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Fig. 1 Schematic of the WAAM assisted the mechanical vibration and
the test samples
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Table 1 Chemical compositions of the experiment materials W /%
E c Mn Si S P Ni Cr Cu Fe
fRse 0.007 1.54 0.92 0.011 0.011 0.006 0.023 0.126 Hoar
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Table 2 Sample numbers and process parameters
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Hz /mm /(mm-s?) Asf[al/s
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4 15 0.4 8 160 24 50
5 15 07 8 160 24 50
6 20 0.4 8 160 24 50
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Fig. 2 Vibration curve of the substrate with the vibration frequency of
10 Hz and the amplitude of 0.4 mm
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Fig. 3 Grain boundary map drawn by Image-Pro-Plus
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Fig. 4 The macroscopic morphologies of the samples
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Fig. 5 The surface morphology analysis of the thin-walled sample
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Fig. 6 Metallographic microstructures of the samples under different vibration frequencies
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Fig. 7 Grain size statistics s under different vibration frequencies
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Fig. 8 Metallographic microstructures of the samples under different amplitudes
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Fig. 9 Grain size statistics under different amplitudes
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Fig. 11 Tensile properties of the samples under different amplitudes
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Effect of Low Frequency Mechanical Vibration on Microstructure and
Mechanical Properties of Mild Steel Produced by Wire Arc Additive
Manufacturing

BAO Peng-fei, YI Bo, SHI Xue-zhi
(College of Marine Engineering Equipment, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China)

Abstract:

Due to its high deposition efficiency and low production cost, wire arc additive manufacturing (WAAM)
has received extensive attention in the fabrication of large-scale metal parts. The effects of low-frequency
mechanical vibration on the microstructure and mechanical properties of low-carbon steel thin-walled parts
fabricated by WAAM were studied. The results showed that the mechanical vibration in the frequency range
of 0-20 Hz and amplitude of 0-0.7 mm refined the grain size and improved the tensile strength of the low-
carbon steel fabricated by WAAM. As the frequency increased from 0 to 20 Hz, the average grain size
decreased from 7.60 um to 6.67 um, which decreased by 12%, and its tensile strength and yield strength
increased to 497.5 MPa and 385 MPa, respectively; as the amplitude increased from 0 to 0.7 mm, the average
grain size decreased from 7.60 um to 6.35um, which decreased by 16%, and its tensile strength and yield
strength increased to 500 MPa and 385 MPa, respectively. Using low-cost mechanical vibration-assisted
WAAM can optimize the microstructure and properties of the low-carbon steel, which provides a reference for
high-performance additive manufacturing.

Key words:
mechanical vibration; wire arc additive manufacturing; mild steel; microstructure; mechanical properties
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