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Ornithopter Longitudinal Flight Simulations
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ABSTRACT

Ornithopter is an engineering realization of nature’s flyers such as birds, bats, and insects. Most of present ornithopters have thin
membrane wings with patterned stiffeners like rigid vane of insect wing and electrical motors with mechanical linkages like bird’s
muscular-skeleton actuators. Especially, ornithopter wing has anisotropic wing-flexibility along the wing span and chord and the
wing flexibility plays important roles to generate desired aerodynamic forces. However, ornithopter developers have been designed
based on the flight experiences, trial-and-error approach, or statistically accumulated morphological data of nature’s flyers. Therefore,
we cannot systematically develop an ornithopter which is able to carry the extra payloads such as camera, chemical detection sensors
for typical military surveillance and reconnaissance missions. To overcome these problems efficiently, our research group
constructed an integrative simulation environment for flexible ornithopter wing design combining flexible multi-body dynamics, a
refined ornithopter aerodynamic model, and their mutual interactions. Because complex mutual interaction among wing deformation,
wing kinematics and unsteady aerodynamic loads, make those ornithopters barely flyable and controllable, we investigated on the
characteristics of flight dynamics of ornithopter by using the efficient integrative simulation tool. Moreover, we performed the
nonlinear flight simulations of longitudinal trimmed flight of a model ornithopter considering the fluid-structure interaction of main-

wing, and specified the relationships between flight speed, and main- and tail-wing kinematics of model ornithopter to trimmed flight

conditions.
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Flapping-wing Aerodynamic Model

Improved Semi-empirical Modified Strip Theory
for cruising flapping flight under AR>5, k<0.1, Re~0(10°)
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