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Abstract: To address the manufacturing requirements of dissimilar steel (SA508 Gr.3 Cl.1/SA182 Gr.F316LN) butt welds
between reactor pressure vessels and main pipeline safe-ends, this study systematically investigates the characteristics of all-
position automatic TIG welding processes. Comparative analysis of multi-layer single-pass welding (with tungsten oscilla-
tion) and multi-layer multi-pass welding (without tungsten oscillation) reveals that: The multi-layer multi-pass welded joints
exhibit no detectable ductility-dip cracking (DDC), achieve 100% nondestructive testing compliance, demonstrate room-
temperature tensile strength of 665 MPa and high-temperature tensile strength of 547 MPa at 350 °C, with maximum impact
energy reaching 245 J (V-notch). All eight bending specimens show defect-free performance. In contrast, multiple 100~200
um-scale DDC cracks were observed in multi-layer single-pass welded specimens. Experimental results confirm that multi-
layer multi-pass welding effectively reduces crack susceptibility in nickel-based welds through controlled heat input (peak
current 180-230 A, wire feed speed 70~130 cm/min) and optimized bead arrangement, producing uniform hardness distribu-
tion (180~211 HV) and no intergranular corrosion cracking tendency. The comprehensive performance exceeds nuclear
power standards, providing critical data support for engineering applications of thick-walled dissimilar steel structures.

Keywords: dissimilar steel welding; all-position automatic TIG; nickel-based alloy; multi-layer multi-pass welding;

ductility-dip cracking

KHEE: 2024-03-05  fEEHHA: 2024-04-11
EHERINT: 45 W(1985—) B, Wit , FENFUHRRHAE AR K 1A WH5E . E-mail: cfhiliyang@163.com,



55 3 1) OV, A BESE S AT AR L 0B A 3l TIC FHE T ZH 83

SR A IR XU AW, S5 B S a 5 NS S R e S A 6 1 A 3 TIG IR T 2P 5[], s AR AL, 2025, 55(3)

82-87.

Citation:LI Yang, XU Muzhong, LIU Zigang, et al. Study on All-position Automatic TIG Welding Technology for Dissimilar Joints of Nickel-based

Alloy and Stainless Steel[J]. Electric Welding Machine, 2025, 55(3): 82-87.

0 5l

[l

VE R TR 2 A — 2 B Je— Il B )
B GRSy A SN HE T S R S A
e Ui 22 [R] S5 o A AR o 2 K 14 P B R o e 28 O T
B PIRSER IS S G RGeS T
PRILIREE BT I AL BRI ST BB SRR A
(AT L2 WU A% FL 7™ i L e e B e B
BEh SR R . i TR S SRS SR I
SR R T MR 22 I AR R 5 A Al T BT
KRR T A A 5 BIPE T I [R] IE AR A R
BAaTCR S R, TEARAE B B ] o 5 v O A B
I, NTTAF A — 2 BRSP4 4%
7k B it At R o R R A AR AR R A 1 TR R
T A AZ L7 il A T 5K A R SRR P A AR 4
W2 VL Z R80T, BEE (IR MR R X rh ik
RSN A, ELAFAEAT H ) RIRE A T A o
R PC R R IR A2 N T, 5 3R 22 AR T I SRl Xl
B AR Fh R )R A — o A REURGRL B X AT
24 SR AR TR B FRAFL SRR I Stk T B8

S E A 2 TIG & T L A2 L A shik
PR e R T 20 S XS € )
e BT D ARG AR N 1/ NI TR
e LRSI . ASGHE T 40 E A ) TIG #4%
B, AU R SN s ) AR AR AR 5 A I 2 A
XHERREE , S AT Z R AR S Z R ZIER T L
IR AT o 8 i R 4 R B ) AR A ) o
o5 TSR, PRUER RS AR Tt I AL 27 hl
o3 e 3o PERE X1 AL AR OGEOR BR , R 5
B EAZ L = ) AR

1 REMRSTE

1ok 565 7 2 ) R FH A& 4249 SAS08 Gr.3 CL.1
FEBF ISR L BR B )2 7 A T R AN

SA182 Gr.F316LN, Horp | B 3L B J2 o 5 1 Xt 452
e 11 35 5 4 JE T FH A BH 1) R B 25 4 INCONEL
52M, 1542 ©0.9 mm [ 52552 .

BEADAZ By M i ) 25 e 4548 5 48 1B 1 A g
X U B PR, GniEl 1R .

67 #5070 mm

SANE2 GrFSIELN Ge3 CL.1

68 mm

|
AR 5

=]

PRAEMEAR

B1 HEEOTE
Fig. 1 Diagram of butt groove
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Fig.2 Multilayer single-pass welding (tungsten swing) schematic

diagram
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Table 1 Multi-layer single pass welding (tungsten swing) welding

process parameters
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Fig.3 Multi-layer and multi-pass welding (tungsten don’t swing)

schematic diagram
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Table 2 Multi-layer and multi-pass welding (tungsten don't swing)
welding process parameters
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Fig. 4 Metallographs of welding seam after twice bending before soaking
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Fig. 6 Metallographs of welding seam after twice bending before soaking
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Table 3 Test result of chemical composition of weld (wt. %)

C Si Mn P S Cr Ni
0.029 0.50 0.82 0.008 0.003 29.16 >56

Mo Cu Co Ti Fe Al Nb+Ta
0.13 0.01 0.02 0.54 10.95 0.47 0.02
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Table 4 Tensile test results
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Table 5 Impact toughness test results
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Table 6 Bending test results
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Table 7 Hardness test results
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Table 8 Metallographic examinations
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