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Abstract 

 

Image-based modelling technology represents a fast-growing tool for using 3D image data such 

as CT, micro-CT and SEM as the basis for finite element and computational fluid dynamics. This 

paper discusses the latest developments in using numerical analysis techniques with image data, 

going beyond visualization, measurement and statistical analyses. 

 

Some of the key breakthroughs in software techniques for NDE and materials characterization 

include the ability to characterize properties such as permeability, porosity and elasticity, and 

meshing methods that ensure accurate multi-part models for design, simulation and Additive 

Manufacturing.Techniques have also been developed to calculate the effective material 

properties of scanned samples. Finite-element based homogenization can be used to calculate 

effective properties (elastostatic, flow, electrical…), enabling insights into material properties for 

scan data such as manufactured composite structures.  

 

For non-destructive evaluation, the ability to rapidly generate 3D models from image data allows 

for applications such as: visualization and inspection of defects during manufacturing and 

design; creation of simulation-ready models for FEA/CFD solvers; and quantification of material 

properties and problems such as cracks in samples. This paper will demonstrate the ease by 

which 3D image to visualization, analysis and model generation workflows can be combined. 

--------------- 

 

Introduction 

 

There are many benefits associated with image-based modelling for non-destructive evaluation. 

In this context, acquiring 3D images from scanning methodologies such as CT, micro-CT and 

SEM provides the basis for virtual evaluation of material characteristics through accurate 3D 

models; these models can be exported and used for simulation applications. Using image-based 

techniques for design and simulation tasks in materials science, manufacturing and other fields 

offers an alternative and complement to CAD-based methods where idealized geometries can 

over-simplify analysis, particularly when inspecting samples for defects and understanding their 

material properties. 

 

Software techniques have been developed at Simpleware Ltd. (Exeter, UK) that allow rapid 

characterization of material samples from 3D image data. As well as enabling visualization, 

analysis and model generation from imaging data, providing insights into material 
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effective properties from the volume fractions (or higher-order correlation functions) and 

properties of individual constituent phases [4]. More recent advances in computing power and its 

availability to users mean that effective properties can be solved by numerically solving a family 

of boundary value problems imposed on a sample of the chosen material; this approach is more 

robust for taking into account the complex geometry of composite materials, and can solve the 

problem of looseness of bounds for composites with highly contrasting phases. 

 

The methods developed at Simpleware for its Physics Modules use a built-in finite element 

solver to calculate the response of a cuboidal sample of a material to a specific sequence of 

boundary conditions associated with chosen physics; the material’s effective properties are 

derived from the results of these simulations. A range of predefined boundary conditions are 

supported by the solver, covering different material sample characteristics. Results are displayed, 

depending on chosen physics, for uniaxial/isotropic/orthotropic approximations (with associated 

errors displayed as a percentage), and as a representation in both original and principal 

coordinate systems. The influence of boundary conditions on the final results can also be 

mitigated by averaging the field data over subvolumes, with graphical outputs available to check 

for any possible convergence of fields [5]. 

 

By using a robust and automated image-based meshing approach for multi-part segmented 

images, properties such as elasticity, thermal and electrical conductivity, molecular diffusivity 

and absolute permeability can be obtained. This ‘black box’ meshing approach is particularly 

effective in terms of avoiding the limitations of grid or voxel-based approaches with stepped 

surfaces that can lead to an over-estimation of the surface area between material phases. Over-

estimation can have a substantial impact on the convergence and accuracy of meshes, with the 

FE mesh surfaces created for the Physics Modules for a given resolution being more accurate 

and able to converge with increasing resolution to the actual surface area of images. In addition, 

using adaptive remeshing tools enables meshes to be reduced in size without compromising 

topology and geometry, while convergence improvements can be obtained by using quadratic 

elements. 

 

Conclusions 

 

Although visualization of scan data represents a valuable way of analyzing defects and obtaining 

qualitative and quantitative information on materials structures, the ability to create very high-

quality image-based meshes opens up potential for comprehensive non-destructive evaluation. 

Breakthroughs in image-based effective material property calculations are also crucial for 

simplifying the often difficult process of analyzing material datasets without significant 

computational resources. Software techniques developed by Simpleware for use in materials 

science applications are therefore crucial for expanding the range of options for working with 

multiphase image scans of composites, ceramics, alloys and other materials used for different 

non-destructive evaluation tasks. 
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