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Fig.3 Front views of uniform and gradient bcc lattice structures

with 1.0 mm in rod diameter
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Table1l Relative density of thelattice structures (%)

Rod

diameter/ bee beez fce fcez fbee fbeez
mm
0.8 11.92 1342 9.77 11.16  20.07 21.46
1.0 17.85 1999 14.64 16.56 2992 31.24
1.2 24.60 27.37 20.19 22,60 39.28 41.68

Gradient  17.97 20.12 1475 16.66 29.50 31.41
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Fig.4 Scanning electron micrograph of TC4 titanium alloy

powder
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Table 2 Chemical composition of TC4 titanium alloy
spherical powder (w/%)

Al v Fe 0} N C H Ti

6.06 4.03 0.029 0.089 0.016 0.012 0.0006 Bal.
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Fig.5 Body-view microscope image of uniform lattice structures with 1.0 mm in rod diameter: (a) bcc, (b) beez, (c) fee, (d) feez, (e) fbec,

and (f) fbcez
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Fig.6 Cross-sectional morphologies of uniform lattice structures with 1.0 mm in rod diameter at 20% compressed strain: (a) bec, (b) beez,

(c) fee, (d) feez, (e) fbee, and (f) fbecz
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Fig.7 Cross-sectional morphologies of gradient lattice structures at 20% compressive strain: (a) bec, (b) beez, (c) fee, (d) feez, (e) fbec,

and (f) fbcez
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absorption of gradient lattice structures at 50% strain
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Fig.15 SEM images of the compressed fracture surface of bec lattice structure with different rod diameters: (a) 0.8 mm, (b, d) 1.0 mm,

and (c) 1.2 mm
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Design of Lattice Structures Based on SLM for TC4 Titanium Alloy and Their
Compression Behavior

Wu Jiahao', Xu Feng', Wang Huanle?, Jing Ran', Meng Fanying'
(1. School of Materials Science and Engineering, Shaanxi University of Technology, Hanzhong 723000, China)
(2. Xi’an Heavy Pubai Coal Mine Machinery Co., Ltd, Weinan 715500, China)

Abstract: The uniform and gradient lattice structures of TC4 titanium alloy were fabricated using SLM technology. The effects of different
rod diameters (ranging from 0.8 mm to 1.2 mm), cell types (bcc, fcc, fbec), and adding vertical struts (beez, fcez, fbecz) on the
compressive properties and energy absorption of both uniform and gradient lattice structures were investigated. The results indicate that the
lattice structure with 1.2 mm in rod diameter exhibits the best performance. The fccz and fbecz lattice structures exhibit the best
performance in terms of both mass and volume efficiency, respectively. The presence of vertical struts significantly enhances the
performance of lattice structures under specific loading conditions. Compression performance and energy absorption of uniform lattice
structures before failure are better than those of gradient lattice structures with the same relative density and strain. Due to the
layer-by-layer fracture characteristic of gradient lattice structures, they have better performance under 50% and larger strain conditions,
and they are more suitable for application in energy absorption devices.

Key words: selective laser melting; lattice structure; TC4 titanium alloy; compressive properties; energy absorption characteristic
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