
NDE 2017 Conference & Exhibition of the Indian Society for NDT (ISNT), 14-16 December 2017, Chennai, T. N., India. 

 

1 

 

3D Computed Tomography (CT) – A Powerful Tool for defects 

characterization in Aerospace Composite liners   

C. Muralidhar, M. P. Subramanian, V. Ravi Shankar and G. Chandrasekhar 
Directorate of Non Destructive Evaluation, Defence Research & Development Laboratory 

 Kanchanbagh, Hyderabad – 500 058, India 

E-mail: dr_c_muralidhar@rediffmail.com, mp.subramanian@gmail.com 

ravishankar.vunnam@gmail.com, golichandrasekhar@gmail.com. 

 
Abstract 
Composites are extensively used for Aerospace application. Carbon Phenolic (CP) composite liner is made with 

prepreg pieces of carbon Phenloic in a random dispersal using compression moulding technique. The CP liner, 

being an Aerospace mission critical component, gets exposed to combustion gases of high temperature and 

pressure during propellant burning. Therefore, the type of defects, location and their extent in 3 dimensions will 

affect the performance of the liner. In view of this, we have characterized the defects in CP liners using   X-ray 

3D Computed Tomography (CT) system. The CT system with 2D Flat Panel Detector (FPD) can directly 

generate 3D volume from 2D X-ray projections (DR) of the object. The 3D CT system can be used in both 

Digital Radiography (DR) and Computed Tomography (CT) modes and both methods are employed on CP 

liners to evaluate the defects. The paper discusses about the advantages and limitations of DR and CT in 

characterizing the defects in CP liner.       
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1. Introduction 

 

Non Destructive Evaluation (NDE) deals with the evaluation of nature of defects in 

hardware without affecting its functionality and useful lifetime. This scope can be further 

extended by coupling the observations of NDE with other branches such as structural analysis 

in evaluation of structural integrity. Conventional NDE methods such as X-ray Radiography 

and Ultrasonic methods are extensively used for evaluation of hardware ranging from metals, 

composites, ceramics, for finding out various defects. However, Radiography compresses 3D 

information of an object into a 2D image and also difficult in detecting multiple and collinear 

defects. Ultrasonic methods pose ambiguity in locating and finding the extent of defects 

while inspecting multilayered structures and thick composite components. Both these 

methods do not provide accurate 3-D information pertaining to the extent of defects. These 

difficulties in inspection can be overcome by advanced NDE methods such as Computed 

Tomography (CT). 

 

Carbon Phenolic (CP) composite liners, used for Aerospace application, are made 

using compression moulding technique. The manufacturing process adopted comprised of 

stuffing the annular space of the mould with prepreg pieces of Carbon Phenloic (CP) in a 

random dispersal. This randomness orientation of fibres cannot be designated as conventional 

laminated composite. The incidence of defects will be of different nature with respect to 

shape, size and orientation. The probable reasons for the defects in the CP liners made by this 

method could be a combination of the following, as their location and extent in 3 dimensions 

affect the liner performance, so they are to be thoroughly investigated.  

 

I. The quality of the prepreg pieces specifically with respect to prepregging and 

storage. 

II. Dryness of the prepreg : the material may have been beyond useful life or the 

fibre would not have been wetted with resin. 
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III. Resin flow : poor resin flow during compression/compaction under heat during 

curing 

IV. Insufficient filling : short filling of material 

V. Poor compaction: application of insufficient pressure during curing. 

VI. Compaction is done at temperature below that allows flow of resin. 

 

Computed Tomography (CT) generates a thin cross-sectional (slice) image of an 

object, which represents point-by-point distribution of linear attenuation coefficients. Further, 

CT images are free from interference of overlying and underlying areas of the object and are 

highly sensitive to small density differences (<1%) between structures. We have investigated 

the defects in CP liners using X-ray 3D Computed Tomography (CT) system [1]. The CT 

system with 2D Flat Panel Detector (FPD) can directly generate 3D volume from 2D X-ray 

projections (DR) of the object using Cone Beam Reconstruction Algorithm. The 3D CT 

system can be used in both Digital Radiography (DR) and Computed Tomography (CT) 

modes and both methods are employed on CP composite liners to characterize the defects. 

The paper discusses the advantages and limitations of DR and CT in defects characterization, 

extent of defects in 3 dimensions in CP liners and also discussed the efforts made to resolve 

missing material and resin rich area through CT. Similarly W. C. Scarfe et.al. [2] explained 

what cone beam CT is and how it works and J. Noel et.al. [3] discussed the advantages of CT 

in 3D scanning of Industrial Parts. 

 

2. Experimental Procedure 

 

DRDL has developed X-ray 3D Computed Tomography (CT) system, first of its kind 

and class of system using 450 kV X-ray source, 2D Flat Panel Detector (FPD), 6-axes 

mechanical object manipulator with cone beam Feldkamp reconstruction algorithm to handle 

objects of 1000 mm diameter and 2000 kg weight. The resolution of the CT system is 300 

µm.  

 

 
Fig. 1 3D CT system with FPD 

 

 

Fig. 1 shows X-ray 3D CT system developed (with an X ray source on right side and 

FPD on the left side). The time taken for generating the full 3D model of CP liners is about 

45 minutes, which is much faster compared to 3D model generated by stacking 2D slices, 

generated using Linear Detector Array (LDA). The 3D model can be cut at an angle to view 

the defects and to get dimensions including inaccessible areas.  
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3. Results and Discussion 
 

Fig. 2 shows DR of the CP liner. DR showed both missing material and Resin rich 

area as black, but they could not be clearly differentiated one from the other. Further, it is 

difficult to measure their depth and extent in 3 dimensions from DR. The detection of 

multiple defects, their extent in 3 dimensions is also difficult as Radiography compresses 3D 

information of object into a 2D image in DR.  

Generally DR provides one view of the CP liner, where as 3D CT collects several 

DRs from 360 degrees prior to generate 3D model of the CP liner. Figs. 3 (a, b, c) show the 

front view, side view and 3D model of CP liner respectively. Further, CT revealed multiple 

defects as is evident from fig. 3, measured the sizes of missing material, resin rich area and 

ascertained their extent in 3 dimensions, where as DR is unable to provide the same. It is 

evident from the above results that 3D CT is highly valuable over DR in viewing the multiple 

defects with 3D model of liner to cut an angle of choice to view the extent of defects in 3 

dimensions.      

Missing material is the predominant defect observed in the CP liners as is evident 

from the images of DR (fig. 2) and CT (fig. 3). These defects arise due to the improper 

compaction mainly responsible during filling of raw materials in the matched-die-mould and 

subsequent to improper curing parameters during curing as explained above in detail. 

Delamination does not arise because randomness in orientation of CP prepreg pieces were 

used instead of laminated layers during manufacturing of liner. Therefore, the missing 

material occupies a large area against void, which occupies a small localized area. The 

missing material as well as resin rich area appears black in an X-ray radiograph, often 

difficult to resolve them undoubtedly, so we have attempted to resolve the same through CT 

using density profiles as discussed below.  

 

Fig. 2: Digital Radiograph (DR) of CP liner 
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Fig. 3: 3D CT images show a) front view, b) side view and c) 3D model of CP liner. 
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Fig. 4: Cross-sectional image of CP liner with density profiles plotted at the lines marked 

reveal sharp fall in pixel values for missing material and smooth transition for resin rich area 

and intact regions.    

Fig. 4 shows the cross-sectional image of CP liner with density profiles plotted at the 

lines marked which covers defect and defect free regions. It is evident from fig. 4 that a sharp 

fall in pixel values observed for missing material region, where as smooth transition observed 

for resin rich region and /or intact region, thus CT is able to differentiate both of them 

undoubtedly. On the contrary, DR showed same contrast for both resin rich area and missing 

material thus unable to differentiate them. Thus CT clearly differentiated missing material 

from resin rich area, similar type of differentiating through DR and other NDE methods is 

difficult to obtain. Thus 3D CT has become handy and highly useful in characterizing the 

defects in CP liners to know their type, location and extension in 3 dimensions. 

 

4. Conclusion 

The capabilities of 3D CT in characterization of defects in CP liner have been demonstrated, 

identified missing material from resin rich area and measured their sizes in 3D. 3D CT has 

emerged a powerful Non Destructive Evaluation (NDE) evaluation tool for CP liner, being 

Aerospace mission critical component, as compared to DR and other NDE methods, 
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