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Table 1 Comparison of four underwater welding technologies

Parameter Wet welding Local dry welding Dry welding Friction stir welding, FSW
Applicable water depth <60 m <150 m >300 m Full water depth
Typical defect Hydrogen induced cracking ~ Unstable air curtain Hull leakage Thick plate restriction
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Norwegian subsea pipeline
. NASA fuel tank
repair
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Table 2 Differences between underwater welding and onshore welding

Effect mechanism of water environment

Comparison Onshore welding Underwater welding
Environmental pressure/
0.1 0.1 (10 m)
MPa
Cooling rate/°C-s™' 10*-10° 10*-10°
Hydrogen-Induced defects /
. [H]s5 [H]=15
mL-(100 g)
Flexible in all

Process adaptability o
positions

Energy spectrum >
o Arc stability
characteristic

Metallurgical quality Porosity<1%

Dry welding: requires hull

Arc contraction

Porosity: 5%-20%

Arc contraction and droplet transition are instability.

HAZ hardness and the proportion of martensite increase, but

toughness decreases.

Hydrogen is produced from water decomposition.

Visibility restricts operation precision!®.

Energy consumption for water ionization',
bubble oscillation, and current fluctuation occur™®.
Increased molten-pool solidification rate leads to hindered

bubble escape!”.
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Fig.1 Forms (a) and schematic diagram (b) of double jacket filler wire
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Fig.2 Evolution diagram of arc bubble in underwater wet welding"”!
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Research Progress of Underwater Welding Technology

Guo Ning'?, Ye Yifu’, Wang Ziyang’, Zhang Hongguang’, Zhang Xin'?, Fu Yunlong"”
(1. State Key Laboratory of Precision Welding & Joining of Materials and Structures, Harbin Institute of Technology, Harbin 150001, China)
(2. Shandong Provincial Key Laboratory of Special Welding Technology, Harbin Institute of Technology (Weihai), Weihai 264209, China)

Abstract: With the rapid development of marine engineering, the research and application of underwater welding technology has become the key
to marine engineering construction. In this review, the classification and characteristics of underwater welding were briefly described. The
influence of underwater environment, welding materials, and welding process on the quality of underwater wet welding was analyzed. The
application of in-situ observation method and external auxiliary means in the field of underwater wet welding was introduced. The research results
of underwater local dry-laser welding with powder feeding/wire feeding were summarized. The research progress of underwater dry method under
different water depths was introduced. The research results in the field of underwater friction-stir welding were analyzed.
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