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Abstract: Selected laser melting (SLM) was utilized to prepare Ti-6A1-4V (TC4) titanium alloy specimens for ortho-
pedic applications, and influence law of SLM forming process (laser power, scanning speed, scanning distance) on the
relative density and tensile properties of alloy was investigated. The results reveal that the laser power is the key factor
affecting the density and tensile strength, which is followed by scanning distance and scanning speed. The relative den-
sity and tensile strength are increased significantly with increasing in laser power, while the increase of scanning speed
and scanning distance leads to reduction of density and tensile strength. In addition, the width of £ columnar crystal and
length of primary acicular a' martensite are increased with the rise of laser power or decline of scanning speed and scan-
ning distance, which is adverse to mechanical properties, while the relative density is enhanced, thus improving the
final mechanical properties, indicating the superior effect of relative density on the overall mechanical properties to that
of microstructure. The optimal process combination for SLM forming TC4 alloy is determined as laser power of
260 W, scanning speed of 1 400 mm/s, scanning distance of 120 pm, where the relative density, tensile strength,
yield strength and elongation of TC4 alloy reach 99.56% , 1 173.6 MPa, 913.4 MPa and 7.1% , respectively.
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Tab.1 Factor levels for orthogonal experiment

KOF HOETh R (A) /W HHEE (B)/(mm-s™ ) H#EEE (O /pm
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Tab.2 Orthogonal experimental results and range analysis of SLMed TC4 titanium alloy

w5 BOLDIR(A) /W HEE (B)/ (mm-s D) AR (C) /pm HHEEY, /% Pohrs % Y /MPa ik #/%
S, 180 1000 100 98.77 1145.2 6.6
S, 180 1200 120 98.17 1095.2 7.9
S, 180 1400 140 97.96 1065.3 4.7
S, 220 1000 120 99.13 1144.5 7.0
220 1200 140 99.22 1114.9 7.4
S 220 1400 100 99.34 1148.3 8.0
S; 260 1000 140 99.38 1157.3 6.8
Sg 260 1200 100 98.93 1159.4 5.2
S 260 1400 120 99.51 1170.1 7.2
Eiika Y, Yy Y, Yy Y, Yy Y, Yy
K, 2.939 1 3305.7 2.9728 3465.6 2.970 5 3452.9 2.968 8 3430.2
K, 29770 34615  2.9633 34084 29681 34248 29504  3400.8 Y b T 844 ALBC,
K, 2.978 3 3490.6 2.958 2 3383.9 2.9557 3380.2 2.9751 3369.3 Y b T2HE ABC
R 0.039 2 184.9 0.014 7 81.7 0.014 9 72.7 0.024 8 60.9
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Fig.1 Main effect diagram of SLM forming process on relative
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Tab.3 Variance analysis results of orthogonal experiment for

relative density
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Tab.4 Variance analysis results of orthogonal experiment for

tensile strength
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Fig.2 Defect morphologies of SLMed TC4 titanium alloy under different laser powers
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Fig.3 Micro morphologies of SLMed TC4 titanium alloy under different laser powers
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