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Thermodynamic coupling numerical simulation and mechanical properties
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Abstract: To accurately predict the temperature changes during the laser welding process of TC4 titanium alloy and the mechanical
properties after welding, a laser welding temperature field model was established using ABAQUS subroutines. The temperature
field during laser welding was simulated and analyzed, and the changes in temperature and residual stress during and after welding
were studied. The hardness and surface residual stress of the welded joints were tested, and the microstructure was analyzed. The
results showed that when the peak temperature of the thermal cycle reached 2601 °C, the molten pool temperature was significantly
higher than the liquidus line, there are no solid phase grains in the molten pool, but rather a small amount of columnar crystals
formed after solidification. Additionally, the heat-affected zone near the weld had coarser grains, with higher quantity and density of
martensite within the grains. After laser welding, the microhardness in the weld zone was consistent, with slightly higher surface
microhardness, averaging 385 HV. The longitudinal residual stress along the welding direction showed a uniform peak in the
middle of the weld, with slightly lower transverse stress. The average stress errors for the longitudinal and transverse central regions
were 1.4% and 2.9%, respectively, and the residual stress distribution perpendicular to the weld direction was consistent.
Subsequently, the mechanical properties of the welded joints were studied through tensile simulations. The temperature field and
residual stress distribution obtained from numerical simulations matched the microstructure and surface residual stress distribution

of the welded samples. The displacement-load data from tensile tests and numerical simulations also matched, proving the
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feasibility and accuracy of the laser welding temperature field model and the tensile fracture model.

Highlights: (1) Through mechanical experiments and simulation analysis, the mechanical properties of TC4 welding joints were

accurately predicted.

(2) The distribution of temperature and stress fields in laser welding was clarified, and the fracture mechanism was

validated.

(3) The effects of welding temperature on microstructure, morphology, and hardness were analyzed.
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Table 1 Chemical composition of TC4 titanium alloy
Al A% Fe C N H (¢} Ti
6.02 3.79 0.03 0.05 0.04 0.013 0.065 At

Table 2 Laser welding parameters
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Fig. 2 Macroscopic morphology of welded joints. (a)

cross-section of weld; (b) schematic diagram of
measurement location
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Fig. 3 Schematic diagram of finite element model for
laser welding
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Fig. 4 Schematic diagram of tensile test specimen model
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Table 3 Temperature-related properties of TC4

L pr S [ fiE e R 5L LN 55 Jet Ml i g
T/°C K/(W-(m-°C) ) C/(J-(kg-°C) ) a/(10°°C™ E/GPa Ry.,/MPa
20 2001.2950 620 0.001919050 110 825
250 2494.7650 650 0.001924533 101 600
500 3454.2900 700 0.001930016 90 400
625 3372.0450 695 0.001935499 75 300
750 3481.7050 710 0.001935499 60 200
800 3563.9500 715 0.001938241 55 250
900 3618.7800 710 0.001940982 51 30
1000 3701.0250 720 0.001940982 50 35
1500 3714.7325 718 0.001 946465 48 10
2000 3728.4400 717 0.001951948 45 5
2500 3742.1475 700 0.001960173 15 5
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Table 4 Inherent properties of TC4 titanium alloy
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Table 5 Mechanical properties of welded joints
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Fig. 7 Three-axial stress distribution of simulated notched specimens
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Table 7 Johnson-Cook damage model parameters for
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Fig. 10 Actual and simulated cross-sectional morphology of laser-welded joint
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Microstructure in laser-welded joint. (a) microstructure in base metal zone in region [; (b) microstructure in
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Fig. 11
heat-affected zone in region |l ; (c) microstructure in weld zone in region |Il
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Fig. 12 Three-point thermal cycle curve of laser welding
internal temperature field
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