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Abstract 
Combining high quality CT scan data with computational methods presents itself as a valuable technique for 

NDT and the investigation of physical phenomena. Crucial to the success of such an analysis is the ability to 

represent the image data accurately and efficiently Novel techniques for generating robust and accurate meshes 

based on radiographic imaging data have recently been developed which can generate meshes for topologies of 

arbitrary complexity and with any number of constituent materials. These techniques have been applied to the 

analysis of a ceramic matrix composite (CMC) material with matrix voids in order to identify peak stress 

concentration, and areas of potential failure through crack initiation. 
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1.  Introduction 
 

Computational techniques, such as the Finite Element Method (FEM), are major tools utilised 

in many fields of science, engineering, design and manufacturing. Many industrial fields, such 

as automotive, aerospace, electronics, etc., depend on computational mechanics to model and 

numerically simulate complex systems for analysis, design, and manufacturing of high-

technology products. These methods are also applied to characterise materials and verify 

experimental findings. 

Integrating computational approaches with radiographic testing is of high interest to the NDT 

community [1-3] as it offers researchers the means to go beyond simple image analysis and 

quantitative image assessment. It allows the use of accurate 3D visualisation to generate an 

image-based finite element model, and to calculate the localised stress and strain field around 

hidden anomalies, discontinuities, cracks and other critical deformities in various structural 

and non-structural components. Such an analytical technique is highly desirable for accessing 

the integrity of a material without any actual destructive tests [4]. Crucial to the success of 

such a simulation is the ability to represent the image data accurately and efficiently. Novel 

methods of generating these models directly and robustly from the radiographic data have 

recently been developed [5]. These techniques have several key advantages, including the 

ability to robustly generate meshes for topologies of arbitrary complexity (such as composite 

micro-architectures) and with any number of constituent materials. The accuracy of 

reconstructions is a particular strong point of these new techniques with geometric accuracy 

only contingent on image quality. 

This paper presents the practicality of image-based FEM with respect to NDT and its 

applicability in providing a robust approach for quantifying, translating and analyzing 

radiographic data. The sections below demonstrate the approach on a specific example of 

internal defects of a ceramic matrix composite. 
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2.  Ceramic composite material structural testing 
 

The ceramic matrix composite (CMC) material system has been a focus for high temperature 

applications, such as engine hot section components, because of its low density compared to 

metals, and because it offers a lighter component mass [6]. Currently, the manufacturing of 

these ceramic matrix composites is still not perfect, giving rise to matrix voids [7]. Hence, a 

detailed characterisation of these discontinuities is imperative to the material researcher’s 

being able to understand their role on the material behaviour of such a complex material 

system. 

 

2.1  CMC specimen and CT scan 
 

In this study, dog bone shaped specimens (c.f. Figure 1) were extracted from a panel made out 

of a CMC material, which consists of 40% Sylarmic fiber, 6-7% porosity, Boron Nitride (BN) 

internal coating, 20-25% Chemical Vapor Infiltrated (CVI)-SiC coating, and Melted Infiltrate 

(MI) matrix. The material was fatigue tested and scanned with computed tomography before 

and after cycling to portray the initial matrix porosity’s locations and sizes using a series of 

2D computed tomography slice images [8]. Thus, with the current advances in computed 

tomography imaging, 3D rendering techniques and computational interlinking, destructive 

characterisations can be eliminated for discontinuity sizes as small as the accuracy of the 

microfocal X-ray source used. 
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Figure 1. CMC’s Tensile Specimen Dimensions and a selected CT slice. 

 

For this study, 20 2D slices of around 0.2 mm were required, given the accuracy of the CT 

system used in this study. The in-plane resolution of the scanner was 0.2mm (in both X and Y 

directions), whereas the separation between each slice was 1.25 mm. Structural deformities 

such as surface roughness of the matrix as well as other internal critical anomalies are 

depicted in the 3D rendered model. Figure 2 shows a rendered model illustrating various 

anomalies within the ceramic materials. 

 



 
Figure 2. Rendered view of the scan data with detail of holes. 

 

2.2  Mesh generation 

 

The NDT-FEM interface in this image-based example is initiated by generating a number of 

finite element meshes based on the 3D segmented image data. Using Simpleware’s 

ScanIP+FE software ensures high accuracy of the reconstruction. Unlike many smoothing 

schemes, the anti-aliasing techniques implemented in the software are volume, topology and 

geometry preserving; ensuring models whose geometric accuracy is contingent only on image 

quality. 

Since mesh refinement and accuracy is closely connected to image resolution, and in order to 

explore convergence of results (field parameters of interest), the image is down-sampled to 

create two different sizes of volumes to generate high- and low-resolution models. An 

obvious observation can be made here about image-based models versus CAD-based models 

[5]. For instance, unlike CAD models, where the geometry of the model is assumed to be 

exact and mesh density is increased principally in order to obtain a better model of the field 

parameters of interest (say the stress field within a loaded structure), with image-based 

models, both the response and the geometry of the system are approximated. By generating 

models based on increasing image resolutions, one not only improves the modelling of the 

response but also the representation of the geometry. Hence, one can essentially perform a 

dual or coupled convergence study. This type of study provides powerful arguments for the 

validity of the simulations as a convergence of results demonstrates not only that the mesh is 

of sufficient density to capture the field parameter of interest, but also, and just as 

importantly, that the image resolution on which the model is based is high enough to capture 

relevant features in the scanned object. 

Ten models were generated using 20 iterations applying a multipart anti-aliasing algorithm, 

followed by two iterations of Laplacian smoothing. This ensured high accuracy of the 

reconstruction. Mesh optimisation parameters ensured that the element quality index reached 

an optimum value, allowing off-surface nodes to be within a pixel distance. Figure 3 shows a 

model that represents a view of the mesh and the internal features, illustrating various 

anomalies within the ceramic materials. 

 



 
Figure 3. Wireframe view of the volume mesh. 

 

Structural deformities such as surface roughness of the matrix and other internal critical 

anomalies were all represented in the 3D rendered model. Prior to invoking the 3D volume 

construction process, image processing and other related manipulations to improve and 

enhance the quality of the computed tomography scan slices were made. 

 

2.3  Finite element analysis 
 

A series of FE analyses were performed under various specified loading conditions using both 

Ansys (ANSYS, Inc.) and Abaqus (SIMULIA, Inc.) finite element codes. A wide range of 

analyses were carried out to explore the sensitivity of numerical predictions to a range of 

parameters, including mesh density and segmentation parameters. The work shows that new 

image-based meshing techniques can provide a robust and turnkey approach to the 

understanding of the influence of microstructural characteristics on macrostructural (bulk) 

properties of complex composites. Increasing mesh density provides not only better 

representation of the field parameter of interest, but also better geometric representation of the 

problem. The predicted effective modulus was relatively insensitive to mesh density; 

however, the peak stresses observed within the matrix (at stress concentration points caused 

by holes) were, as can be expected, quite sensitive. In addition, peak stress concentration, and 

hence areas of potential failure through crack initiation, were identified. The finite element 

analysis shown in Figure 4 indicated that the stress risers in the composite are located at 

expected sites such porosities and voids locations. The work demonstrates that FE models 

based on an accurate 3D model from CT data are an essential tool to quantify the effects of 

internal defects in complex material systems such as CMCs. 

 

 
Figure 4. Stress distribution showing critical regions / high stress risers. 

 

This combination of experimental testing with NDT-FEM allows carrying out experimental 

studies in parallel with analytical ones on the actual sample scanned, and the ability to better 

explore stability and failure mechanisms. 



3.  Conclusions 
 

This article provides a descriptive summary of the interaction between radiographic NDT 

techniques and computational methods. The applicability of FEM combined with selected 

NDT techniques were presented by showing an example of internal defects in a ceramic 

matrix composite (CMC) material system.  

A wide range of analyses were carried out to explore the sensitivity of numerical predictions 

to a range of parameters including mesh density and segmentation parameters. The work 

shows that new image-based meshing techniques can provide a robust and turnkey approach 

to the understanding of the influence of microstructural characteristics on macro structural 

(bulk) properties of complex composites. 

Increasing mesh density provides not only better representation of field parameter of interest 

but also better geometric representation of the problem. The predicted effective modulus was 

relatively insensitive to mesh density however the peak stresses observed within the matrix (at 

stress concentration points caused by holes) was, as can be expected, quite sensitive. 
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