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Hybrid additive manufacturing (AM) refers to a combination of two metal AM techniques: material deposition by
powder bed fusion (PBF) and additional building by directed energy deposition (DED). This study focused on different
characteristics in accordance with relative deposition directions of PBF and DED during hybrid AM production.
Characteristics of the sample fabricated by hybrid AM (i.e., hybrid sample) were compared with those of the sample
fabricated by PBF or DED. Ferrite was dominant in the microstructure of PBF deposits with very fine retained
austenite observed locally. In contrast, lath martensite and retained austenite were formed uniformly in the
microstructure of DED deposits. Different microstructures in the two processes were attributed to differences of
cooling rate. In DED deposits, microhardness was significantly decreased owing to a high retained austenite fraction.
However, in the hybrid sample, microhardness was rapidly increased in the HAZ owing to aging heat treatment for
long-term deposition. Principal wear mechanisms of PBF and DED samples were oxidative wear and plastic
deformation, respectively.
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Fig. 1 SEM images of the powders for DED and PBF

Table 1 Chemical composition of materials [wt%]

Element Powder for DED Powder for PBF
Fe Bal. Bal.
C 0.05 0.02
Si 0.6 0.66
Mn 0.72 0.69
P 0.013 0.015
S 0.05 0.001
Cr 15.8 16.01
Ni 4.63 4.51
Mo 0.1 -
Nb 0.25 0.18
Cu 4.66 424
N 0.1 0.009
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Fig. 2 Schematics of the principle and deposition path
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Fig. 3 Fabrication of wear test specimens according to building
direction
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(b) Observation of interfacial defects

Fig. 4 Surface roughness of PBF substrates and observation of
defects near the interface between PBF deposits and DED
deposits
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WD: 21.63 mm
SEM MAG: 2.50 kx Det: SE
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5 SEM images showing microstructure of PBF deposit and
DED deposit
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Fig. 6 Comparison of XRD phase analysis for different specimens
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Fig. 7 Comparison of IPF map and phase map of specimens
fabricated by each process
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Fig. 8 Vickers hardness distribution of cross-section in height
direction of each specimen
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3.4 Wear Test
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Fig. 10 SEM images of the worn surface, SEM images of cross-
Fig. 9 Wear width, weight loss and wear depth according to the section of wear tracks, and microhardness measurement of
building direction of hybrid sample after wear test cross-section after wear test
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