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Properties Study of Co-Cr Alloy Fabricated by Selective Laser Melting
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Abstract A systematic study on the three dimensional (3D) prototyping of cobalt—chromium alloys are carried
out by using a self-developed laser melting equipment. The optimizations of properties which involve the surface
roughness, surface morphology, relative density, hardness of the workpieces are further discussed. Results show
that melting shrinkage and thickness accumulation of the powder layer are two important factors to affect the
forming quality; the smaller of the surface roughness cumulative effect, the less pore are observed, which lead to
a high relative density; Furthermore, macro—hardness of the part has a significant dependence on relative density.
The relative density of 98.04% and the macro—hardness of 40HRC under the optical process parameters are obtained,
conforming to American society of testing materials (ASTM) standards.
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Table 1 Compositions of the Co—Cr alloy (mass fraction, %)

Element Co Cr 4 Si Fe Ni 0O Mn C
Content Residual 25.7 6.5 0.82 1.53 10.91 0.04 0.30 0.52

B 1 A S A MWIES . (a) Bif& 30 pm; (b) KifE 65 um
Fig.1 Microstructure of cobalt chromium alloy powder. (a) Particle size 30 wm; (b) particle size 65 m
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Table 2 Orthogonal factor level table

Level Energy input /(J/mm) Part A content /(%) Powder layer thickness /mm  Scanning strategy between layers
Level 1 1.4 100 0.10 Along the x direction
Level 2 1.6 66.7 0.09 Along the x interlayer staggered
Level 3 1.8 33.3 0.08 Stacking fault orthogonal
Level 4 2.0 0 0.07 x/y orthogonal
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Fig.2 Scanning strategy between layers. (a) Along the x direction; (b) along the x interlayer staggered;

(c) stacking fault orthogonal; (d) x/y orthogonal
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Fig.3 Effect curve of surface roughness Fig.4 Effect curve of relative density
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Fig.6 3D surface morphology of the forming parts. (a) 1 layer; (b)5 layers; (c) 10 layers; (d) 15 layers
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Fig.8 Schematic diagram of melting shrinkage and layer thickness accumulation
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Fig.10 Sample of optimization process and its internal morphology. (a) 3D sample; (b) internal morphology
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