techniques 

and make them almost impossible to detect. On the other hand, defects such as disbond, 

delamination, erosion, or impacts are perpendicular and planar which make them good 

reflectors and the time of flight information remains the most reliable inspection. Other defects 

in Table 1 such has void, porosity, or resin pool are characterised as volumetric flaws which 

make them good reflectors in favourable conditions. For those defects, the amplitude-based 

technique remains the most reliable approach. 

 

3 Ultrasonic Inspection Techniques 
 

Ultrasound is a mechanical vibration that travels through a medium using a frequency above 

the range of human hearing. There are two propagation modes inside a material: longitudinal 

and shear waves. For composite inspection, because of its anisotropic property, the propagation 

mode generally used is the longitudinal wave. 

Linear scan is based on an array probe technology and Figure 2 shows how this type of scan is 

working. A linear scan uses a fix group of elements of a linear array probe to pulse a single 

straight beam (1). Then it shifts one element and pulses another adjacent beam (2). This 

sequence is repeated over the full length of the array (3). 

 



 

 

 
Figure 2  Linear or electronic scan algorithm representation 

 

2.1 Ultrasonic Data Representation 

 

Conventional ultrasonic equipment displays the wave propagation information inside the part 

by using an A-scan. The A-scan signal is generated by a mechanical wave bouncing back from 

the probe piezoelectric crystal where the mechanical energy is converted into an electric signal. 

There are fundamentally two types of information that could be extracted from this 

representation: the amplitude of the signal and the time of flight of the reflection. With 

electronic improvements, new ways of representing the information has appeared based on 

dimensions, with the use of an encoder, such as the B-scan (1 axis) and the C-scan (2 axes). 

While the B-scan represents a cross section of the part thickness, the C-scan represents a top 

view of the two-dimensional encoded area; where, time of flight or amplitude values are 

represented using a colour-coded palette. The information of the palette is extracted using gates 

based on different approaches such as the highest peak and echo to echo (Gate 1 – Gate 2). The 

extracted information should be in accordance with the flaw described in Table 1 of the 

Erreur ! Source du renvoi introuvable. article. 

 

   

Figure 3  A-scan (left), B-scan (middle), and C-scan (right) representations of ultrasonic signal representation 

inside the part 

 

For composite, the phased array technology is using the same ultrasonic physics principal as 

conventional ultrasound. The concepts of A-scan, B-scan, and C-scan are still used and the 

representation of the information based on amplitude or time of flight is still applied. The main 

advantage with phased array ultrasonic is the speed improvement generated by the size of the 

array driven by the linear scan; which, when optimised, can be several inches. As explained 

earlier, a C-scan displays the inspection information of the part using a top view. It is a 

twodimensional representation of the part from above; usually showing defects and indications 

clearly. Interpretation of this imaging is easier and intuitive. Both amplitude and time of flight 

information are important because they highlight defect zones differently. The software allows 

standard and customisable brilliant colour palettes to highlight structural change in the 

component. Figure 4 shows examples of typical composite defect orientations and C-scan 

representations. 
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Figure 4  Typical composite defect orientations and their representation in a C-scan 

 

Moreover, the recording capability, in terms of speed and file size, increases the inspection 

productivity compared to traditional techniques. Therefore, the C-scan mapping, using 

advanced linear array technologies, is yet the most efficient technique to make fast analysis of 

small and large sections of a composite structure. 

 

2.2 Recommended Accessories and Probes Frequency for Common Applications 

 

Every composite material has its own recipe and should have its own optimise inspection 

strategies. First, the inspector has to determine if the suspected flaw is ultrasonically friendly, 

then has to choose between a conventional and a phased array linear scanning approach. Both 

techniques are reliable to assess composite materials. However, it is generally easier and faster 

with the linear scanning approach. After, the remaining challenge for such inspections is in the 

probes and accessories selection. Table 2 gives suggestion for the probe and accessory selection 

for generic composite inspection applications. This list is not exhaustive but is a good starting 

point. 

 

Table 2 – Composite inspection requirements and potential solutions 

 

Composite Requirement Potential Solution 

Skin inspection; thin layer <5 mm • Delay line 

• Very high frequency probe; ≥10 MHz 

Thick blades; glass fibre reinforced, 

coarse structure 
• Low frequency, ≤3 MHz 

• 1 to 2 MHz usually 

• Avoid short delay line 

• Enlarged PA elements, that is ≥1 mm x 

10 mm  

ID corner inspection; low clearance 

access 
• Immersion to prioritise 

• Curved array 

• Flexible array. 



 

 

Composite Requirement Potential Solution 

Large 2D mapping 5 to 75 mm thick  

(0.20 to 3 in.) 
• Typically 5 MHz 

• Symmetrical aperture 

• 64element array, pitch 0.8 mm by 

6.4 mm 

• WheelProbe 2 to prioritise 

• C-scans 

Manual inspection • Rubber delay line recommended 

• Small encoder 

• 2 to 5 MHz 

• C-scans 

 

The selection of probes and accessories is based on the logic of ultrasonic physics and follows 

these principles: 

• Using a very high frequency probe generates a great sensitivity but the attenuation is 

also generally aggressive (100 dB/m or >2.54 dB/in.). 

• Medium range absorption like resin has an attenuation range of 10 to 100 dB/m (0.25 

dB/in. to 2.52 dB/in.). For that type of material, a frequency range from 3 to 5 MHz 

would generally give the best results. 

• High absorption range like glass fibre reinforced would generally give best result with 

1 to 2 Mhz. Trough transmission, conventional, dry scan inspection might give good 

results as well. 

• For complex geometries, an immersion approach will generally give the best result. 

However, flexible probes, curve arrays, and even the WheelProbe can give good 

results. 

 

2.3 Advanced Software Tools Improvement for Composite Inspection 

 

Composite material assessments using the linear scan technique and a C-scan representation 

would generally be done in two steps: acquisition and analysis. At the acquisition step, there 

may be some changes due to the acquisition condition or imprecision due to the starting 

position of the scanned area. The latest advanced analysis software for composite inspection 

allows individual C-scan strip adjustments for both sensitivity and starting position. Figure 5 

shows an example of sensitivity adjustment. 

 

 
Figure 5  Post-acquisition sensitivity adjustment of a multi C-scan data set 

 

This sensitivity adjustment feature is especially useful when dealing with composite ultrasonic 

testing using amplitude assessment-based solution. Figure 6 shows an example of 

postacquisition starting position correction. 

 



 

 

 
Figure 6  Post-acquisition starting position adjustment of a multi C-scan data set 

 

This starting point adjustment feature is especially useful for defects for which the overall size 

is important such as delamination. Also, for component having thickness, process, or geometry 

variations, advanced analysis software offers the possibility to combine inspection data sets 

made with different probes and accessories. 

 

Table 3 – Multiple probe frequency inspection of the same part 

 

 Amplitude Time-of-flight (Depth) 

5 MHz 

  

10 MHz 

 
 

T-scan stitching: 

left = 5 MHz 

right = 10 MHz 

  

 

Delamination evaluation after an impact damage – User case #1 
 

The first user case is a study about delamination characterisation on a composite sandwich 

material after a mechanical impact at room temperature. The global thickness of the sandwich 

structure is about 15 mm (12.6 mm for the core and 1.2 mm for each film adhesive). The film 

adhesive has a ply sequence of [(±45)/(0/90)/(0/90)/(±45)] and is a plain weave type made of 

carbon and epoxy. The total density of the structure is of 48kg/m3 and the ply and core are 

bonded together using an epoxy adhesive. There were three impacts (5 kg, 10 kg, and 20 kg) 

done at a speed of 1m/s with a 12,7mm steel ball. The customer wanted to correlate the force 

of the impact with the delamination dimension area. Figure 7 show the C-scan imaging of the 

impact sample with an automatic defect tool contouring measurement optimised to detect 

delamination and the associated delamination area measurement. 

 

5 MHz  10 MHz  5 MHz  10 MHz  



 

 

 
Figure 7  C-scan imaging of the impact damage for delamination of 5 kg (left), 10 kg (middle), and 20 kg (right) 

 

On the Figure 7, the black colour around the white impact damage represents the 

delamination zone. The user used Sonatest  C-scan technologies prior to the impact (To 

validate the structure quality at the impact point) and after the impact for flaw dimension 

calculation.  

 

Advance porosity assessment – User case #2 
 

The second user case example is about an advanced porosity assessment. The sample used for 

the acquisition is made of thin layers of composites (2 mm to 3 mm thick). The porosity size 

to detect is 0.1 mm to 1 mm. The customer sent a few samples with different porosity sizes 

already characterised by other alternative techniques. Typically, there are two approaches to 

assess porosity. The first one is to monitor the back wall echo amplitude of the part in a C-scan 

view and the other one is to monitor the area between the interface echo and the back wall 

echo. As displayed in Figure 8, the back wall echo amplitude signal does not seem to be a 

reliable source of information. The main reason is the variation of the coupling and pressure of 

the probe. 

 



 

 

 
Figure 8  Unreliable back wall echo after sensitivity calibration 

 

The probe (5MHz-64E-0.6P) selection for this acquisition was also lacking sensitivity and time 

of flight resolution (too large compared to the 0.1-mm porosity requirement). 

For the second acquisition, the probe (10MHz-64E-0.6P) was selected and the area between 

the interface echo and the back wall echo was monitored. During the acquisition verification, 

the peaks were still wide (0.8 mm) and yet not accurate enough to gather correct back wall 

measurements. During the tests, luckily, the A-scans kept a growing amplitude signature while 

the porosity level reference increased. 

The amplitude signal variation of the A-scan was following the porosity reference level found 

by the other techniques. What seems at first to be a noise related signal was in fact a small 

energy reflection coming back from the small porosity. Once the porosity signal was recorded 

and extracted, it was possible to correlate precisely the energy reflected by the porosity (signal 

amplitude) to the porosity size found by the alternative techniques. Once the sensitivity 

calibration and the correlation established, the technique was reliable enough to be 

implemented as an official way of assessing those porosities improving greatly the inspection 

speed. In the end, the signal-to-noise ratio of the RSflite instrument is, for this specific 

application, essential to obtain the best results. 

Finally, the average and standard deviation values were automatically output using 2D software 

cursors as shown in Figure 4. 

 

 
Figure 9  Amplitude C-scan (top). Annotations with fewer porosities (left) and with more porosities (right) 

 

The C-scan section on the right has an average of +3.6% and gets a higher deviation. This view 

and its measurements represent a higher amplitude and more spread sampling over the C-scan. 



 

 

Once correlated with referenced porosity levels, the inspection procedure can be completed as 

requested. As a complement of conclusion, Table 4 exposes the challenges and their solutions. 

 

Table 4 – Problems to solve for small porosity inspection 

 

Issues Comments and Resolution 

Unreliable back wall echo Gates to C-scan noise monitoring 

High gain inspection 

Porosities signal mixed with noise 

Cannot change probe sensitivity 

Increase probe aperture and focusing on an 

aperture of 8 to 16 elements 

Low SNR instrument 

Large C-scan data to analyse Automated software cursor measurements 

 

4 Conclusion 
By developing portative and innovative inspection solution, Sonatest has for objective to 

support the growing composite industry inspection challenges. This article presents some of 

the latest ultrasonic technologies. This paper highlights the importance of the ultrasonic 

equipment’s, probe & accessories and software analysis selection in terms of the inspection 

performance output. The user’s case at the end, gives a good example of innovative solutions 

for complex inspection challenges that have been solved with the newest available 

technologies. 
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