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Relationship Between Structural Parameters and Instability
Mode of Ring-stiffened Cylindrical Shell
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ABSTRACT: The work aims to explore the relationship between the structural parameters and instability mode of the
ring-stiffened cylindrical shell and reveal the inherent connection among the various structural parameters of the cylindrical
shell, the critical instability pressure and the instability modes. The classic ring-stiffened cylindrical shell structure was taken as
the research object and a certain experimental ring-stiffened cylindrical shell was selected as the master version. A single struc-
tural parameter was chosen as the variable, and the finite element buckling analysis was carried out through theoretical simpli-
fied formulas and the arc-length method of the finite element. The effects of various parameters, including the shell plate thick-
ness, rib web height, rib spacing, and cylindrical shell length, on the instability mode of the cylindrical shell were examined. The
results of the theoretical method and the finite element method were compared, and the effect laws of different structural pa-
rameters on the instability of the ring-stiffened cylindrical shell structure were obtained. The critical instability pressure of cy-
lindrical shell rises as the shell plate thickness increases, the web height grows, and the rib spacing decreases. The relationship
with the length of cylindrical shell is not obvious, but there is an abnormal phenomenon at the critical stage where the instability
mode changes.
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Fig.1 Ring-stiffened cylindrical shell structure:
a) 3D model; b) 2D model
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Tab.1 Parameters of ring-stiffened cylindrical shell
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Fig.2 Experimental result: a) failure mode; b) pressure-strain curves
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Tab.3 Calculation results of structural stability of master cy-
lindrical shell
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Fig.3 Simulation results of ring-stiffened cylindrical shell: a) buckling mode; b) pressure-displacement curve
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Fig.4 Buckling images of structures with different shell thicknesses



- 82 - g HE TR

2025 42 A

x4 TEAEHEEERBRESR
Tab.4 Relationship between different shell thicknesses and instability
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Fig.5 Buckling images of structures with different web heights
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Tab.5 Relationship between different web heights and instability
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Tab.6 Relationship between different spacing of rib and instability at 7=10.4 mm
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Fig.7 Buckling images of structures with different spacing of rib at /=20 mm
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Tab.7 Relationship between different spacing of rib and instability =20 mm
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Fig.8 Buckling images of structures with different length of cylindrical shell
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