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cos(a) + cos(y) + cos(z) = 0 (2)
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Fig. 2 Triply periodic minimal surface(take G surface as an example) : (a)solid-networks; (b)sheet-networks
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Fig. 3 Interpenetrating phase composites based on triply periodic minimal surface:
(a)enhanced phase; (b)matrix phase; (¢)IPCs
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Fig. 5 IPCs stress-strain curve based on triple-periodic very small surfaces:
(a) G surface sheet-networks IPCs; (b) G surface solid-networks IPCs;
(¢) P curved sheet-networks IPCs; (d) P surface solid-networks IPCs
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Fig. 6 Deformation and failure of IPCs structures (relative density of 35% as an example)
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Fig. 7 Comparison of mechanical properties among IPCs: (a)(b) (¢) comparison of yield stress, Young's modulus.,
and energy absorption for G surface sheet-network and solid-network IPCs, respectively; (d) (e) (f) comparison of
yield stress, Young's modulus, and energy absorption for P surface sheet-network and solid-network IPCs, respec-
tively; (g) (h) (i) Comparison of yield stress, Young's modulus, and energy absorption for P surface sheet-network

and G surface sheet-network IPCs, respectively
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Mechanical properties of 3D printed interpenetrating phase
composites based on triply periodic minimal surface

HE Huiyi, LIANG Yingjing

(School of Civil Engineering, Guangzhou University, Guangzhou 510006, Guangdong, China)

Abstract: Compared with conventional composites using fibers and dispersed particulates as
reinforcement phase, Interpenetrating phase composites (IPCs) exhibit better mechanical properties
because they are topologically interconnected. The triply periodic minimal surface ( TPMS)
metamaterial structure based on animal bionic construction is a regular and complex topological
structure, showing excellent mechanical properties such as no stress concentration, high energy
absorption capacity and high strength. With the development of additive manufacturing, it is possible
to prepare designable and complex topological IPCs. In this paper, TPMS-based IPCs polymer
structures were made by multi-material 3D printing with Polyjet technology, and their mechanical
properties were investigated experimentally. The IPCs structure consists of two phases: reinforcing
phase and matrix phase, and the reinforcing phases were structured with two TPMS(Gyroid(G) and
Schwarz P (P)) under two topologies (sheet-networks topology and solid-networks topology) ., while
the pores between the reinforcing phases were filled by softer matrix materials. This study shows that
the sheet-networks G IPCs have better mechanical properties and overall stability than solid-networks
G IPCs, sheet-networks P IPCs and solid-networks P IPCs at the relative density of three
reinforcements(25% ., 35%, 50%). The sheet-networks G IPCs can be applied for energy absorption
due to its high stiffness, strength, and gentle rising plateau after yielding.

Keywords: interpenetrating phase composites; triply periodic minimal surface; G-surface; P-surface;

sheet-networks; solid-networks



