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Table 1 Design and actual relative density of different TPMS

lattices

Relative density

Structure Bias Size dimension/mm
Designed  Obtained

U(0.275) 0.275 0.287 +0.012  39.93%39.84x40.41
P(0.275) 0.275 0.285 +0.010  39.90%x39.84x40.47
V(0.275) 0.275 0.29 +0.015  39.93x39.97x40.45
U(0.15) 0.15 0.164 +0.014  40.01x40.05x40.51

U(0.2) 0.20 0.204 +0.004  39.98%39.95x40.48
U(0.25) 0.25 0.245 -0.005  39.96x40.02x40.53

U(0.3) 0.30 0.303 +0.003  40.03%39.99x40.47
U(0.35) 0.35 0.348 -0.002  39.96x39.99x40.40
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Table 2 Comparisons of mechanical properties of SLM-fabricated Ti6Al4V lattice structures
Yield strength/ Compressive Average relative Specific compressive strength/
Structure . e Ref.
MPa strength/MPa density MPa-(g-em™)
P(TPMS) 19.1-42.6 23.5-58.1 0.096-0.183 55.4-71.9 [23]
G(TPMS) 47.3-124.9 61.8-130.4 0.14-0.245 100-120.7 [23]
D(TPMS) 74-134.4 102.4-154 0.18-0.255 129.1-137.4 [23]
U(0.15) 72.28 90.43 0.15 136.09 This work
U(0.2) 100.69 119.96 0.2 1354 This work
TPMS U(0.25) 104.47 158.65 0.25 143.25 This work
U(0.3) 126.3 209.72 0.3 157.8 This work
U(0.35) 180.18 253.46 0.35 163.47 This work
TPMS - 34.62 0.3 26.05 [31]
TPMS 48.84-116.64 24.96-93.89 0.15 37.56-141.29 [3]
P(0.275) 93.1 95.05 0.277 77.46 This work
V(0.275) 101.2 103.755 0.277 84.55 This work
U-bcee 0.69 1.07 0.036 6.78 [24]
ubic - - .35-0. -
Cubi 64-71 0.35-0.36 25
GSLS 34 40 0.0913 98.9 [26]
fec 34 28 0.0816 77.46 [26]
bee 18 15 0.0825 41.04 [26]
Honeycomb 12 5 0.0373 30.26 [26]
Diamond 0.5-331.7 0.9-410 0.0179-0.66 11.35-140.23 [26-27]
Strut-based U-Cubic 71.8-192 73-207 0.3-0.4 55.3-114.36 [28]
G2(bece) 43.73-60.33 - 0.298 - [29]
feez - 156.76-160.82 0.2-0.26 136-141 [30]
beez - 120.3-121.6 0.23-0.24 115-118 [30]
beez - 115.56+2.25 0.244 106.91 [32]
fecz - 152.43+2.62 0.232 148.31 [32]
fbcez - 229.65+3.60 0.4 129.6 [32]
Diamond - 63.9242.20 0.224 64.41 [32]
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Fig.6 Relative density fitting curve of U-shaped specimen
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Fig.7 Stress-strain curves, energy absorption and energy absorption efficiency curves for lattice structures: (a) density gradient perpendicular to
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the moulding direction and (b) density gradient parallel to the moulding direction
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Table 3 Mechanical properties of uniform TPMS lattice structure and variable density TPMS lattice structure

) Compressive Energy absorption before Energy absorption . )
Structure Yield strength/MPa R . SEA/]-g Strain/%
strength/MPa the end/MJ-m" efficiency
U(0.275) 160.1 193.8 11.76 0.0566 9.27 7.7
P(0.275) 93.1 95.05 77.52 0.035 61.50 50
V(0.275) 101.2 103.76 76.82 0.036 59.60 50
U(0.15) 72.28 90.43 1.62 0.0186 2.24 34
U(0.2) 100.69 119.96 297 0.0273 3.29 42
U(0.25) 104.47 158.65 5.89 0.0356 5.44 6.03
U(0.3) 126.3 209.72 7.8 0.0455 5.82 6.15
U(0.35) 180.18 253.46 12.43 0.0456 8.08 6.34
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Fig.8 Specific absorption energy vs. relative density for Ti6Al4V
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Fig.9 Failure behavior under compression loading for uniform lattice structure and lattice structures with gradient density perpendicular to the

loading direction: (a—c) P(0.275) and (d—) U(0.275)
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Mechanical Properties and Energy Absorption Characteristics of Ti6Al4V Alloy TPMS
Fabricated by Homogeneous and Variable Density Additive Manufacturing

Han Meng'”?, Ding Chao®, Xu Shenghang’, Huang Minghao’, Chang Cheng’, Song Chunnan’,
Liu Shiqiv’, Yang Xin’, Tang Huiping’
(1. School of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310014, China)
(2. College of Engineering, Hangzhou City University, Hangzhou 310015, China)

Abstract: Based on the diamond-type triply periodic minimal surface (D-TPMS) lattice structures, two types of TPMS lattice structure models of
homogeneous and variable density were designed and prepared by the regulation method of linear gradient wall thickness and selective laser
melting technology. The effects of relative density, printing direction and model type on the mechanical properties and energy absorption
characteristics were analyzed, and the stress distribution and damage mechanism of the variable-density lattice structures were verified by the
finite element method. The results show that the damage of the homogeneous TPMS lattice structure is 45° shear fracture, which occurs at the
early stage of plastic deformation; the damage of the variable density TPMS lattice structure is interlayer collapse, and the overall structure has
excellent load bearing and energy absorption capacity. When the relative density of the TPMS lattice structure is 0.275, the ultimate compressive
strength of the homogeneous TPMS lattice structure is up to 193.8 MPa, the deformation amount is 7.7%, and the cumulative value of energy
absorption is 11.76 MJ/m’, whereas the ultimate compressive strength of the variable-density TPMS lattice structure is up to 221.4 MPa, and the
structure is still intact when the deformation amount is 50%, and the cumulative value of energy absorption is up to 77.52 MJ/m’, which is 6.59
times higher than that of the homogeneous structure. It is demonstrated that the variable-density TPMS lattice structure has good energy
absorption effect and excellent load-bearing performance, which has a significant application prospect in the field of collision avoidance and
energy absorption.

Key words: D-TPMS lattice; variable density; selective laser melting; energy-absorbing properties; deformation mechanisms
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