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Flexible and lightweight unmanned aerial vehicles (UAVs) have shown their widespread
applications in recent years and hence attracted so much attention of various aerospace
communities. Due to their high flexibility, the interactions of aerodynamic loading and structure
deformations are the dominant factor in their design process. Aerodynamic loading causes a
set of deformations in the structure which consequently alters aerodynamic coefficients. In the
current study, the effect of UAV flexibility on aerodynamic derivatives and lateral stability of the
vehicle was investigated and an efficient method is proposed to provide an accurate estimation
ofthe aerodynamic coefficients. This method isbased on fastaerodynamic calculations as well as
the modal formulation of elastic beams and is given for a full free-free airplane. Vehicle analysis
is conducted by using the Modal beam formulation (through finite element mode shapes) and
aerodynamic calculations based upon the 3D panel method (source-doublet combination).
The final aero-elastic coupled formulation for the whole system is also given in terms of matrix
operators. Verification studies are conducted for a special type of UAV and flexibility effects on
derivatives are evaluated in the two states. In a first evaluation, the lift load factor is altered
and after trimming the airplane, various aerodynamic derivatives are computed while in the
second evaluation, with varying the wingspan length, the aerodynamic derivatives are obtained
at each aspect ratio of the wing. Results show that flexibility can enhance some of the stability
derivatives of the UAV up to several times.
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