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properties. The 50-layer reciprocating stacking experiments were carried out on the steel plate with 316L and Inconel 625 weld-
ing wires at 25% and 5% gradient ratios respectively in the double-pulse arc mode, and the deposited samples were investigated
in terms of morphology, deposition efficiency, microstructure, hardness, and tensile properties, and the molding quality of the
deposited samples was comprehensively evaluated by an evaluation system with multilevel indicators. The two samples were
successfully transitioned and stacked with 50 layers, and the surfaces were well molded without defects such as non-fusion,
flowing, and cracking. From a macroscopic view, there were no defects such as porosity and thermal cracks in the cross-section
of the sample. It was found that the deposition efficiency of 5% samples was higher than that of the 25% samples, and the hard-
ness increased with the increase of the proportion of Ni-based aloys. It was aso found that the gradient region of 75%
316L+25% Inconel 625 in 25% sample had cracks and the hardness and tensile properties decreased, which reduced the overall
quality of the sample, while the sample with 5% gradient ratio had no such region with great overall quality through electron
microscopy scanning method. The gradient materials obtained by the 5% transition ratio process in wire arc additive manufac-
turing have higher strength and toughness and excellent tensile properties, providing a reliable guarantee and a bright prospect

for its application in industrial production.
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Tab.1 Chemical composition elements wt.%
Materials C Si Mn S Cu P Cr Ni Mo Fe Nb
316L 0.016 0.51 2.14 0.014 0.03 0.013 18.96 12.73 2.32 Bal. —
Inconel 625 0.006 0.15 0.15 0.001 — 0.001 22.04 64.9 8.75 — 3.49
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Tab.2 Wire feeding speed of sample and proportion B
of material 2
316L 316L Incone Inconel §
Sample  content/ speed/ 1625 con- 625 speed/ 2
wt.% (mminY)  tent/wt.% (m-minY) g
100 6 0 0 £
75 4.5 25 15
M1 50 3 50 3
25 15 75 45 P2 BERE A it ) JBORE o
0 0 100 6 Fig.2 Sampling location of the additive manufacturing sample
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Tab.3 Sample deposition data

Wireradius/  Deposit length/ Number of Cooling Scanning speed/ 316L density/ Inconel 625 density/
mm mm layers time/s (mm-s ) (g-cm3) (g-cm™3)
0.6 150 50 30 10 7.93 8.44

*4 MARITEHOME
Tab.4 Efficiency of the deposition process
Sample Effective deposition Total sedimentation Deposition Effective deposition
P volume/mm? volume/mm? efficiency/% efficiency/(kg-h ™)
M1 41 250 84 780 48.7 0.4374
M2 54 600 84 780 64.4 0.578 4
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Fig.5 Waveform of the electrical parameters in the double pulse mode of the deposition process
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Fig.7 EDS energy spectrum
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Tab.5 Sample element content wt.%
Sample C Fe Cr Mn Mo Nb Ni Si
a 5.92 31.59 19.68 0.93 5.46 2.85 32.66 0.57
b 6.03 43.54 19.23 131 3.82 1.53 23.49 0.66
c 4.80 47.43 19.19 1.30 3.47 1.27 21.78 0.68
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Fig.8 Hardness histogram
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Fig.9 Displacement tensile strength curve and fracture dimple of the sample
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Tab.6 Sample normalization treatment

Experi-
ment
number

Experi- Inten-
Sum  ment sile
number strength

Intensile Elonga-
strength  tion

M1-H1 045 085 13 M2-H1L 006 O 0.06

M1-H2 O 0 0 M2-H2 0 011 01

M1-H3 057 023 08 M2-H3 058 078 1.36
M1-H4 083 092 175 M2-H4 042 O 0.42

M1-H5 1 1 2 M2-H5 1 1 2
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