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Summary. The buckling behaviour of anisogrid composite lattice conical shells under axial
compression, transverse bending, pure bending, and torsion is investigated. The effects of
varying the lattice structure parameters on the buckling loads and behaviour of lattice shells
are examined using finite-element analyses.

1

INTRODUCTION

Conical anisogrid composite lattice shells made from carbon fibre reinforced plastic
(CFRP) are extensively used in various applications, such as rocket interstages and payload
adapters for spacecraft launchers (see Fig. 1) due to their high structural and mass efficiency
[1]. The lattice shells are composed of curvilinear helical and circumferential (hoop) filament
wound ribs made of a unidirectional composite material. They are capable of resisting the
intensive loadings exerted during the launch and injection into orbit phases. Since the
buckling is one of the foreseeable modes of failure in these cases, the buckling analyses have
been performed for the shells subjected to axial compression, transverse and pure bending,
and torsion.
2 MODELLING AND BUCKLING ANALYSIS
The modelling and buckling analyses were normally performed for composite cylindrical
lattice shells using either continuum models that employ various modifications of rib
smearing techniques [1] or finite-element methods [2]. Buckling of the conical lattice shells
subjected to axial load was analysed using finite-element technique by Hou and Gramoll [3].
The anisogrid structure was modelled as a frame assembled from straight segments of the ribs
neglecting their actual curved shape.
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Figure 1: Anisogrid composite lattice spacecraft adapter (Courtesy of ISS-Reshetnev Company)

In this work, the lattice conical shells are modelled as three-dimensional frame structures
composed of the curvilinear ribs subjected to tension-compression, bending and torsion.
Modelling and analyses have been carried out using COSMOS/M [4]. The automated model
generator was developed to simulate geometry of the naturally twisted helical ribs.

(b) Qcr = 165.6 kN

(a ) Pcr = 288.6 kN

(d ) Tcr = 134.9 kN ⋅ m

(c) M cr = 85.5 kN ⋅ m

Figure 2: Buckling modes: (a) compression; (b) transverse bending; (c) pure bending; (d) torsion

The buckling analyses have been performed for the conical shells subjected to axial
compression, transverse loading, pure bending and torsion. The shells have the diameters of
the bottom and top sections D = 1.6 m and d = 0.8 m , respectively, and height H = 0.6 m .
The ribs of a 5x5 mm square cross-section are made of CFRP having the modulus of
elasticity, E1 = 100 GPa . The number of helical ribs in one helical direction is 64 and the
helical angle at the bottom section φ = 15  . The buckling forms and corresponding critical
loads obtained from the finite-element analyses are shown in Fig. 2.
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