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Table 1 Chemical composition of crystalline tungsten powder
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Table 2 Tungsten powder liquidity index

Index Crystalline powder Ordinary powder
Angle of repose/(9 26.40 45.50
Angle of rupture/(<) 21.10 32.20
Differential angle/(9 5.30 3.30
Flat angle/(9 26.05 53.75
Bulk density/g €m 8.9 9.7
Degree of liquidity Better Ordinary
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Table 3 Lattice model composition cell and overall sample design

) . . . Theoretical Rate of mass
Lattice structure Cell design  Overall structure ~ Volume/mm Density/% Actual mass/g .
mass/g increase/%
Face centered
) 28.0803 13.0 0.5 1.1 105
cubic (FCC)
Body centered /
) 27.6805 12.8 0.5 0.8 51
cubic(BCC) f STl
Simple cubic Eﬂﬁ L
31.2498 145 0.6 14 138
(SC)
e S
Octuple truss 1 v/ ;
: ; 36.4282 16.9 0.5 0.9 81
(0T '
T 1
Face centered arc [
27.5903 12.8 0.7 11 61
(FCA) y J
)¢ ) §
Body centered arc Y Y
] 32.9142 15.2 0.6 0.9 45
(BCA) :,
Simple arc N/
65.3362 30.2 1.25 2.0 59
(SA)
Octuple arc
58.1451 26.9 11 1.6 43

(OA)
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Fig.3 Curve of energy density vs sample density
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Table 4 Preparation parameters of tungsten samples with
different relative density
Laser Laser Layer Energy
Hatch Relative
power/ speed/  thickness/ ) density/
L space/pm  density/% 5
W mm s om Jmm’
250 1000 30 30 83.1 278
300 500 30 30 88.7 667
350 300 30 40 96.2 972
350 200 30 40 925 1458

Force

ay N

Fixed support

Kl4 FEM B BT AY
Fig.4 Analysis model of finite element modeling (FEM)
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Mechanical Properties of 3D Printing Lightweight and High-Strength Tungsten

Chen Wenlian®, Yang Yihang*, Chen Xiaohong? Zheng Junjie’, Gu Siyong*, Zhang Houan'
(1. School of Materials Science and Engineering, Xiamen University of Technology, Xiamen 361024, China)

(2. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The selective laser melting (SLM) 3D printing method was applied to design and to manufacture tungsten materials with lattice
structures. The changes in the mechanical properties of tungsten materials with different lattice structures were investigated through finite element
analysis, scanning electron microscopy, and quasi-static uniaxial compression tests. The influence of microstructure on mechanical properties was
analyzed. The results indicate that the arc lattice structure can effectively reduce stress concentration at the nodes, while maintaining the
lightweight and low porosity characteristics of the lattice structure, as well as the high-strength mechanical properties of tungsten materials. The
average compressive strength reaches 535 MPa, while the average mass is only 1.25 g. After laser printing, the arc lattice has an average
compressive strength increase of 93% compared to the cubic lattice, and the body-centered arc lattice (BCA) shows superior compressive
performance, reaching a maximum compressive strength of 721 MPa, with a theoretical structural density of 12.8%. The mechanical performance
of 3D printed W is close to that of plastic processed sample. Compared with the cubic lattice, the arc lattice has good ability absorption
characteristics, and the total energy absorption value of the latter is increased by 223% compared with the former, and the average energy
absorption of the arc lattice reaches 1664 J/mm?. In addition, the SEM image shows that the arc lattice reduces the hanging distance of the oblique
pillar in the printing due to its arc characteristics, and the forming effect is better than that of the cubic lattice.

Key words: lattice structure; 3D printing; lightweight; high strength; tungsten
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