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Study on the Effects of X-Groove Geometric Parameters on Post-
Welding Deformation and Residual Stress of 800MPa Grade Marine
High-Strength Steel in MIG Welding

SHAO Xingmeng, KONG Hongyu’, GONG Xuhui, WANG Xinghua, WANG Qingyun, WANG Jingjie

Luoyang Ship Material Research Institute, Luoyang 471023, China

Abstract: The influence laws of X-groove geometric parameters on the welding deformation and residual stress of 800MPa
grade marine high-strength steel butt joints were clarified. Groove angle (50°, 60°, 70°), root gap (0 mm, 3 mm, 6 mm) and
root face size (0 mm, 2 mm, 4 mm) were selected as the influencing factors, and a study was carried out via the method of or-
thogonal experiment combined with numerical simulation. A test platform for measuring the angular deformation of butt
plates was established. The response laws of angular deformation values of the first and second welding surfaces of butt
plates were obtained, and the formation mechanism of the final angular deformation values was revealed. The back chipping
process was simulated by the element birth and death method. Combined with the X-ray diffraction method, the distribution
characteristics and evaluation indicators of residual stress of the plates were obtained. The results showed that obvious differ-
ences existed in the responses of angular deformation increments of the first and second welding surfaces to groove geomet-
ric parameters, and the sum of the two increments determined the response law of the final angular deformation. The root
gap exerted the most significant influence on the final angular deformation, which first increased and then decreased with
the increase of root gap. The longitudinal residual stress was most affected by the root face size, increasing significantly with

the increase of root face size. The response of transverse residual stress to groove geometric parameters was basically consis-
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tent with that of angular deformation. The research results provided theoretical support and technical guidance for the weld-

ing process optimization and engineering application of X-groove in 800MPa grade marine high-strength steel.

Keywords: marine high-strength steel; geometric parameters of X-groove; finite element simulation; welding deformation;

residual stress
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Table 1 Chemical compositions of 800 MPa grade marine high-strength steel and welding wire (wt. %)

ket C Si Mn S P Ni Cr Mo v Ti

BB <0.11 0.17~0.37 0.40~0.70 <0.010 <0.015 4.4~48 0.40~0.70 0.30~0.55 0.03~0.09 —

ey 0.05 0.38 1.75 0.0076 0.007 251 0.58 0.64 0.08 0.035
2 S00MPa B AR EM AR S F A o i 46 B VR B2 £ i Ak B 40

Table 2 Mechanical properties of 800 MPa grade marine high-

strength steel at ambient temperature
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Fig. 1 Schematic diagram of geometric parameters for X-shaped

groove
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Table 3 Groove geometric parameters of each test plate in the L,(3°)

orthogonal experiment

dms  BWOMAE () FRFRE B b/mm i RF p/mm

#1 50 0 0
#2 50 3 2
#3 50 6 4
#4 60 0 2
#5 60 3 4
#6 60 6 0
#1 70 0 4
#8 70 3 0
#9 70 6 2
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Fig.2 Angular distortion measurement platform
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Table 4 Welding parameters of butt-welded specimens
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Fig.3 Welding experiment scene
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Fig. 4 Thermophysical parameters of 800 MPa grade marine high-
strength steel
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Fig. 5 Boundary condition setup of the simulation model
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Fig. 6 X-ray stress analyzer
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Fig. 7 Displacement of measurement points at the free end of each test

plate during the welding process
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Table 5 First and later welded surfaces of specimens and final angular distortion

v e e #1 #2 #3 #5 #6 #7 #8 #9
SeRRIm AT i o, /(°) 0.3231 0.1735 1.4639 0.7321 1.4703 0.4981 0.2578 1.3812 0.9198
Je KA AT it o/ () -0.3820 -0.3613 -0.5950 -0.4647 -0.2784 -0.6064 -0.4154 -0.2561 -0.3596

T SAETE 0 (°) -0.0589 -0.1878 0.8689 0.2674 1.1919 -0.1083 -0.1576 1.1251 0.5602
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Table 6 Range analysis results of first and later welded surfaces and

final angular distortion of specimens
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Fig. 8 Mean response diagram of first and later welded surfaces and

final angular distortion of specimens
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Fig. 9 Element arrangement of weld bead in the simulation model
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Fig. 10 Distribution of residual stress of specimen #5 on the later

welded surface and the cross-section at the 1/2 length of the weld
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Fig. 12 Test results of residual stress at the measurement points of

each specimen
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Table 7 Range analysis results of evaluation indices of residual stress

of specimens
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Fig. 13 Mean response diagram of evaluation indices of residual stress

of specimens
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