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ABSTRACT

This paper derives numerically new buckling Knockdown factors for the lightweight design
of the composite propellant tanks for space launch vehicles. A nonlinear finite element analysis
code, ABAQUS, is used for the present postbuckling analysis of composite cylinders under
compressive loads. Various thickness ratios (R/t) and slenderness ratios (L/R) are considered
and Single Perturbation Load Approach is applied to represent the geometric initial
imperfection of the composite cylinder. For the composite cylinder with thickness ratio of 500
and slenderness ratio of 2.04, the buckling Knockdown factor derived in this work is higher by
84.38% than NASA’s previous buckling design criteria. Therefore, it is investigated that a
lightweight design is possible when the present Knockdown factors are used for the design of
composite propellant tanks. In addition, it is shown that global buckling loads and buckling
Knockdown factors decrease as the thickness ratio or slenderness ratio of composite cylinders
increases.
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Fig. 2. Z07 composite cylinder [15]
Table 1. Properties of the Z07 composite cylinder [15]

Property Value
Radius, R [m] 0.25
Length, L [m] 0.51
Thickness, t [m] 0.0005
Ply thickness, tuy [m] 0.000125
Poisson’s ratio, vt 0.271
Elastic modulus, E. [MPal] 125,774
Elastic modulus, Et [MPal] 10,030
Shear modulus, Gir [MPa] 5,555
Lay-up condition [deg] [+24/-24/+41/-41]
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Table 2. Properties of the composite cylinders
with various thickness ratios and
slenderness ratios

Lay-up condition [+24/~240/+41 /=41,
Thickness ratio, R/t 125 250 500
Thickness, t [m] 0.002 0.001 | 0.0005
Number of plies, n 4 2 1
Slenderness ratio, L/R 1 2.04 3
Length, L [m] 0.25 0.51 0.75
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