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Deposition path planning and stress control for gridding thin-walled
titanium alloy parts fabricated by wire-arc additive manufacturing
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Abstract: Wire-arc additive manufacturing (WAMM) is an emerging manufacturing technology that employs metal wire as the raw
material and arc as the heat source. It offers advantages in fabricating large and complex parts. Nevertheless, it still faces challenges,
including prolonged fabrication cycles, intricate path planning, and substantial residual stress. In this study, we explore the
optimization of the manufacturing path for wire-arc additive manufacturing when fabricating complex structural components, aiming
to mitigate the significant residual stress and strain induced by suboptimal manufacturing paths. Finite element software is utilized to
optimize the manufacturing path, and a unit body of a grid component with excellent forming quality has been successfully produced
using the optimized path. Through finite element analysis, it can be revealed that for the unoptimized path, the equivalent residual
stress at the thin-wall after cooling reaches 361 MPa, while that at the nodes after cooling is 666 MPa. In contrast, for the optimized
path, the equivalent residual stress at the thin-wall after cooling is 206 MPa, and the equivalent residual stresses at two nodes after

cooling are 260 MPa and 427 MPa, respectively. Compared to the unoptimized path, the optimized path leads to a 61% reduction in
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residual stress at the nodes and a 43% decrease in stress at the thin-wall. Moreover, the difference in residual stress between the

nodes and the thin-wall is smaller than that of the unoptimized path, resulting in less deformation and fewer defects caused by

residual stress. The grid component unit body fabricated using the optimized path exhibits well-combined melt tracks and superior

forming quality, with no discernible residual stress deformation. This effectively validates the feasibility of the optimized path in

controlling residual stress during the wire-arc additive manufacturing of grid components.

Key words: wire arc additive manufacturing; titanium alloy part; finite element analysis; path planning
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Table 2 Material parameters of TA15 alloy in FEM simulation

Type Value

Melting point/C 1600

Density/(kg + m ) 4405(20 °C), 3850(1800 C), 3700(2500 C)
Coefficient of thermal expansion/C' 8.5%10°°(20 °C)-1.2%10 (2500 C)

Young’s modulus/GPa 110(20 °C)-0.9(2000 °C and above)

Poisson’s ratio 0.32(20 °C)-0.42(2000 °C and above)

Yield strength/MPa 1000(20 °C)-20(2000 °C and above)

Thermal conductivity of X&Y/(W « m' - C ) 8.0(20 °C), 10.0(800 °C), 35.0(2000 °C and above)
Thermal conductivity of Z/(W - m ' - °C71) 7.0(20 °C), 15.5(800 °C), 33.0(2000 °C and above)
Specific heat capacity/(J - kg '+ C ") 580(20 °C)-830(2500 C)

2826232118161311 8 6 3 (x102K)
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Fig. 4 Goldak double-ellipsoid heat source model (a) temperature distribution of infrared thermometer;
(b) temperature distribution of the heat source of finite element simulation
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Fig. 8 Distribution maps of finite element simulation (a) temperature distribution; (b) stress distribution;
(c) distortion distribution; (1) unoptimized path; (2) optimized path
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