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Abstract 
For several years, the carbon fibre reinforced plastic (CFRP) material has been used in the design of structural 

parts of commercial airplanes. The integration of functionalized structures, such as stiffeners, or corners makes 

the manufacturing process more complex and may induce some waviness caused by unbalanced constraints 

during the curing. This causes accumulation of resin on the top surface that is necessary to measure. This paper 

presents a method that is recently implemented in production lines to measure the resin thickness located on the 

surface of CFRP parts. The optical coherent tomography (OCT) is a non-contact and non-invasive technique that 

is very helpful to evaluate the depth of resin in different location of a CFRP part without drilling and damaging. 
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1. Introduction 
 

For several years, the carbon fibre reinforced plastic (CFRP) material replaces the metallic 

material in the design of structural parts of commercial airplanes. CFRP offers lightweight 

and high mechanical resistance. Furthermore, the integration of functionalized structures, such 

as stiffeners or corners makes the manufacturing process more complex. During the curing 

process, there may be some cases where resin is not homogeneously distributed in the 

material and can accumulate on the top surface. This may indicate the presence of waviness 

inside the material that may decrease the mechanical properties of the CFRP part. Until 

recently, the measurement of resin thickness was performed by drilling and removing the 

matter with the risk of damaging the first ply of carbon fibre. This method is furthermore 

time-consuming and not satisfying for an industrial application. Being widely used in life 

science and medical applications [1-2], the OCT technology was proposed as a tool to 

characterize the shape and the resin thickness on the top surface. 

 

2. OCT principle 
 

The OCT method can be applied only in transparent or low scattering materials. Epoxy resin 

is widely transparent in VIS and near IR wavelengths that are commonly used in OCT 

systems. 

 

2.1 Time Domain OCT 

 

OCT is basically illustrated in the figure 1. The source is a low coherent laser and the beam is 

split into two beams in the Michelson interferometer setup to create a reference beam and a 

signal beam. The two beams interfere only when the optical paths are identical. Changing the 

length of the reference arm is the way to probe the inspected media at different depths. The 
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presence of interfaces inside the media caused by the change of the refraction index modifies 

the quantity of reflected light of the signal beam. 

 

 

 
Figure 1. Scheme of Michelson interferometer for Time domain OCT 

 

2.2 Fourier Domain OCT 

 

Based on the same principle of optical interferometry, the Fourier Domain OCT presents 

high-phase stability and high speed because there is no moving mechanics integrated. In 

Fourier Domain OCT, the interferogram is detected as a function of optical frequency. The 

reference arm being fixed, the light reflected from different sample depths produce 

interference patterns with different frequency components. As shown in the figure 2 [3], the 

depth profile of the sample is achieved by applying a Fourier Transform. 

 

 
Figure 2. Fourier Domain OCT Signal Processing 

 

3. Specifications for the OCT system 
 

Preliminary feasibility tests were performed to evaluate the capability of the technology on 

various CFRP specimens. First, the choice of the wavelength was driven by the absorption 

properties of the resin and the maximum thickness that is typically measured. The maximum 

resin thickness is generally less than 1 mm and the media is quite transparent. So it is not 

necessary to use IR wavelength >1µm. Nominal resin thickness is typically some tens of µm, 

so the accuracy should be less than 10µm. The measurement repetition rate should be fast 

enough so that the operator performs a real-time acquisition. 

The system should be able to perform at least 2D scans with low distortion. 

The equipment that fulfills the criteria is finally a trade-off between speed, accuracy and cost. 

Our choice is the Ganymede SD OCT from THORLABS that is a commercial system, whose 

specifications are written in the table 1. 



Table 1. GANYMEDE System Specifications 

 

Centre Wavelength 930 nm 

Imaging Speed (A-Scan Line Rate) High-Speed Mode: 30 kHz 

Medium-Speed Mode: 10 kHz 

High-Sensitivity Mode: 1.25 kHz 

Axial (Depth) Resolution (Air) <5.8 µm 

Lateral Resolution 8 µm 

Maximum Field of View 10 mm x 10 mm x 2.7 mm 

Maximum Pixels Per A-Scan 1024 

Optical Power on Sample 1.5 mW 

 

4. Waviness and resin flash 
 

From a study performed in Airbus, it was demonstrated that there is a correlation between the 

nature of the resin flash and the degree of waviness. Additional study involving mechanical 

tests didn’t reveal clear correlation between degree of waviness and mechanical tests. From 

this study, the design office established some criteria about the shape, depth and length of the 

resin flash. 

 
Figure 3. Corner with a resin flash in the internal radius 

 

5. Correlation between OCT and cross section 
 

 
Figure 4. Micrograph and OCT image of the flash resin 



 

Numerous micro-cut measurements and OCT measurements have been performed and 

compared. Statistically, the mean deviation is about 40µm which is very acceptable for our 

application. 

 

6. Surface defect characterization 
 

OCT measurement is also interesting for analyzing the surface defects, or for checking the 

arrangement of the lightning protection mesh grid.  

 

 
Figure 5. The mesh grid located in the master surface is only observed in the right image 

where the top layer is partially removed. 

 

 
Figure 6. View of meshgrid located in epoxy resin 

 

 
Figure 7. View of a print 

 

The OCT technology is very helpful to get information about the surface and sub-surface 

quality. Figure 5 shows some limitation of the technology when the layer on the top surface is 

too absorbing and scattering which induces multiple scattering effects. In this case it is 

difficult to observe the mesh grid. The epoxy resin is a low scattering media, so the mesh grid 

is clearly observed in the figure 6. The figure 7 informs about the shape and the evolution of 

resin thickness in a print. 

 



7. Conclusion 
 

The OCT technology was successfully introduced in Airbus plant to help and diagnose the 

quality of the CFRP panels. The OCT is essentially dedicated to the measurement of the resin 

thickness to detect and diagnose the presence of waviness.  This technology is also useful to 

image the layers above the carbon fibre where there are several additional, functional 

components such as lightning strike mesh grid.  
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