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Á 1  TC4ÂÃnÄZ[ÅÆÇÈÉÊÁ 

Fig.1  TC4 powder morphology (a) and its particle size 

distribution histogram (b) 
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Table 1  Chemical composition of TC4 powder (ω/%) 
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Á 2  fgBC@ ¨xyË=Á 

Fig.2  Diamond structure unit cell and sample model 

 

 

 

 

 

 

 

 

 

 

Á 3  ��x�ÌÍÁ 

Fig.3  Schematic diagram of compression test 
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Á 4  rs/0ÎÏ¼Ðkl¨ÑÒÓlJÔÕZÐkl 

%]LklJÔÕ 

Fig.4  Relationship between relative density and scanning speed 

at different laser powers (a); relationship between relative 

density and energy density (b) 
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Á 5  /0���M TC4xyJÖ×ØÙ 

Fig.5  Sedimentary (a, b) and annealed (c, d) microstructures of longitudinal section (a, c) and cross-section (b, d) of SLMed TC4 samples 
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Á 6  XYBCxyÚÛÜÝ 

Fig.6  Macro images of the lattice structure samples 
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Á 7  20%¨ 30%@ klxyJ��ÞßZ��\] 

Fig.7  Compression curves (a, b) and compression properties (c, d) of 20% (a, c) and 30% (b, d) cell density sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Á 8  20%¨ 30%@ klª 1 mm«¬xy��ÞßZ��\] 

Fig.8  Compression curves (a, b) and compression performances (c, d) of 20% (a, c) and 30% (b, d) cell density plus 1 mm shell samples 
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 9  ����������� 

Fig.9  Morphologies of annealed lattice structure sample 
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 10  20%� 30%����������� !"#� $% 

Fig.10  Compression curves (a, b) and compression performance (c, d) of 20% (a, c) and 30% (b, d) cell density annealed samples 

 

 

 

 

 

 

 

 

 

 

 

 11  � &'(����� 

Fig.11  Lattice sample after compression fracture: (a) 20%-2.5 mm, (b) 20%-5 mm, (c) 20%-15 mm, and (d) 30%-15 mm 
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 12  20%����-15 mm �������789�7:

9 

Fig.12  Stress cloud map (a) and strain cloud map (b) of 20% cell 

density-15 mm unit cell lattice sample 
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 13  30%��-2.5 mm�������	; CT<= 

Fig.13  Industrial CT scanning of 30% density-2.5 mm unit cell lattice sample: (a) overall and local morphologies and 

(b) 3D display of pore 

 

 

 

 

 

 

 

 14  30%��-2.5 mm����> 1 mm?@���	; CT<= 

Fig.14  Industrial CT scanning of 30% density-2.5 mm unit cell lattice plus 1 mm shell sample: (a) overall and local morphologies 

and (b) partial surface enlarged display 
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 15  ����&A SEM�� 

Fig.15  SEM morphologies of the cell sample fracture: (a

1

, a

2

) 20% density -2.5 mm unit cell; (b

1

, b

2

) 30% density -2.5 mm 

unit cell; (c

1

, c

2

) 30% density -5.0 mm unit cell 
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Abstract: More and more applications have been made to realize lightweight design of aerospace parts by additive manufacturing to form 

complex lattice structures. However, the lattice structure design and its performance evaluation were still lacking. In this study, the 

diamond structure was used as the substrate, and the specimens with different geometric parameters were designed for forming TC4 

titanium alloy, aiming at lattice density and structure form. Compression tests were carried out on the formed specimens to study the 

differences of compressive properties between specimens with different sizes. The results show that the stress of the diamond lattice 

structure specimens will concentrate at the joint position and cause fracture after being loaded. Increasing cell density can alleviate the 

phenomenon of stress concentration, and increase specific strength. Reducing cell size and adding shell can make the stress uniform and 

improve the stability. Small cell size specimens are more sensitive to metallurgical defects such as spheroidization and pore, resulting in a 

decrease in strength. 

Key words: lattice structural materials; selective laser melting; TC4 titanium alloy; compression performance 
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