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Effect of Energy Density on Microstructure and Mechanical Properties of
Hydrogen Resistant Steel HR-2 Selective Laser Melting Parts
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Institute of Machinery Manufacturing Technology, China Academy of Engineering Physics,
Mianyang 621900, Sichuan, China

Abstract An HR-2 hydrogen embrittlement resistant stainless steel was subjected to selective laser melting process testing
performed at different levels of volume energy density. The microstructure and properties of the formed parts were
characterized. The results revealed that, for a certain range of volume energy density values, the density, microhardness,
tensile strength, and elongation of the parts increased with increasing volume energy density. At the maximum energy
density of 113. 3 J/mm®, the maximum density of the formed part, corresponding tensile strength, yield strength, elongation
after fracture, and reduction in area were 99.9%, 765.5 MPa, 634 MPa, 44.0%, and 61%, respectively. These values
satisfy the performance requirements of HR-2 forging specified in the GJB 5724 standard. The printed structure of HR-2 is
composed of columnar crystals, with equiaxed grains in the XY plane and columnar grains in the YZ plane. In the XY plane,
the grain size increases first and then decreases with the increase of bulk energy density. This is the combined effect of poor
fusion pores caused by insufficient heat input, the increase of undercooling caused by the decrease of scanning speed, and the
increase of the proportion of remelting zone caused by the decrease of scanning spacing on grain size.
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Fig. 1 SEM image of hydrogen resistant steel HR-2 powders
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Table 1 Experimental process parameters of hydrogen resistant steel HR-2 stainless steel

Sample Laser power /  Hatch spacing /  Layer thickness /  Scanning velocity /  Phase angle /  Energy density /
number w mm mm (mm-s ") () (J+mm °)

1 340 0.14 0.03 2150 67 37.7

2 340 0.12 0.03 1850 67 51.1

3 340 0.10 0.03 1550 67 73.1

4 340 0.08 0.03 1250 67 113.3
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Fig. 2 Schematic of printing strategy of hydrogen resistant

steel HR-2 and sampling of sliced samples
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Fig. 4 Macro morphology of formed samples
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Fig. 6 Experimental results. (a) Total number of pores varies with energy density; (b) maximum pore area varies with energy density;

(¢) relative density varies with energy density(metallography); (d) density varies with energy density (Archi-medes)
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Fig. 7 Microstructures. (a) (b) Group 1; (c) (d) group 2; (e) (f) group 3; (g) (h) group 4; (i) enlarged view of area A in Fig. (h);
(j) enlarged view of area B in Fig. (h)
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Fig. 12 SEM images of fracture morphology of samples. Low magnification images of (a) group 1, (c) group 2, (e) group 3, and

(g) group 4; high magnification images of (b) group 1, (d) group 2, (f) group 3, and (h) group 4
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