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Dynamic stability analysis of a scaled flying wing model under different loads
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Abstract: Solar-powered unmanned aerial vehicles typically employ lightweight and highly flexible wings. After be-
ing loaded, the structures are prone to significant deformations, which cause changes in the aerodynamic character-
istics of the aircraft. A scaled—down model is designed based on the Helios UAV as the prototype. The bending de-
formation characteristics of the scaled—down model under different overloads are analyzed by a loosely coupled stat-
ic aeroelastic analysis, which integrates the vortex lattice method and nonlinear finite element method. Taking the
proportion coefficient of the wingtip deformation relative to the half-span length as the control parameter, the varia-
tion trend of the moment of inertia of the scaled model under different deformations is analyzed. The aerodynamic
derivatives before and after deformation are determined by the vortex—lattice method. The flight dynamic stability
analyses are conducted for the scale models under various deformation states based on the linearized small-distur-
bance theory. The results show that, as the relative deformation of the wingtip gradually increases, the longitudinal
static stability of the designed highly flexible flying wing scale model gradually enhances, the stability of phugoid
and short-period modes deteriorates, and the lateral motion stability also degrades.
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Table 3 Variation of non-dimensional stability derivatives
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Table 4 Eigenvalues of flight dynamic modes for various deformed configurations
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