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Application of TT automatic welding in circumferential seam welding of

X7Ni9 steel LNG storage tank inner vessels

ZHOU Cong, LU Xingcai,ZHAO Longyi, SHEN Kang
(PipeChina Engineering Technology Innovation Co.,Ltd.,Tianjin 300450, China)

Abstract: To improve the welding quality of circumferential seams in LNG storage tank inner vessels , this study focuses on the
tandem TIG welding process for X7Ni9 steel circumferential seams. A double-] narrow groove design and single-sided welding
with double-sided formation technology were applied to investigate the mechanism behind the excellent cryogenic toughness of
tandem TIG welded joints. Microstructure analysis was performed using optical microscopy and scanning electron microscopy.
Non-destructive testing and mechanical evaluations, including tensile, bending, impact, hardness, crack tip opening
displacement, and X-ray diffraction tests, were conducted. Results showed that the welds exhibited excellent formation and
performance.The average tensile strength reached 743 MPa, and bending tests confirmed defect-free welds. At the temperature of
-196 °C, the impact toughness values were 152.1 J for the upper weld surface with a lateral expansion of 1.82 mm, 164.2 J for the
root weld with 1.58 mm lateral expansion,233.1 ] for the upper heat-affected zone with 2.05 mm lateral expansion,and 175.3 ] for
the root heat-affected zone with 1.71 mm lateral expansion.The crack tip opening displacement values were 0.465 mm for the weld
and 0.734 mm for the heat-affected zone, demonstrating outstanding cryogenic toughness. This is attributed to the fine-grained
austenitic microstructure , high purity, and abundant reversed austenite content in the weld.The developed tandem TIG welding
process has been successfully applied in engineering demonstrations , providing a foundation for its broader use in LNG storage
tank manufacturing.
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Fig.1 Schematic diagram of weld seam tracking
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Tab.1 Chemical composition and mechanical properties of X7Ni9 steel
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C Mn P Si S Cu Ni Cr Mo Nb Fe | RyMPa R,/MPa -196 CELtidisAL/l

0.05 0.6 0.003 0.19 0.002 0.02 8.7 0.02 0.003 0.003 HHR 694 730 253
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Tab.2  Chemical composition and mechanical properties of welding materials
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C Mn  Si P S Ni Cr Mo | R, /MPa  R,/MPa  —196 ‘CE LbyhizhA,/)

0.005 053 0.07 <0.005 <0.001 59.23 1533 1542 456 713 122
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Fig.8 Test specimen after stretching
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Tab.5 Impact test results of welded joints at =196 ‘C
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Fig.12  Macromorphology of impact test specimen
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