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Abstract: Additive manufacturing can realize die free, rapid and near net shape of complex structures with high densities. In order to
ensure the forming quality of manufactured components, it is critical to establish a correlation mechanism between processing
parameters, microstructure, and macro-mechanical properties in the additive manufacturing for metals. The Ti-6Al-4V alloy (referred
to as TC4) is created by selective laser melting (SLM) using four distinct processing settings, and the microstructures are compared
and discussed. The constitutive behavior is studied by uniaxial tensile tests under quasi-static conditions to determine the key
mechanical properties such as flow stress and ultimate strain. The load-displacement curves of the TC4 alloy under the indentation
strain rates of 0.01/s and 0.10/s are studied by nanoindentation experiments, in which the Young’s modulus and hardness are
obtained based on the continuous stiffness method. Finally, the effect of laser energy density during the SLM processing on the
macro-mechanical properties of TC4 alloy is discussed by adopting the concepts of constraint factor and dislocation density, which
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combines the mechanical properties obtained from uniaxial tension and nanoindentation experiments. From a statistical standpoint, a

correlation analysis is performed between SLM processing parameters and mechanical properties to elucidate the prevailing pathways

among SLM processing parameters, microstructural morphology, and macro-mechanical properties. As a result, the most effective

combination of processing parameters is identified and then used to tune the macro-mechanical properties of SLM-fabricated TC4

alloy. A guidance is provided for the SLM forming process parameters to improve the mechanical properties of TC4 material.

Keywords: selective laser melting; TC4; microstructure; mechanical properties; optimal processing parameters
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Table 1 Key parameters of SLM forming control

operating conditions

Specimens
Processing parameters
1 2 3 4
Laser power P/ W 120 120 160 160
Powder layer thickness t / um 30 60 30 45

Scanning speed V/ (mm « s1) 1200 800 1000 800

Scan spacing h/ mm 0.07 0.13 0.13 0.07

Energy input density

Eg/ (e mm-3) 4762 1923 4103 6349
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Fig. 1 Uniaxial tensile specimen
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Fig. 2 Indentation specimen after grinding and polishing
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Fig. 5 True stress-strain curve of SLM forming material under quasi-static conditions

L 6 SLil b, [ 7 SE AN EMA T SLM TC4
FORHRIRBIN Iy« AR R R i B I e R . Hor
TN ) AR TR FRICIN g, EACSC RS
FPRHOBTREREE, RO 2 MR AR TR R A 1 L
SR ST o 4IOGCAE BB ACT 40 3/ mmP® I, SLM
TC4 FHEHKITRENN )21k 1.225 GPa, {HA[FHI#% T
O 4 A A A7 7 3 72

B 7 s, BEE AR RN, AR R
1K A, BRI T SLM BB R L 4 g e
JRA% TOUR T2k Re nT SEME, DT 8 S i 12 B 4 B
B i la s, TR IR IO, YEOLRE
KT-40 3/ mm® I, W 7§, A SOl i TCA
PPESAS IRy 1.45%, kT30 kA ki s i i
O I IR R AR (1.28%~1.33%, UL 6), THJLLIA
J PR R IR B FR MR TERY B, 4 SLM
FROW S5 W ) TR T 2R e kRt . 1A
W, T M S B P SRR A F R, A B
X SLM FJB T2 4T BN S 3 A IR L 4L

L5 Energy input density (J / mm®)
19.23 i —
———41.03 =
£ gb—47.62
O | ——e6349
2
E
W A
& 05F P2
0 02 kS 1.0 1.5 2.0

True strain / %
K6 EFASAE T SLM BB RRP B ELS N ) - AR 2k
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Table 2 Correlation coefficient between SLM forming

process parameters and TC4 material

mechanical properties

Strain rate P t \Y h

E 0.61 0.92 0.55 0.07

SD 0.38 0.55 0.32 0.91

Indentation strain rate H 050 0.96 0.66 042
0.01/s SD 036 090 069 066

CF 0.59 0.85 0.49 0.59

Ps 0.59 0.51 0.15 0.58

E 0.75 0.76 0.30 0.51

SD 0.29 0.62 0.45 0.91

Indentation strain rate H 0.63 0.17 055 0.76
0.107s SD 014 021 012 098

CF 0.60 0.85 0.49 0.58

Ps 0.88 0.69 0.16 0.29

Tensile s}rain rate &u 0.66 0.58 0.18 0.73
10%/s otow 062 083 046 0.0
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