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Abstract

An ornithopter (from Greek ornithos “bird” & pteron “wing”) is an aerial vehicle that flies by flapping its wings, i.e. it can also
be defined as an aircraft that produces its thrust & lift by virtue of flapping wings. In other words, an ornithopter seeks to imitate
flapping wing flight of insects, birds, bats & other flying creatures. The principle of operation of an ornithopter is the same as an
airplane; forward motion through the air lets the wings to deflect air in the downward direction, producing lift but the flapping
motion of the wings takes the place of a rotating propeller. On the contrary, the aerofoils of an ornithopter have a flapping or
oscillating motion, instead of a rotary motion as airplanes & helicopters employ. The wings of an ornithopter have a combined
function of providing both lift & thrust.
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I. INTRODUCTION

Lately, the subject of flying vehicles propelled by flapping wings, i.e. ornithopters, has been an area of interest to researchers &
engineers alike because of its application to Micro-Air Vehicles (MAVs) for surveillance & defense purposes. These miniature
vehicles mimic birds & insects to achieve never before seen agility in flight. However, this unconventional method of propulsion
also raises new problems in vehicle dynamics & control. The ornithopter is powered by a brushless motor, couples with a
lightweight custom-made high ratio gearbox, the output of which is connected to a crank which actuates the wings whose hinges
are outboard from the main body. Flapping rate/frequency is controlled by varying the motor speed with an Electronic Speed
Controller (ESC), which in turn is controlled by the RC receiver. The tail is used to provide direction to the ornithopter & is
actuated by 2 servos in an inverted V-tail setup. All the electronics are powered by a 3-cell lithium polymer battery & controlled
from the RC transmitter by the operator. Some typical ornithopters are shown below.

Fig. 1: Omithopter designed by MIT’s Robot Locomotion Group

Fig. 2: Dual-winged Ornithopter Fig. 3: Vamp-bot
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I1. ELECTRICAL SCHEMATIC
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Fig. 4: Electrical Schematic

A.  Component Description

11 Motor-

The entire ornithopter is built around the motor. Major factors for proper selection are kV, size & power rating. The kV of the
motor is the rpm at which it’ll spin per volt. The lower the kV, the stronger the motor & as a result, only a lower gear ration is
needed. Size is designated by a 4-digit number. The motor shouldn’t be over-powered as it adds momentum in crashes. Lastly,
the motor must be powerful enough to satisfy the needs of the ornithopter.

7)1 Battery-

The battery must have a good power-to-weight ratio & should be able to discharge a large amount of current fairly quickly.
Large batteries weigh a lot & not only decrease the thrust-to-weight ratio but also increase the minimum flapping frequency of
the ornithopter. Number of cells in the battery is also important as there are limits to this parameter on both the motor & ESC,
which is clearly listed in their manuals.

JJESC-

ESC controls the speed of the motor as per the signal given from the RC receiver. The ESC must match the motor. The ESC is
rated for the maximum amperage draw of the motor at full load. This part, however, can be over-rated as it just adds safety to the
ornithopter.

4) Transmitter & Receiver-

This system is responsible for relaying the commands given by the operator through the transmitter to the receiver via a
frequency band. It’s the central & most fundamental component of the whole RC ornithopter, because it crashes if signal is lost.
3 channels are plenty for the ornithopter to operate.

%1Servo motors-

These small motors have very limited but extremely accurate range of motion. They can be precision controlled & have variable
movement. One servo is needed for every control surface. Servos will move control rods which are connected to control horns on
the control surfaces.

111. NUMERICAL ANALYSIS OF FLAPPING WING

—  p=density of air

—  ¢=transport property

— TI'=diffusive term

—  sy=rate of increase property due to source term
—  p=pressure
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11 Generic transport equation

2D ¢ div(pgv)=div(T gradg)+so 1)
21 Conservation of Mass

%+V.(p7):0 @)
JJEnergy equation

po+ p(V.V)=V. (kVT) + ¢ 3)
4 Momentum equation

pz—\t’=pg—Vp+V.rij (4)

& Turbulence Model

Turbulence model is used for computing or capturing eddies which are generated during the wing motion. K-Omega turbulence
model is used to capture eddies near the wall of wing. NACAQ0012 airfoil coordinates are used for the wing cross section. The
main advantage of this model is that it captures most of the activities near the wall which gives more precise results of how the
wing will generate lift and drag. Another advantage of this model is its stability and good convergence criterion.

. Meshing

Meshing is the main step while performing the numerical analysis. The accuracy of the result will depend on the meshing. Two
zones are created; one zone which is frozen and another rotating frame region in which moving mesh is considered. The
refinement of mesh is increased near the airfoil wall boundary which helps in giving better results near the wall boundary.

Fig. 5: 2D Face Meshing with Refinement in Rotating Zone

£, Results Obtained after Computation:
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Fig. 6: Velocity Contour in Upward Motion

All rights reserved by www.ijste.org 471



Ornithopter with Articulated Wings
(1JSTE/ Volume 3/ Issue 10 / 082)

Fig. 7: Pressure Contour in Upward Motion
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Fig. 8: Velocity Contour in Downward Motion
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Fig. 9: Pressure Contour in Downward Motion
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Fig. 10: Turbulence Kinetic Energy during Upstroke

Fig. 11: Turbulence Kinetic Energy during down stroke

The above analysis is performed in the ANSYS and some results are generated as shown above in first figure we can the
velocity contour in which the upcoming velocity is 5m/s (our wings forward speed). The next figure shows the pressure contour
which helps us to understand the lift force which our wing can create while upward motion similarly next two figures shows
same phenomenon in downward motion.

£. Boundary condition

— Inlet velocity =5m/s
—  Pressure outlet= 1atm
—  Wall of airfoil = No slip

IV. ADVANTAGES OF ORNITHOPTERS OVER CONVENTIONAL AIRCRAFT

1) Bird-like appearance renders it very useful for surveillance & defense purposes which require the aircraft to blend into its
surroundings.

2) As the wings reciprocate at a low frequency hence blade losses are minimized & no shock waves are produced as is the case
with conventional aircraft.

3) 1It’s a highly efficient machine hence longer flight time on a smaller battery.

4) Extremely lightweight, hence easy to transport.

V. DISADVANTAGES OF ORNITHOPTERS OVER CONVENTIONAL AIRCRAFT

1) Large wing span is needed for the ornithopter to generate enough thrust for propulsion.
2) The ornithopter has low weight carrying capacity.
3) The ornithopter can be easily destabilized by strong winds unless sophisticated electronics are used.
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