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Process parameters optimization of laser lap welding of
thin plate Invar36 for LNG ships

ZHANG Junyi'?, LIU Zuguo'”, JIANG Zhiwei'” , JIN Xiangzhong'’, LI Junhao'’
(1. State Key Laboratory of Advanced Design and Manufacturing of Vehicle Body, Hunan University, Changsha 410082, China;
2. Laser Research Institute, Hunan University, Changsha 410082, China)

Abstract: In order to solve the problem of welding defects in Invar alloy welding, the technological parameters of Invar alloy
lap welding ( the thickness of the upper and lower plates with 1.5mm) for liquefied natural gas (LNG) ship sheet were studied.
Though designing and manufacturing a gas protection box, by means of numerical simulation analysis and orthogonal experiment,
the optimal process parameters of Invar alloy lap welding were obtained. The experimental results show that the porosity defects are
effectively suppressed under complete shielding gas, and the optimal technological parameters for the lap welding of Invar alloy
are obtained as: Laser power is 3.4kW, welding speed is 1.3m/min, defocus is +20mm, laser incident angle is 5°, and laser
spot energy distribution is 2: 1, respectively. Under the optimal process parameters, the weld surface is silvery white, and there
is no defect such as air holes. The hardness of the weld is smaller than that of the base metal but larger than that of the heat
affected zone. The tensile strength is 417. 16MPa, which is 94.8% of that of the base metal. The error between the simulation
results and the test results is small, which proves the reliability of the simulation model established in this paper. This result is
helpful for the construction of the later process parameter database of Invar laser lap welding.
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Fig. 1 Welding equipment
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Fig.2 Porosity defect
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Fig.3 Gas protection box

Fig.4 Surface morphology of weld under full gas protection
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Fig.5 Sectional view of weld under full gas protection
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Fig. 6  Finite element mesh of lap welding
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Fig.7 Analysis of welding temperature field by laser power
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Fig.8  Analysis of welding temperature field by welding speed
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Fig.9 Light spot energy distribution
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Table 1 Orthogonal experiment factors and level
factor A factor B factor C factor D factor £
fevel laser power/kW welding speed/(m - min~") defocusing amount/ mm incident angle/(°) energy distribution/ %
1 3 1.1 16 0 1:1
2 3.2 1.3 18 5 2:1
3 3.4 1.5 20 10 4:1
Table 2 Orthogonal experiment table
experiment factor result 1 result 2 result 3
number A/kW  B/(m - min~") C/mm D/(°) E/% weld depth/pm weld width/ pum radius/ pwm
1 3 1.1 16 0 1 855 2101 1234
2 3 1.3 18 5 2 371 1793 1307
3 3 1.5 20 10 4 245 1837 1300
4 3.2 1.1 16 5 2 406 2450 1425
5 3.2 1.3 18 10 4 344 1955 1371
6 3.2 1.5 20 0 1 513 2078 1111
7 3.4 1.1 18 0 4 644 2313 1274
8 3.4 1.3 20 5 1 785 2151 1138
9 3.4 1.5 16 10 2 455 2349 1334
10 3 1.1 20 10 2 970 2157 1200
11 3 1.1 16 0 4 298 1868 1351
12 3 1.3 18 5 1 634 1865 1030
13 3.2 1.5 18 10 1 1009 2160 1123
14 3.2 1.1 20 0 2 472 2310 1254
15 3.2 1.3 16 5 4 300 1907 1353
16 3.4 1.5 16 5 4 556 2300 1360
17 3.4 1.1 18 10 1 826 2140 1174
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Fig. 10 Macro-morphology of weld
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Fig. 11 Sectional view of weld
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Fig. 16  Comparison of experiment result and simulation result
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