
Lattice structures produced by additive manufacturing (AM) have 
desirable properties (e.g. high specific stiffness, high surface area) 
which can be deeply explored in AMôs vast design space. Applications 
include biomedical implants, heat exchangers and vibration isolating 
components for metrology frames [1-3]. 
 
Manufacturing defects [4] (Figure 1), i.e. deviations from the ideal 
geometry, cause significant discrepancies between the results from 
simulations and corresponding experiments. Therefore, there is a need 
to develop finite element modelling (FEM) approaches which include 
manufacturing defects. 
 
This work aims to develop an FEM approach for investigating the 
impact of form and surface defects on the performance of strut-
based lattices. The approach will be validated using an image based 
mesh created from X-ray computed tomography (XCT) images. 
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The manufacturing defects are modelled on triangulated surface 
meshes of individual strut geometries (Figure 2a-d) which are used 
to build full lattices with defects (Figure 2e). 
 
The surface meshes are converted to tetrahedral meshes via open 
source MATLAB toolbox, iso2mesh [5,6] (Delaunay 
tetrahedralisation): 
 

¶ Ideal strut (i.e. no defects): Compute signed distance function 
(SDF) to find all points at an equal distance from line segment 
i.e. medial axis (Figure 2a) 

 

¶ Varying strut radius: Divide medial axis to create ñanchor pointsò 
for modifying distance calculation in SDF (Figure 2b) 

 

¶ Strut waviness: Alter position of medial axis (Figure 2c) 
 

¶ Texture bias: Iterate through surface mesh and modify position of 
each point (under criteria defined from the strutôs orientation and 
the current location on the surface) (Figure 2d) 

 
A key strength of this modelling approach is its ability to model 

both individual and combined defects, allowing for in depth 

studies of the impact of defects, before manufacturing. 

Image based modelling will be used to validate the above 
approach: 
 

¶ Measure form and surface defects in a lattice sample using XCT 
 

¶ Use XCT results to create an image based mesh and a second 
mesh with statistically equivalent defects, using the above 
approach 

 

¶ Compare the performance of both meshes for simulating lattice 
stiffness 

 

¶ Compare simulations to data from mechanical testing 

Introduction 

Form defects: 

(a) varying strut radius 
(b) strut waviness 

Surface defects: 

(c) texture bias i.e. more 
irregular underside 

Figure 1. Form and surface defects. [4]  

Figure 2. Modelling of defects (a) ideal strut (b) varying strut radius (c) strut 
waviness (d) texture bias (e) body centred cubic lattice with defects 


