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Abstract 

Cellular lattice structures are a group of porous materials in which the cells are regularly 
distributed. Since the morphology of the cells is complicated, the fabrication of them is challenging 
using conventional methods. However, with the advent of additive manufacturing technology, 
more attention is focused on these classes of materials because the regular geometry makes it 
possible to tailor the mechanical response of the structure. Among all kinds of cellular lattice 
structures, those based on triply periodic minimal surfaces are of great importance due to 
mechanical and biological properties. Since the fabrication of such structures is challenging and 
expensive, it is desirable to predict their mechanical response before fabrication. In this paper, 
finite element approach is employed to predict the elastic response of two well-known Schwarz 
minimal surfaces named P-Type and G-Type. To do so, first, the cloud points of the surfaces are 
generated using the implicit equation of the surface and are converted into solid finite element 
models. The results show that at the same value of porosity, the P-Type specimen provides a higher 
value of elastic modulus than G-Type one. 

Introduction: 

Nowadays, a lot of patients suffer from organ loss and defects which might be arisen in some 
clinical situations. Tissue engineering is a multi-disciplinary science which employs engineering 
and life science in order to regenerate organs and tissues using scaffolds, cells and growth factors. 
A scaffold is a porous structure which provides a substitute for cells to proliferate and differentiate. 
A suitable scaffold must have several requirements which are necessary for suitable cell functions. 
It is previously shown that porous materials based on triply periodic minimal surfaces (TPMS) are 
might be a good candidate for being used scaffolds [1]. With the advent of additive manufacturing 
technology, several attempts have been made to use TPMS for designing and fabricating tissue 
engineering scaffolds [2]. The regular microstructure of the cellular lattice structures, such TPMS 
ones, allows the designer to adjust the mechanical properties of the scaffold to be similar to the 
neighbor tissue [3]. 

In bone regeneration, the bone formation might be triggered by mechanical signals of the 
osteocytes. If the elastic modulus of the scaffold mismatch with that of surrounding bone, the work 
of osteoclasts may resorb the bones and cause osteoporosis. Accordingly, it is necessary to adjust 
the mechanical response of the scaffold to that of the surrounding bone. Since the fabrication and 
characterization of the scaffolds might be time-consuming and expensive [4-6], it is desirable to 
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develop numerical models for the prediction of the mechanical response before fabrication. Several 
analytical [7-10] and numerical [1, 3, 11-13] models have been developed for the prediction of the 
mechanical response of cellular lattice structures. However, such kind of models can rarely be 
found for TPMS ones. Kadkhodapour et al. [14] studied the failure mechanisms of additively 
manufactured diamond-like and simple cubic cellular lattice structures using finite element 
method. Montazerian et al. [15] studied the compressive response of some different TPMS cellular 
lattice structures using numerical models. Kadkhodapour et al. [16] investigated the mechanical 
response of P-type and D-type cellular lattices utilizing finite element approach. 

In this paper, the elastic response of P-type and G-type TPMS cellular lattice structures are 
investigated through unit cell model in combination with finite element method. To do so, first, 
the geometric model of the unit cell is generated using their corresponding point clouds. These 
point clouds are obtained by the implicit equation of the surface of the lattice. Then, by attributing 
the bulk material parameters, the finite element simulations are performed for a range of porosities. 
The obtained results demonstrate that at the same value of porosity, the elastic modulus of the P-
type architecture is greater than that of G-type one. 

Materials and Methods 

For the sake of modeling purposes, two main steps must be followed. First, the geometric model 
of the porous material must be constructed. Then, suitable material parameters for the bulk 
material, from which that porous material is built, must be attributed. In this sections, these two 
steps are followed. 

Geometrical Modeling 

There are several types of TPMS architectures in the literature such as P-Type, G-Type, and D-
Type. In this study, just P- and G-Type structures are investigated. The main property of TPMSs 
is that the curvature of such surfaces is zero everywhere. It is possible to develop implicit equations 
for some of the TPMSs. Fortunately, P- and G-Type surfaces can be described using implicit 
equations as follows [1, 2]: 
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in this equations, x, y, z are the coordinates in Cartesian coordinate system, and a is parameter 
between 0 and1. To model the geometry of the porous structures, first the cloud points of each type 
is produced and a triangular mesh passes through. Then the provided mesh is exported as OBJ file 
which is a combination of vertexes and their connection. This OBJ file is then used to construct a 
set of surfaces which defines the surface of TPMS architecture. Since there are several holes in the 
obtained surfaces, a MATLAB program is developed to fill the holes by constructing a surface 
with the shape of the hole. After producing a closed surface of the geometry of the repeating unit 
cell of the structure, the three-dimensional model is extracted as the intersection of surfaces. Figure 
1 (a) and (b) show the repeating unit cell of P-Type and G-Type pores respectively. 
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(a) (b) 

Figure 1: The repeating unit cell of a) P-Type porosity b) G-Type porosity 

To achieve a specific value of porosity the value of “a” should be adjusted. Figure 2 shows the 
change in the value of porosity with the parameter “a”.  

 
Figure 2: The change of porosity with “a” 

Loading and Boundary conditions 

Since the unit cell model is used to simulate the elastic modulus of the structure, the periodic 
boundary conditions should be applied to. In this study, the boundary conditions similar to ones 
used by Panico and Brinson [17] are used. Figure 3 shows these applied boundary conditions. 
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Figure 3: Applied boundary conditions [17] 

 

If the required force to apply a displacement of δ is F, the elastic modulus of the cellular lattice 
can be calculated using Eq. 2: 
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Bulk material 

As the mechanical properties of the lattice in the elastic region are of importance, the bulk material 
is considered to be elastic. Consequently, only two material parameters, Es and νs, are needed for 
modeling purposes. Since the non-dimensional elastic modulus of the lattice (E*/Es) is going to be 
reported, in this report, Es=1.0 and ν=0.3 are used in modeling procedure. 

Finite element simulations 

The models are generated through ABAQUS 6.11-1 and meshed using 10-node quadratic 
tetrahedron elements (denoted by C3D10 in ABAQUS) and a mesh study analysis is performed to 
ensure the results. To do so, the mesh size is reduced until the change in the results would be 
smaller than 5 percent. All the simulations are performed on 2 Intel Xeon X5670 (12 core), 2.93 
GHz processors with 24 cores and 24 GB RAM. 

Results 

Figure 4 shows the change of elastic modulus of P-Type and G-Type specimens with the value of 
porosities. As demonstrated in this figure, the elastic modulus of both P-Type and G-Type 
structures decrease almost linearly by increasing the value of porosity. The most important finding 
of this study is at the same value of porosity the elastic modulus of the P-Type structure is higher 
than that of the G-Type structure by a factor of 1.4. 
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Figure 4: Non-dimensional elastic modulus versus porosity 
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