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Wu Shaojie"*?, Qu Huangyi', Cheng Fangjie"’
(1. School of Materials Science and Engineering, Tianjin University, Tianjin 300350, China;
2. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China;
3. Tianjin Key Laboratory of Advanced Joining Technology, Tianjin 300350, China)

Abstract: The analytical model of the welding thermal process can accurately depict the internal thermal behavior of
the workpiece during the welding process, provide insights into the physical relationship between the welding process
parameters and the shape of the molten pool, and quickly determine the penetration depth. The widely used welding
temperature field analysis model typically calculates the arc as a heat source with constant power and speed instead of
referring to the actual welding process and adjusting the welding heat input (welding current or speed) in real-time to

ensure penetration. As a result, this analytical model of the welding temperature field is not suitable for application in
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welding penetration control. To enable the analytical model to estimate the penetration depth under time-varying
speeds, an analytical model of the welding temperature field suitable for determining the time-varying welding speed
of gas tungsten arc welding (GTAW) is established in this paper. Based on the temperature field analytical model for a
moving point heat source at a constant speed, the formula for the temperature change caused by the time-varying
welding speed moving point heat source during the action time of the heat source is obtained for the control cycle. The
continuity proof confirms the formula’s continuous integrability, and subsequent deductions lead to an analytical
model of the welding temperature field appropriate for a time-varying welding speed moving point heat source. To
increase the calculation speed and decrease the amount of calculation, the coordinate change method is employed to
obtain a rapid solution of the temperature field of the heat source and its vicinity. Based on the numerical integration
approach, an analytical model solution method is obtained that produces the correct computation of the temperature
field of the molten pool and predicts the penetration depth and width by extracting the isotherm. Furthermore, the
accuracy of the analytical model is confirmed by process tests. The results demonstrated that in the 0—4 s stage, the
calculated penetration depth is the same as the actual measured penetration depth, and the error is controlled within
6%. In the 4—16 s stage, the calculation error increases as the speed changed because the heat source coefficient is no
longer applicable, but the calculation errors of penetration depth and penetration width are controlled within 17% and
12%, respectively. Therefore, the developed analytical model of the welding temperature field can predict the pene-
tration depth under time-varying speeds.
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Fig.9 Top view and cross-sectional macroscopic metal-
lographic image of the weld at time-varying speed
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Tab.2 Comparison between measured and -calculated
values of penetration depth and penetration width

BB | szbaks | VRS | | sEbRkE | VRS | R/
Wmm | %/mm % FE/mm | BE/mm %

I 2.87 2.71 5.9 4.75 4.40 7.9
I 2.64 2.38 10.9 4.59 4.21 9.1

m 1.49 1.78 16.3 4.11 3.68 11.6

v 2.41 2.10 14.7 4.32 3.92 10.2
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