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Tablel Parameters of welding processes

Welding ~ Welding Ve10c1ty/ Welding energy Efficiency,
current, voltage,

I UV mm's’  input, gu/J-mm’’ n

30 15 3 150 0.8

40 15 3 170 0.8

50 15 5 150 0.8
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Fig.2 Finite element model of the flat-panel
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Table2 Heat source model parameters

Welding current, Welding heat source parameter/mm

VN a, as b c
30 2.6 5.4 2.6 0.2
40 2.7 5.3 3.0 0.2
50 2.7 5.3 3.2 0.2
28
24t
'72 20
gm-
121
»n
8 -
4+ —
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0 30 60 90 120 150

Time/s
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Fig.6 Average natural strain curves of different welding

processes in the weld zone
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Table 3 Thermal expansion coefficients of materials with

different welding processes

Average inherent Thermal expansion

Welding process stramgvalue, coefficient value
Unwelded / 0.000 012 1
30A 0.010 15 0.000 075 2
40 A 0.006 60 0.000 048 9
50 A 0.011 00 0.000 074 4
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Fig.8 Finite element model of nozzle tail (a) and local enlarged

view (b)
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Table4 Maximum deformation value of different welding

processes
Weldin Overall X direction Y direction Z direction
2 deformation/ deformation/ deformation/ deformation/
current/A
mm mm mm mm

30 1.576 1.4948 0.7797 1.0591

40 1.390 1.3262 0.7737 0.9924

50 1.574 1.4950 0.7864 1.0581

y direction z direction

30A
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Ko ARBZRTZRVA

Fig.9  Deformation diagram of different welding processes
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Table5 Different constraints deformation
Constraint type Constraint position Total deflection/mm Deformation position
Free state - 6 Inlet outer ring edge
Weld bead - No convergence
Single constraint Air vent 4.91 Inlet outer ring edge
Air inlet 2.39 Arc weld
Welds, air inlets - No convergence
Double constraints Weld bead, air vent 2.27 Outer ring inlet edge
Air inlet, air vent 2.76 Arc weld
Three constraints Weld bead, air inlet, air vent 1.39 Central inner ring exhaust port
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Optimal Simulation of Welding Defor mation Control Process for Thin-Wall GH3536
Tail Nozzle

Li Yan'?, Liu Qi', Li Yanbiao', Zhang Yanfeng’, Tian Mengliang*, Wu Zhisheng'

(1. School of Material Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)
(2. Upgrading Office of Modern College of Humanities and Sciences, Shanxi Normal University, Linfen 041000, China)
(3. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)

(4. Technology Center, AECC Guizhou Liyang Aero Engine Co., Ltd, Guiyang 550002, China)

Abstract: Based on SYSWELD simulation software, a computational method combining the thermal elastic plastic finite element method
(FEM) and the inherent strain method FEM was used to study the influence of the welding process on welding deformation of the
thin-walled GH3536 tail nozzle assembly. Firstly, the plate docking process test and thermal elastic plastic FEM calculation are carried out
to check the welding heat source model, and the average inherent strain value of the joint and the modified thermal expansion coefficient
of the material under different welding processes were obtained. Secondly, the finite element model of full-size three-dimensional tail
nozzle welding was established. Based on the elastic FEM of the inherent strain theory, the influence of welding process parameters and
welding constraints on the welding deformation of the tail nozzle assembly was calculated by the thermal expansion coefficient of the
material obtained by plate docking. The results show that when the welding current is 40 A, the minimum inherent strain value of the
thin-walled GH3536 plate butt welding joint is 0.006 60, and the deformation of the nozzle after welding is also the smallest, which is the
recommended optimal welding process. When the weld, air inlet and exhaust port are clamped at the same time, the deformation of the
nozzle is the smallest after welding, and the overall deformation is 1.39 mm.

Key words: thin-walled GH3536; tail nozzle; process optimization; welding deformation; numerical simulation

Corresponding author: Li Yan, Ph. D., Associate Professor, School of Material Science and Engineering, Taiyuan University of Science

and Technology, Taiyuan 030024, P. R. China, E-mail: yanli1988@tyust.edu.cn



