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Table 1 Trigonometric expressions of minimal surfaces

A /I it T 246 7 = EEUE R
G i @ =sin(X) cos(Y) +sin(Y) cos(Z) +sin(Z) cos(X) —C=0
P il @ =cos(X) +cos(Y) +cos(Z) —C=0
D iy 1 @ =cos(X) cos(Y) cos(Z) —sin(X)sin(Y)sin(Z) —C=0
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Table 2 Control parameters of different porous structures with 20% volume fraction
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(a) BCC lattice structure
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(b) G surface structure
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(d) D surface structure
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Fig.1 Four porous structures with 20% volume fraction
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Table 3 The equipment parameters of CMT4304 electronic universal testing machine
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Fig. 2 Quasi-static compression test of P-surface
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Fig. 3 Tensile specimen size
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Table 4  Specimen tensile data

¥ FE w (mm) JEEF H (mm) fHAAHF N
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Fig. 4 True stress-strain curve of PA12 material
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Fig. 7 Finite element model of G surface porous structure
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Fig. 8 Experimental and simulation results of BCC lattice structure
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Fig. 9 Experimental and simulation results of G surface structure
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Fig. 10 Experimental and simulation results of P surface structure
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Fig. 11  Section view of the simulation results of the surface structure
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Fig. 12 Experimental and simulation results of D surface structure
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Fig. 13 The nominal stress-strain curves of four structures obtained by experiments and numerical simulations
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The Study on Mechanical Behavior and Energy Absorption Characteristics

of Minimal Surface Structures Based on MJF

Jianghai Xiao Junling Hou Qun Li
(State Key Laboratory for Strength and Vibration of Mechanical Structures, School of Aerospace Engineering ,

Xi’an Jiaotong University, Xi’an, 710049)

Abstract The minimal surface structure is a continuous and smooth porous structure. It has the ad-
vantages of low density, high intensity. and excellent energy absorption capability. This paper has studied
the mechanical properties and energy absorption characteristics of the minimal surface prepared by additive
manufacturing process using nylon PA12. First, using the parametric modelling method, three kinds of
minimal surface porous structures(G-surface, P-surface, and D-surface) with the same volume fraction of
20% are designed. The corresponding minimal surface structures are manufactured with Multi Jet Fusion
(MJF) additive manufacturing technology. The mechanical response and energy absorption characteristics
of different minimal surface structures are then analyzed by combining quasi-static compression tests and
numerical simulations. For the mechanical response, it is found that the three kinds of minimal surface
structures show better load-bearing capacities compared with the traditional BCC lattice structure. In de-
tail, the nominal stresses of the three minimal surface structures(G-surface, P-surface, and D-surface) are
4.0 MPa, 2.1 MPa, and 4. 75 MPa, respectively. The nominal stress value of the BCC lattice structure
under the same volume is 2. 0 MPa. It is clear that all values of the three minimal surface structures are
significantly higher than that of the BCC lattice structure. For the study of energy absorption, the energy
absorption per unit volume is used as one of key parameter to evaluate the energy absorption characteristic
of the porous structure. The results indicate that the values of the energy absorption per unit volume for
the three minimal surface structures(G-surface, P-surface, and D-surface) are all higher than that of the
BCC lattice structure. The energy absorption per unit volume for the three minimal surface structures can
approximately reach 7, 4, and 8 times that of the BCC lattice structure. In conclusion, the minimal surface
structure can show excellent characteristics of mechanical property and energy absorption and has extensive
application prospects in the fields of aerospace, automotive industry, and machinery.

Key words minimal surface, porous structure, additive manufacturing, mechanical property, energy

absorption characteristic





