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Abstract

In this paper, a design method of porous structure based on three period minimal
surface is introduced. The three period minimal surface expressed by implicit function
is used as the basic pore unit to construct micro porous structure. The distance function
and log-sigmoid function are defined, The parameters such as pore shape, pore size,
specific surface area and porosity of the porous element can be effectively controlled,
and the performance of the designed porous structure can meet the ideal requirements.
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1. INTRODUCTION

Porous material is a kind of material containing a large number of pores, and the pores are
used to meet some or some design requirements to achieve the desired performance index. It
has a wide range of applications. At present, most of them are inorganic gas capsules, porous
semiconductors, porous metal materials, etc.,, which have the common characteristics of low
density, high porosity and large specific surface area [1, 3]. Porous materials are widely used in
mechanical engineering, chemical engineering, biomedical engineering, geological research and
energy science due to their special structure.

In the traditional design methods of porous structure model, there are geometric method of
constructing solid and reverse method of medical image.

Chean et al. [4] based on the established volume model library, the 3D combination of the
model was carried out by parameterization method to realize the construction of porous
structure body, and the final porous implant was obtained by Boolean operation with the
contour model; Wetter et al. [5] designed the building block type hexahedral porous structure
unit by using the method of structural solid geometry, and then formed different forms of
porous structure unit by combining the elements; Based on the layered theory, starlya et al. [6]
proposed a construction method of element accumulation body, which used the structural
entity to construct the micro element, so as to realize the structural body construction of
different pore size units in different regions; Sun et al. [7] constructed the porous element
library based on the geometric method of structural entity, and characterized the porosity and
axial stiffness of the model; Li Limin et al. [8] established a micro porous structure unit model
by means of computer-aided design, and converted it into a negative model and a solid model
in space to carry out Boolean operation to obtain the three-dimensional porous structure model
of the target. Although the above design methods have been widely used in the construction of
porous structure model, it can not effectively control and evaluate the structural performance
and mechanical parameters of the model, resulting in no reference rules for the model
construction process. Based on this, this paper proposes a design method of porous structure
based on three period minimal surface. The TPMS expressed by implicit function is used as the
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basic pore unit to construct the micro porous structure. By defining the distance function and
log-sigmoid function, the TPMS unit models with different structures are constructed, and the
ideal porous structure model is constructed.

2. UNIT DESIGN OF POROUS STRUCTURE

Three dimensional periodic minimal surface [9,12] (TPMS) is a kind of surface which shows
periodic changes in three independent directions in three-dimensional space. One of the
characteristics of the surface is that the average curvature of any point on the surface is zero. It
can extend infinitely periodically in three independent directions. It can approximately simulate
and express many physical structures, such as soluble colloids, silicates, etc., and can give a
simple mathematical expression for these physical structures. At present, there are many
mathematical methods to generate the three-dimensional periodic minimization surface, the
periodic surface of parametric TPMS is generally defined as:

¢ (r)zzk:Akcos[Zﬁ(hkor)/ﬂﬁ pk]:C

Where r is the position vector in Euclidean space, Ak is the amplitude factor, hk is the kth grid
vector in the derivative space, Ak is the periodic wavelength, pk is the phase displacement, and
C is a constant.

Among the implicit surfaces represented by trigonometric periodic functions, the most
common ones are p-surface, d-surface and g-surface [13,15], the expression is as follows:

P:¢(r) =cos(22x) +cos(2zy) +cos(22z) =0
D : ¢(r) = cos(27x) cos(2zy) cos(27z) —sin(27x) sin(2zy) sin(22z) =0
G : ¢(r) =sin(22x) cos(2zy) +sin(2zy) cos(27z) +sin(27z) cos(22x) =0

In order to obtain more abundant and complex porous structural elements, a function or
constant is usually added to the implicit surface function. Taking p-surface as an example, a new
p-surface is formed by adding distance constant t into its constructor, then the structural
equation can be expressed as follows:

¢ (r)=co0s(27x) +cos(2zy) +cos(2zz) =t

The porous structure models with different porosity are obtained by changing the value of
distance constant t. the ideal porous element model is finally obtained by adjusting the value of
distance constant t. When the value of tis less than a certain value, it will cause discontinuity of
the surface and produce cavities; when t is greater than a certain value, it will lead to surface
interference. In particular, when t = 0, the surface defined by implicit function is called minimal
surface, which means that the surface area reaches the critical value under normal variation,
that is, the surface with zero mean curvature. The surface divides its space into two equal parts,
so the porosity of porous structure defined by minimal surface is 50%. In the implicit function,
by changing the value of constant term t, the volume fraction of solid object defined by the
surface can be changed (also known as porosity for periodic structure). As shown in Fig. 1, it
shows the structure of p-surface represented by implicit function when the distance constant t
is 0.8, 0,- 0.8 in MATLAB.
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Fig 1. Different structural forms of p-surface represented by implicit function when the
distance constant tis 0.8, 0, - 0.8 respectively

In MATLAB software, input P structure, using marching cube algorithm to display TPMS unit,
extracting equivalent surface from implicit surface represented by implicit function, so as to
extract corresponding STL solid model, and then in Geomagic studio Thicken in studio software,
control model size is 50 mm x 50 mm x 50 mm, porosity is 70%, 80%, 90%, through the
"accurate surface" command, form CAD entity, export STP format (CAD file format, for model
post-processing), STL format (triangle mesh file format, for rapid prototyping printing), as
shown in Figure 2.

Fig 2. P structure with 70%, 80% and 90% porosity

3. POROUS STRUCTURE MODELING BASED ON TPMS FUSION

In order to achieve a more ideal porous structure model, different elements need to be spliced
together. In this paper; the log-sigmoid function [16, 17] is used for feature fusion of multi-class
porous elements in a certain direction. This method is used as a bridge to realize the effective
blending of different element structures in a model.

. : C. f(X, a, C) S E————
Log sigmoid function: lre ()

In order to avoid the mutation in the model, the discontinuous change of the structure in the
model is realized by adjusting the parameters of the function (a and c in the formula). Suppose
there are two kinds of TPMS units @1 and @2, @1 is on the right side of the model and ¢2 is on
the left side of the model. If the fusion is carried out in the X direction, the starting position is f
(x0, y,z) = 0, and the ending position is f (x1, y, z) = 1,the fused surface model can be defined as:

O (X,y,2)= @Q(x, y,2) +(1—ﬁ)¢z(x, Y,2)

Through the construction of continuous function, we can effectively realize the splicing of two
TPMS functions. In this paper, let ¢ = 0 in the above formula, and change the gradual change rate
by adjusting the value of a. the larger the value of a, the greater the mutation rate of the model.
@1 and 2 represent two different base surface functions.

In order to verify the effectiveness of the design method, this paper selects two different
TPMS elements and uses the log sigmoid function method to construct an ideal porous structure.
As shown in Fig. 3, the surface model of P-G structure composed of P-element and g-element
and the 3D solid model after surface thickening (a = 2, c= 0 in the fusion formula).
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Fig 3. Surface model and solid model of P-G porous structure

4. CONCLUSION

In this paper, based on the TPMS parameterized curved surface, the construction method of
porous structure is studied. The TPMS is taken as the basic pore unit, and the TPMS expressed
by implicit function is used as the basic pore unit to construct the micro porous structure. By
defining the distance function and log-sigmoid function, the TPMS pore units with different
structures are constructed by adjusting the model construction parameters, The pore shape,
size, linear change rate and other structural characteristics of the porous model are changed to
obtain an ideal porous structure model.
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