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Fig. 1 Finite element model of Y-ring: (a) Geometric model;

(b) Meshing of joint
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Fig. 2 Changing curves of material properties with temperature
for materials: (a) Thermal properties; (b) Mechanical property;
(c) Yielding stress
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Fig. 3 Mises stress distributions in longitudinal section of
Y-ring: (a) Welding residual stress; (b) Under internal pressure
with welding residual stress; (c) Under internal pressure

without welding residual stress
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Numerical simulation on Y-ring welding residual stress and
its effects on loading behavior of propellant tank
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Abstract: According to the Y-ring of a heavy lift launch vehicle tank, the welding residual stress (WRS) between Y-ring
and cylindrical shell was calculated by thermal-elastic-plastic finite element method. Then, stress distributions of the
Y-ring under internal pressure loading with and without considering WRS were calculated in order to investigate the
effect of WRS on loading behavior of the Y-ring structure. The results show that the WRS caused by the girth weld
between Y-ring and cylindrical shell is very high, and the maximum Mises stress reaching 358MPa is located in partially
melted zone. The WRS basically has little influence on stress distribution under loading in the region away from the joint,
but increases the stress in the joint significantly, and also enlarges a little the maximum stress of the Y-ring under loading.
In addition, the axial stresses at the inside surface generated by both the girth weld and internal pressure are tension stress,
therefore the axial tension stress is obviously enlarged by the combined action of WRS and internal pressure.
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