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Fig.1 Unit cells of common strut-based porous materials: (a) cubic;
(b) bec; (c) fee; (d) G7; (e) beez; (f) feez
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Fig.2 Microstrut element of strut-based porous materials
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Fig.3 Mechanical model of G7 porous material
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Fig.4 Stress state of the inclined strut
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Table 1 Calculation formula of mechanical properties of bce-type porous materials considering geometric parameter effects

Loadi Compressive strength Modified G-A model (//7>10)
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=

Note: 6 is the angle between the inclined strut and the bottom plane, and 6’ is the angle between the inclined strut and the side plane
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Fig.5 Relative strength versus strut angle of G7 porous material
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Table 2 Geometric parameters of testing samples

Sample Cell size/mmxmm>xmm Strut angle/(°) Strut diameter/mm Density/g-cm
G7-35 6%x6x6 353 1.68 1.97
G7-47 5x5x7.5 46.7 1.62 1.97
G7-55 3.75x3.75%7.5 54.7 1.33 1.97
beez-35 6%x6x6 353 1.82 1.97
beez-47 5x5x7.5 46.7 1.68 1.97
beez-55 3.75%3.75%7.5 54.7 1.34 1.97
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Fig.7 Sample models with different diagonal rod angles: (a) G7-35;
(b) G7-47; (c) G7-55; (d) beez-35; (e) beez-47; (f) beez-55
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Table 3 Chemical composition of alloy powder (wt%)

C H (¢} N Al Fe \ Si Ti
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Table 4 Theoretical and measured strut diameter and mass of

samples

Sample Strut diameter/mm Mass/g
CAD Measured CAD Measured
G7-35 1.68 1.68+0.05 532 53.20+0.20
G7-47 1.62 1.62+0.03 53.2 53.61+0.01
G7-55 1.33 1.32+0.03 532 54.16+0.06
beez-35 1.82 1.82+0.03 53.2 53.46+0.27
beez-47 1.68 1.69+0.02 53.2 53.17+0.05
beez-55 1.34 1.35+0.04 53.2 53.44+0.66
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Fig.8 Stress-strain curves and energy absorption curves of anisotropic porous samples: (a) G7 vertical compression; (b) G7 lateral compression;

(c) beez vertical compression; (d) beez lateral compression
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Anisotropy Control of Titanium Alloy Porous Materials Based on Modified
Gibson-Ashby Model
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(1. Space Structures Research Center, Zhejiang University, Hangzhou 310058, China)
(2. Advanced Materials Additive Manufacturing Innovation Research Centre, Hangzhou City University, Hangzhou 310015, China)
(3. School of Civil Engineering, Shaoxing University, Shaoxing 312000, China)

Abstract: According to the varying load in different directions, the anisotropy control of porous materials can significantly enhance the load-
bearing efficiency of materials, thus better addressing the need for lightweight designs. In this research, a modified Gibson-Ashby model for strut-
based porous materials accounting for geometric parameters was established by taking G7 and bccez types of TC4 porous materials as examples.
This model can serve as a guide for the precise control of anisotropy for strut-based porous materials. Based on this model, a series of anisotropic
porous materials with similar configurations but distinct properties were created by adjusting geometric parameters of common unit cells. The
effects of unit cell geometric parameters on the anisotropic compressive strength and failure modes of porous materials were investigated through
vertical and lateral compressive tests, thereby validating the efficacy of the modified model. The results show that the compressive strength of
strut-based porous materials is primarily determined by the aspect ratio and the inclination angle of their struts. By fine-tuning the inclination
angle of struts, the anisotropic mechanical properties of porous materials can be effectively modulated. Under the same density, increasing the
inclination angle of the diagonal struts from 35° to 55° can significantly increase the vertical compressive strength of G7 and becz types of TC4
porous materials by 105% and 45%, respectively, with only a minor reduction in lateral compressive strength of 16% and 13%, respectively.
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