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Abstract

The development of small autonomous flying vehicles is motivated by a need for intelligent reconnaissance robots, capable of discreetly penetrating confined spaces and maneuvering in them without the assistance of a human remote pilot.  Without pilot and only equipment on board, unmanned aerial vehicles may be much smaller then "normal" aircraft. This induces interest to the concept of micro air vehicles (MAV or (AV or micro-flyer) with wingspan of 15 cm or less. Such aircraft are considered to be efficient and inexpensive tools for collecting information in dangerous or hostile environments. For instance, equipped with a sensory device, such an aircraft could be used to detect the presence of poisonous gases in an environmental disaster area or if equipped with a camera, it could be used in a short endurance reconnaissance mission of interest to the military. In either case, the focus is on reducing the size of such aircraft as much as possible. 

The MAV is of comparable size of birds and insects. It stimulates interest of designing the flapping wing for MAV as an attractive alternative for fixed or rotating wing configurations. The current research on animal-like MAV resulted in the new term animalopter, describing similarity of MAV to real animal. An animalopter means the animal-like flying objects with moving wings. An animal (i.e. bird, bat or/and insect) wing is a multifunctional device providing lift, propulsion and flight control and performing complex motion relative to the “aircraft” body, which shows the analogy to helicopter rotor. 

animal technology should be beneficial for the later one and vice-versa. One integrated idea, of special interest to both disciplines, is the active flexible wing concept.  This concept represents a return to the Wright Brothers’ idea of wing warping or twisting by combining wing structures and flight controls to perform the desired maneuvers.

Whether cruising through an open field or circling garbage, flies impress us with their remarkable aerodynamic manoeuvrability. How this sophisticated flight control is achieved? Like all well-controlled locomotion systems, flies must rapidly integrate incoming sensory information and appropriately modify their motor output.  

It is well known that the dynamics of flapping wings MAV over the flight envelope is highly nonlinear. The nature of loads acting on the vehicle, in particular, aerodynamics - vary substantially over the angle of attack operating range (which may nowadays include post stall incidences). The control of this type of plant can be achieved adequately via a variety of approaches, provided that the parameters of the controller (the gains in particular) are scheduled with flight condition. The nonlinearity of the system makes it difficult to implement a strategy of interpolating between gains derived from a few choice trim points. This is because the plant and the controller interact such that it is not clear precisely what the closed loop trim points are in vide flight regions, because aerodynamic loads often become asymmetric and where inertial coupling is significant.

The primarily goal of this work is to developed the software simulation for flapping wings micro aerial vehicle. This simulator is an end-to-end tool composed from several modular blocks, which model: wings aerodynamics, the body motion, and control algorithms.
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