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ABSTRACT

Directed energy deposition (DED) is an additive manufacturing technology involving a focused high-power
laser or electron beam propagating over the substrate, resulting in melt pool formation while simultaneously
supplying metal powder to the melt pool area to deposit the material. DED is performed to repair and
strengthen parts in various applications, as it can be easily integrate local area cladding and cross-material
deposition. In this study, we characterize stainless steel 316 L parts fabricated via DED based on various
deposition conditions and geometries to widen the application of DED. The deposition characteristics are
investigated by varying the laser power and powder feed rate. Multilayer deposition with a laser power of 362
W and a powder feed rate of 6.61 g/min indicate a height closest to the design value while affording high
surface quality. The microhardness of the specimen increases from the top to the bottom of the deposited area.
Tensile tests of specimens with two different deposition directions indicate that horizontally long specimens with
respect to a substrate demonstrate a higher ultimate tensile strength and yield strength than vertically long
specimens with lower elongation.
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Fig. 1 SEM image of stainless steel 316L powder
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Table 1 Chemical composition of stainless steel
316L powder (wt%)

Deposited
Zone

[mm]
1.0

Substrate

Element Powder
C 0.011
Si 0.56
Mn 1.03
P 0.007
S 0.007 g
Ni 10.38
Cr 17.04
Mo 2.41
Cu 0.03
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Fig. 3 Hybrid DED 3D printer used for experiments

Table 2 Processing conditions

Process parameter

248, 3006, 362, 414, 473,

Laser power (W) 552, 602

Powder feed rate (g/min) 6.61,8.3,10.1,11.8

Travel speed (mm/min) 1000

Powder gas (I/min) 7

Coaxial gas (I/min) 30
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Fig. 4 Preparation of (a) vertical tensile specimens,
(b) parallel specimen, and (c) specimen
dimensions (unit: mm)
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Fig. 5 Schematic Diagram of deposited shapes
according to process conditions
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Fig. 6 Deposited heights at different (a) laser
powers and, (b) powder feed rates

Table 3 Optimized parameter values for stainless
steel 316L powder for the design layer
thickness of 0.25 mm

Process parameter

Laser power (W) 362
Powder feed rate (g/min) 6.6
Laser traverse speed (mm/min) 1000
Powder gas (I/min) 7
Coaxial gas (I/min) 30
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Fig. 7 Cross-sections of deposited regions at
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Fig. 10 SEM images of deposited region at different

positions: (a-b) top region, (c-d) middle
region, (e-f) bottom region, (g) dilution, and
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