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Fig.1 Morphology of gas-atomized Ti-6Al-4V powder
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Table 1 Chemical composition of Ti-6Al-4V powder and
as-built sample (w/%)

Sample Al \% 0 C N H Ti
Powder 653 411 0.18 001 001 0.003 Bal
As-built 6.06 408 0.17 0.01 0.20 0.002 Bal.
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Fig.2 Samples for fatigue test
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Fig.3 3D microstructure of as-built EBSM Ti-6Al-4V
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Fig.4 EBSM Ti-6Al-4V microstructure: (a, b) as-built and (c, d) HIPed
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Table 2 Room temperature tensile properties of EBSM

Ti-6Al-4V alloy
Sample ar/MPa opo.2/MPa Al%
As-built 977+14 871+46 13.6+2.1
H1Ped 918+52 861+35 18.4+1.7
ASTM Grade-5 896 827 10
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Fig.5 Tensile fracture surface of as-built Ti-6Al-4V: (a) overview
and (b) unmelted defect
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Fig.6 Fatigue fracture surface of as-built Ti-6Al-4V: (a) overview

and (b) unmelted defect
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Fig.7 S-N curves of HIPed Ti-6Al-4V alloy (arrows indicate runout)
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Fig.8 Fatigue fracture surface of a sample failed at omex=750 MPa, Ni=6.7X10* (a) overview, (b) crack initiation area, (c) crack

propagation area, and (d) border of propagation/overload area
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Fig.9 Fatigue fracture surface of a sample failed at oma=750 MPa, Ni=7.9 X 10°: (a) overview, (b) crack initiation area,

(c) crack initiation facet, and (d) facet root
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Microstructure and Fatigue Behavior of EBSM Ti-6Al-4V Alloy
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Abstract: The microstructure, tensile and fatigue properties of Ti-6Al-4V alloy made by EBSM were studied. The as-built material
exhibits a columnar microstructure in which the prior-g grains grow along the building direction. Within each g grain, Widmanst&ten
microstructure is dominant, and colonies of o/ platelets are also present. The tensile strength of as-built material is not affected by defects
and the average tensile strength and ductility meet the ASTM standard. HIPing removes all defects in the EBSM Ti-6Al-4V alloy and
increases tensile elongation by ~35%, but the strength is 5% lower due to microstructure coarsening. The fatigue life is also significantly
improved by HIPing and the fatigue limit reaches 600 MPa under 1 X 107 cycle, R=0.1 condition. The large scatter of fatigue life is maily
attributed to the scatter of tensile properties. In most of the samples, crack initiates from the surface. The crack initiation mechanism is
proposed base on fracture analysis of typical fatigue specimens.

Key words: additive manufacturing; Ti-6Al-4V; microstructure; high cycle fatigue; fracture analysis
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