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Table 1 Main chemical composition of base metal (wt%)

C Mn Si S P Fe

0.17 0.45 0.264 0.030 0.025 Bal.
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Table 2 Mechanical properties of base metal

Yield strength/MPa Tensile strength/MPa Elongation/%

241 470 15

Current sensor
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Table 3 Chemical composition of weld seam metal deposited by

flux cored wire for underwater wet welding (wt%)

C Mn Si Ni S P Fe
0.02 1.15 0.08 0.007 0.005 0.01 Bal.
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Fig.1 In-situ X-ray observation and real-time welding signal acquisition system for underwater wet welding
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Table 4 Experimental process parameters of pulsed current

Standard level value

Parameter

A B C
Pulse frequency, F/Hz 20 50 100
Duty cycle, D/% 5 15 25
Peak current, I,/A 250 300 350
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Fig.2 Schematic diagram of gas pressure (a) and gas drag force (b)*"
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Fig.3 Schematic diagram of surface tension: (a) ideal droplet and
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Fig.4 Effect of welding speed on droplet detachment direction
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Fig.5 Droplet transfer process (a—b) and plasma flow force model (c—d) at different welding speeds: (a, ¢) 1.5 mm/s, and (b, d) 9.5 mm/s
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Table 5 Experiment parameters of pulsed current method and

traditional control method

No. F/Hz DI% I/A
1# 20 5 250
24 20 15 300
3# 20 25 350
44 50 5 300
5# 50 15 350
o# 50 25 250
T# 100 5 350
8# 100 15 250
O# 100 25 300
10# 100 200
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Table 6 Effect of pulsed current parameters under different level

3R E) A

values on the average repelled transfer time of droplets (ms)

Level FlHz D% IJA
A 254.69 290.36 294.58
B 295.95 28527 279.19
C 290.43 265.44 267.31
R 41.26 24.92 2727
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Control Mechanism of Droplet Transfer in Underwater Wet Pulsed Current Welding

Du Yongpeng', Chen Xiaogiang', You Jiayu', Guo Ning**, Fu Yunlong™’
(1. PLA Naval Submarine Academy, Qingdao 266000, China)
(2. State Key Laboratory of Precision Welding & Joining of Materials and Structures, Harbin Institute of Technology, Harbin 150001, China)
(3. Shandong Provincial Key Laboratory of Special Welding Technology, Harbin Institute of Technology (Weihai), Weihai 264209, China)

Abstract: The formation mechanism of repulsive transition in underwater wet welding was firstly analyzed. Affected by the aqueous environment,
molten droplets during underwater welding are subjected to combined effect of multiple forces. The gas pressure, gas drag force, and plasma flow
force acting on the droplet fluctuate dynamically with the generation location of arc bubbles and the position of cathode spots. These forces
together serve as the main driving forces for the repulsive transition of the droplet. The surface tension impedes lateral detachment of the droplet
from the wire tip, while gravity facilitates droplet separation from the wire tip to complete the transition. The influence of pulse frequency, duty
cycle, and peak current on weld formation, droplet transfer, and welding stability in underwater wet welding was investigated using the orthogonal
experimental method. The weld reinforcement variation coefficient was adopted to evaluate formation quality. The results indicate that optimal
welding performance is obtained at a duty cycle from 15% to 20%, a peak current of 350 A, and a pulse frequency of approximately 20 Hz. By
applying pulsed current during the peak current phase, the electromagnetic contraction force acting on the droplet is significantly enhanced,
promoting droplet transfer and increasing the transition frequency.
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