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Effect of Ultrasonic Impact Treatment on the Microstructure of Low
Carbon Steel Fabricated by Wire and Arc Additive Manufacturing
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Abstract: The problems of coarse microstructure and anisotropy arising from the process of wire and arc additive manufac-
turing (WAAM) of low-carbon high-strength steel have limited the application and development of this technology to a cer-
tain extent. In this paper, the introduction of inter-layer ultrasonic impact treatment (UIT) in the WAAM process can effec-
tively improve the microstructure state and anisotropy. The microstructure states of depositions without and with UIT are
compared by optical microscope and scanning electron microscope. The results showe that the typical columnar treatment
with obvious directionality was transformed into a uniform and fine equiaxed microstructure after UIT. The electron back-
scatter diffraction results showe that UIT strengthening can substantially improve the microstructure directionality and refine
the grains. This is because UIT can break the restriction on dislocation movement within the microstructure and promote dis-
location merging and annihilation, which leds to the formation of a large number of substructures and partial recrystalliza-
tion under the thermal effect of subsequently deposited layers. This transformation hinders the growth of columnar micro-
structure and divides them into cellular or equiaxed microstructure with small aspect ratios.
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Table 1 Chemical composition of the substrate and wire(wt. %)

ME  C Mn Si Cr Ni Mo Cu A% Fe
KA 012 1.00 080 064 067 — 042 — L5
2zkF 0.05 1.60 038 058 255 058 <0.10 <0.02 At

£ WAAM U1 FL i 7 Hb i ] Fronius TPS4000
CMT 4z H I, SR Sk R AR A DB SR R A M
ARG | A DT 257, (R 463 43 R
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Table 2 Process parameters of low carbon steel produced by WAAW

WL HESE/(memin™')  B4TH#E/(m min™) ST /s

ZENEAYS

Wit/ (L-min™")

HLIE/A RS AA

45 0.25 60 14.7

152 9(Ar)90%+¢(CO,)10% 15
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Fig. 1 Schematic diagram of thin-wall deposition and inter-layer UIT

strengthening process
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Fig. 2 Macrostructure comparison of depositions without and with UIT
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Fig. 3 Microstructure comparison of depositions without and with UIT
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Fig. 4 Structure characteristic comparison of recrystallization for de-

positions without and with UIT
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Fig. 5 Distribution of Taylor factor of depositions without and with UIT
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Fig. 6 Statistics of Taylor factor of depositions without and with UIT
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Fig.7 Comparison of IPF figure of thin wall without and with UIT
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Fig. 8 Statistical chart comparison of grain size of depositions without
and with UIT
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Fig. 9 Schematic diagram of microstructure evolution during UIT
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