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Kinematic analysis of articulated flapping wings mechanisms considering
nonlinear quasi-steady aerodynamic
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, with the aim of calculating the Quasi-steady aerodynamic forces of articulated wing, a
Received 17 August 2017 kinematic mechanism model for flapping wings is presented. First of all, the Kempf patent is used for

Accepted 03 November 2017

Avaitable Online 01 December 2017 simulating this mechanism, due to its simplicity and proper simulating of the flapping motion of

articulated wings. This motion includes not-the-same-phase upstroke and downstroke motion of each
part of wing. The angular position, angular velocity, angular acceleration and forces applied to both

giﬁvsv,";‘f;dy Aerodynamic inner and outer part of the wing are analytically analyzed. Lifting line theory; that predicts the lift

Ornithopter, Articulated wing distribution of the three-dimensional wings based on the bounded vortex at the aerodynamic center, and

Lifting line theory is applied for single part wings of insects in the literature; is applied for articulated wings of birds, for

Mechanism the first time, in the present work. The average aerodynamic forces of articulated wing are obtained by
calculating downwash and bounded vortex at each wing section and integrating on the wing surface.
The results for an Ornithopter like 1kg gull with 5m/s of cruise speed indicate that both parts of the
wing provide the lift. In addition, the outer wing has the main role to produce the thrust against the inner
wing. The results show good agreement between the present work and the computational fluid dynamics
method.
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