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Fig.1  Schematic model of impeller body 
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Fig.2  Whole (a, c) and cross-sectional view (b, d) of 

Ti6Al4V (a, b) and 316L stainless steel (c, d) 
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Table 1  Impeller body size measurement result and comparison (mm) 

Plate  Cylinder 

 

Maximum 

height 

Maximum 

diameter 

The inner hole 

diameter 

The outer circle 

diameter 

 

The inner hole 

diameter 

The outer circle 

diameter 

Theoretical value 79 145 14.5 36  40 60 

Measurements value 79.00 144.78 14.42 35.80  39.94 59.92 

Deviation value 0 0.22 0.08 0.20  0.06 0.08 

Blade 

Plate 

Cylindrical 

a 

b 

c 

d 
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Table 2  Impeller surface roughness R

a

 measurements (µm) 

Position 316L stainless steel Ti6Al4V 

Side 8.123 26.816 

Upper surface 14.124 11.183 
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Fig.3  Impeller tensile sample and sampling position: (a) cylindrical tensile sample, (b) Ti6Al4V sampling position, (c) 316L stainless 

steel sampling position, (d) plate and blade tensile sample, (e) plate sampling position, and (f) blade sampling position 
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Table 3  Measurements of various parts of the tensile strength 

Tensile strength, R

m

/MPa  Elongation, A/% 

Sample  

Horizontal Vertical  Horizontal Vertical 

Cylindrical  682.67 614.95  36.8 54.2 

Blade  695.33 602.33  35.1 43.9 

Plate  703.85 560.67  42.7 40.2 

316L stainless steel 

GB/T3280-2007  485  40 

Cylindrical  1001.48 996.58  7.0 12.1 

Blade  1125.31 840.89  8.3 5.0 

Plate  1021.11 949.67  7.8 7.3 

Ti6Al4V 

GB/T3621-2007  895  12 

a 
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c 

d 

e 
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Fig.4  Optical micrograph of Ti6Al4V impeller body microstructure 
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Fig.5  Grain size of blade section (a) and cylindrical section (b) 
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Fig.6  Optical micrograph of 316L stainless steel impeller 

body microstructure 
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Fig.7  Microstructure of Ti6Al4V (a) and 316L stainless 

steel (b) impeller body 
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Microstructures and Mechanical Properties of Ti6Al4V and 316L Stainless 

Steel Impeller Body Made by Electron Beam Selective Melting 
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Abstract: Ti6Al4V impeller body and 316L stainless steel impeller body were formed by electron beam selective melting (EBSM). By 

comparing the microstructure, dimensional accuracy, surface roughness, density and tensile strength of the impeller body, the feasibility of 

applying EBSM process in industrial impeller body manufacturing was evaluated. The results show that the tensile strengths of Ti6Al4V 

and 316L stainless steel impeller body are 560~700 MPa and 996~1120 MPa, respectively, which are higher than the standard level of 

wrought, meeting the requirements of industrial use. The microstructure in the Ti6Al4V impeller body is basket-weave α+β, except those in 

leaf fragments are coarse flakes α+β phase because of their smaller cross-sections, and there are columnar crystals along the building 

direction. While the 316L stainless steel microstructure in the impeller body presents scaly scan path fusion marks, and there are some 

coarse dendrites. 

Key words: additive manufacturing; electron beam selective melting; microstructures; mechanical properties; impeller body 
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