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Abstract: This paper aims to develop high-quality and efficient automatic welding methods for the replacement and installa-
tion of underwater positioning pins in nuclear power plants. To achieve this, a self-designed local dry underwater TIG weld-
ing gun is used to weld the nitrogen-controlled stainless steel tube sheet structure underwater and achieve the desired weld
quality. Firstly, designs the structure of the local dry underwater TIG welding torch. Fluid simulation of the welding torch is
then performed using ANSYS to optimize the position and mode of the air inlet and verify the drainage effect. The study
also investigates the influence of welding process parameters on the formation of underwater TIG weld and tests the me-
chanical properties of the weld. The results show that after optimization, the welding torch can establish a stable local dry
space during underwater welding, eliminating interference from the water environment. Using this welding gun, a uniform
and continuous weld can be achieved underwater. The variation of cross-section parameters of the weld with welding pro-
cess parameters is similar to that of onshore welding, but the penetration depth and width are smaller. It is also found that the
change in penetration and width of the underwater weld may be attributed to the rapid cooling rate of water and the alternat-
ing effect of thermal compression of the arc in a low-temperature environment. Furthermore, the mechanical properties of the
weld are directly proportional to the welding current and inversely proportional to the welding speed. The mechanical prop-
erties of the underwater TIG weld are equivalent to or even slightly higher than those of onshore welds.
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Fig. 1 Schematic diagram of the underwater TIG welding torch
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Fig.2 Fluid status of drainage cover drainage simulation test process
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Fig.3 Drainage cover drainage simulation test drainage effect diagram
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Fig. 4 Area fraction-residual water volume fraction

3 KTTIGEEIZWMR

3.1 IREEERX R4S AL R BN

SR R R AR RN R . BS54
R T KT 20 mm AR EEH FE 2 mm/s K42 HL U
330 A40 A.50 A 60 A FIT70 A FRMER T Y
NRBE 7 WP SRS A R A T T 35

W 6 s, bk SRR, Bl
TR, SRR LR R B A T R, MR AR TR Bl 2 1
Ko FERG SRR A5 SR — e B, SR
LU A, P A 3K BRI (L R 2, I L
R, RIS SE s K
3.2 1RHEE X IEL4E AL R BN

&7 7R T KR 20 mm K HL T K 60 A (11
BUR KR 439k 1.5 mm/s .2 mm/s 2.5 mm)/s

3 mm/s 3.5 mm/s B (1) 1 44 7 00 BT R A 4 A A T ()30 A;(5)40 A: ()50 Az (d)60 A; ()70 A
BBl nTLIEE R4 L B A B iR B ()R E5 TEMRE THIRAERR
G, B B, Fig. 5 Weld forming under different welding currents
AN[RVRR S (AR SE B A T S AN 5T 8 s . Al O 10
LA PR K TR SRR S5 A M —E IS DU, 45 3.5 7 penctration /'
BERYIE TR R 50 -5 JFHIH E U L o I £3.0f 1%%z
FEE YR RE S 7 RRA B A/ P 8], ZE A5 4 H it 225 E
— I AN R A AR T B 220l 17
PR A W R 7 B 1 05 - o
18, 5 FACHL 1 0l A 5 7, DA T e e 2 I TR T . '

‘ "irﬁij][]o 30 40weld C?J?‘rent/A()O 0
3.3 JKIRITIREE R T KRN E6 REHEETHEESEESN

KR JRIER T TIG K4 25 R K R B 28 4L S 304k Fig. 6 Weld cross section parameters at different currents



20 '@¢$#§\ 2023 4F

RPN A= AR Ak, S TS W AR A% ) OE B i . AR IR
IR XK IR M 0 mm 3 50 mm % BEFTAFSE . K9
SR T XL 60 A KRR T 2 mm/s (11
N, K535 0 mm .20 mm, 30 mm 40 mm, 50 mm
e KR A T AR A B AR TR 30

(a)1 mm/s; (b)1.5 mm/s; (c)2 mm/s; (d)2.5 mm/s; (e)3 mm/s
B7 AREETHIRERT

Fig.7 Weld forming under different welding speeds
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Fig. 10 Weld cross section parameters at different depth of water
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Fig. 11 Weld formation at different welding speeds
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Table 1 Mechanical properties of underwater TIG welding
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