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Fig.1 Plasma-FCAW underwater composite welding platform

1 EH36 RILER S
Table 1 Chemical composition of EH36 steel (wt%)

C Mn Si S P Cu Al Cr Ni
0.15 1.45 0.606 0.006 0.01 0.193 0.125 0.221 0.223

2 CHTSINil ZHi R4/
Table 2 Chemical composition of CHT8INil flux cored wire

(wWt%)
C Mn Si S P Ni Cr Mo Vv
0.055 1.35 0.35 0.005 0.015 095 0.024 0.10 0.015
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Table 3 Experimental parameters at different salinities

Number Plasma FCAW Field Plasma gas  Salinity/
current/A  voltage/V  current/A flow/L-min™ %
1 165 29 1.8 4.5 0
2 165 29 1.8 45 |
3 165 29 1.8 4.5 3.5

2 Plasma-FCAW & & 4245
Fig.2 Plasma-FCAW underwater hybrid welding torch: (a) front view

and (b) side view
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Fig.3 Schematic diagram of Plasma-FCAW underwater hybrid welding
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Fig.4 Transition period of molten droplets at different salinities: (a) 0%, (b) 1%, and (c) 3.5%
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Fig.5 Electrical signals during arc initiation (a,—c,) and ignition (a,—c,) processes at different salinities: (a,, a,) 0%, (b,, b,) 1%, and (c,, ¢,) 3.5%
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Fig.6 Macroscopic morphologies (a,—c,) and cross-sectional morphologies (a;—<,) of welds at different salinities: (a,, a,) 0%, (b,, b,) 1%,and (¢, ¢,) 3.5%
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Fig.7 Microscopic morphologies of weld zone at different salinities: (a) 0%, (b) 1%, and (c) 3.5%
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Fig.8 Microscopic morphologies of fusion zone at different salinities: (a) 0%, (b) 1%, and (c) 3.5%
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Fig.9 Microscopic morphologies of heat affected zone at different salinities: (a) 0%-CGHAZ, (b) 1%-CGHAZ, (¢) 3.5%-CGHAZ, (d) 0%-FGHAZ,

(¢) 1%-FGHAZ, and (f) 3.5%-FGHAZ
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Fig.10 Hardness of weld at different salinities
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Fig.11 Macroscopic morphologies of welds at different water
temperatures: (a) 0°C, (b) 10°C, (c)20°C, (d) 30°C,and (e)40°C
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Fig.12 Transition period of molten droplets at different water temperatures: (a) 0 °C, (b) 10 °C, (c) 20 °C, (d) 30 °C, and (e) 40 °C
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Fig.13 Electrical signals during arc initiation (a,—¢,) and ignition (a,—e,) at different water temperatures: (a,, a,) 0 °C, (b,, b,) 10 °C, (c,, c,) 20 °C,

(d,, d,) 30 °C, and (e,, ¢,) 40 °C
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Fig.15 Microscopic morphologies of heat affected zone at different water temperatures: (a) 0 °C, (b) 10 °C, (¢) 20 °C, (d) 30 °C, and

(e) 40 °C
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Influence of Water Environment on Microstructure and Droplet Transfer Behavior of
Magnetically Controlled Plasma-FCAW Underwater Hybrid Welding

Zhang Hongtao'?, Yang Fan'?, Yu Jia', Li Lianbo®, Sun Yu'
(1. Harbin Institute of Technology (Weihai), Weihai 264209, China)
(2. State Key Laboratory of Precision Welding & Joining of Materials and Structures, Harbin 150000, China)
(3. CNOOC Marine Engineering Co., Ltd, Tianjin 300451, China)

Abstract: Magnetically controlled plasma-flux cored arc welding (Plasma-FCAW), as an efficient hybrid arc welding method, is characterized by
excellent deep penetration and low spatter. However, the welding process is susceptible to disturbances due to the complex underwater
environment. To address this issue, a self-developed electromagnetic excitation device was used in this study to apply a transverse magnetic field
to the underwater hybrid Plasma-FCAW process. This magnetic control facilitated flexible coupling between the two arcs, thereby effectively
improving the stability of the hybrid welding process and the weld bead formation. On this basis, welding process experiments were carried out in
water environment with different salinities and temperatures. The influence of the water condition on droplet transfer behavior, weld formation, as
well as microstructure and properties was studied. The results show that increased salinity shortens the droplet transfer cycle, raises the cooling
rate, and reduces the weld width. Water temperature significantly affects arc stability and droplet transfer behavior: the droplet transfer cycle
shortens at low temperature, while it becomes irregular at high temperature. Both increased salinity and decreased water temperature increase the
content of side-plate ferrite and acicular ferrite in the weld zone. In contrast, higher water temperature increases the pearlite content in the heat-
affected zone, thereby affecting the hardness of weld.

Key words: underwater welding; Plasma-FCAW; droplet transition; salinity; water temperature
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