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Abstract: In wire arc additive manufacturing, droplet transfer and molten pool dynamics are critical factors influencing weld
bead morphology. This study develops a three-dimensional transient computational fluid dynamics model that incorporates
mass, energy, momentum, and volume of fluid equations. The model captures droplet transfer, gravity, molten pool flow, and
solid-liquid phase transitions. Using this framework, we quantitatively analyze the effects of welding speed, droplet tempera-
ture, and welding position on the morphology of single-layer and multi-layer weld beads under the TIG process. The results
indicate that increasing the welding speed reduces the molten pool height by 59.14% (from 8 mm/s to 28 mm/s) and intensi-
fies the instability of molten pool flow at higher speeds. A higher droplet temperature corresponds to increased heat input per
unit time, resulting in a larger molten pool volume. The molten pool height increases by 19.86%, while its width expands by
11.64% (from 2 300 K to 3 100 K). Changes in welding position, which alter the gravitational direction, significantly affect
molten pool flow patterns. During multi-layer deposition, the weld bead morphology exhibits a lower profile at the arc extinc-
tion point and a higher profile at the arc initiation point. The accuracy of the model is validated by comparing the simulated
multi-layer weld bead morphology in flat, horizontal, and overhead welding positions with experimental data.
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Table 1 Chemical composition of Q235 low carbon steel (wt. %)

C Si Mn P S Cu
<0.20 <0.50 <1.70 <0.035 <0.035 <0.30
Ni Cr Mo \Y% Nb Ti
<0.50 <0.30 <0.02 <0.15 <0.07 <0.20

R2 ES0S-GRLMUFEMTEM (FESH, %)

Table 2 Chemical composition of E80S-G wire(wt. %)

C Si Mn P S Cr Mo Ni Cu
<0.06 <0.68 <1.57 <0.009 <0.008 <0.02 <0.01 <0.87 <0.04
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Fig. 1 The thermal physical properties of Q235 low-carbon steel
materials that vary with temperature
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Table 3 Thermal-physical material properties used in simulation

PR I Hfy
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H#(e) &1 JK
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Table 4 Welding condition parameters selected for simulation

3 T i T R M RMER R
/(mm-s™) T/ K fr'E 1A uv
1 8 2300 AR 180 22
2 13 2500 it 180 22
3 18 2700 [ 180 22
4 23 2900 st 180 22
5 28 3100 st 180 22
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Fig.4 Weld layer cross-section and molten pool characteristic

size diagram
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Molten pool growth and weld layer cladding state at different welding velocities
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Molten pool and weld layer morphology cross-sections XZ at different droplet temperatures
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