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Abstract - In recent years the subject of flying vehicle propelled by flapping wings, also known as ornithopter, has been an 
area of interest because of its application to micro aerial vehicles (MAVs). These miniature vehicles seek to mimic small 
birds and insects to achieve unprecedented agility in flight. This renewed interest has raised a host of new problems in 
vehicle dynamics and control to explore.Ornithopters are robotic flight vehicles that employ flapping wings to generate lift 
and thrust forces. In order to study the control of flapping wing flight better, we will develop an ornithopter which will be 
capable of carrying a wireless camera. This report elaborates the essential aspects for the developmentof ornithopter and also 
describes mechanism of operation and the various applications of an ornithopter. 
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NOMENCLATURE 
 
AR  Wing Aspect Ratio 
b/2  Semi span length 
c  Aerofoil Chord 
h  Plunging Displacement of leading 
edge in flapping direction 
C′(k)  Theodorsen function 
Fx  Net chord wise force 
k  Reduced Frequency 
L  Lift 
N  Force normal to the wing’s chord 
P  Power 
T  Thrust 
U  Flight Speed 
V  Relative flow velocity at ¼ - chord 
location 
w0  downward velocity at ¾ - chord 
location 
y  Coordinate along the semi span 
α  Relative angle of attack at the ¾ - 
chord location due to the wing’s motion 
α′  Flow’s relative angle of attack at 
the ¾ - chord location 
α   Angle of section’s zero – lift line 
∅  Cycle Angle 
θ  Pitch angle of chord with respect to 
U 
θ   Pitch angle of flapping axis with 
respect to U 
θ   Mean Pitch angle of chord with 
respect to flapping axis 
ρ  Atmospheric Density 
ω  Flapping Frequency 
n  Propulsive Efficiency 
Subscripts 
in  Input 
out  Output 
sep  Separated Flow 
Superscripts 
−  Mean Value 
∙  Time Derivative 

I. INTRODUCTION 
 
An ornithopter is an aircraft that flies by flapping its 
wings, i.e. it can also be defined as an aircraft that 
derives its thrust and lift from the mechanism of 
flapping wings. Ornithopters imitate nature as no 
natural creatures have any rotating parts. 
 
The principle of operation of the ornithopter is same 
as the airplane; the forward motion through the air 
allows the wings to deflect air downward, producing 
lift. The flapping motion of the wings takes the place 
of rotating propeller. Engineers and researchers have 
experimented with wings that require carbon fiber, 
plywood, fabric, ribs, and the trailing edge to be stiff, 
strong, and for the mass to be as low as possible. 
Unlike airplanes and helicopters, the driving airfoils 
of the ornithopter have a flapping or oscillating 
motion, instead of rotary motion. As with helicopters, 
the wings usually have a combined function of 
providing both lift and thrust. Theoretically, the 
flapping wing can be set to zero angle of attack on the 
upstroke, so it passes easily through the air. Since 
typically the flapping airfoils produce both lift and 
thrust, drag – inducing structures are minimized. 
These two advantages potentially allow a high degree 
of efficiency. 
 
In propeller or jet driven aircraft, the propeller creates 
a relatively narrow stream of relatively fast moving 
air. The energy carried by the air is lost. The same 
amount of force can be produced by accelerating a 
larger mass of air to a smaller velocity, for example 
by using a larger propeller or adding a bypass fan to a 
jet engine. Use of flapping wings offers even larger 
displaced air mass, moved at lower velocity, thus 
improving efficiency. 
 
Some Practical Benefits of an ornithopter can be 
enlisted as follows: 

1. Flapping wings offer improved efficiency 
2. Better maneuverability 
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3. Reduced noise compared with the rotary – 
driven airplanes and helicopters 

4. Resemblance to a real bird enables its use 
for intelligence and surveillance 

 
II. ESSENTIAL PARTS OF AN 

ORNITHOPTER 
 

A. Gear Box 
In ornithopter, gear mechanisms are used in order to 
provide sufficient torque to flap the wings. A gear is a 
rotating machine part having cut teeth, which mesh 
with another toothed part in order to transmit torque. 
Two or more gears working in tandem are called a 
transmission and can produce a mechanical advantage 
through a gear ratio and thus may be considered a 
simple machine. Geared devices can change the 
speed, magnitude, and direction of a power source. 
The most common situation is for a gear to mesh with 
another gear; however a gear can also mesh a non-
rotating toothed part, called a rack, thereby producing 
translation instead of rotation. 
 
B. Main Body 

In general, the frame of the body of an ornithopter is 
made of Balsa Wood and Carbon. In order to 
minimize the weight of the ornithopter, Styrofoam is 
stuck in the gap of the body frame, maintaining 
appropriate sized gaps for placing micro controller 
board, battery, receiver and servos. A proper mount is 
attached in front of the body frame for the motor and 
gear box. 

 
C. Wing 

For an ornithopter to be effective, it should be 
capable to flap its wings to generate enough power to 
get off the ground and travel through the air. Efficient 
flapping of the wing is characterized by pitching 
angles, lagging plunging displacements by 
approximately 90 degrees. Flapping wings increase 
drag and are not as efficient as propeller-powered 
aircraft. To increase efficiency of the ornithopter, 
more power is required on the down stroke than on 
the upstroke. If the wings of the ornithopter are not 
flexible and flapped at the same angle while moving 
up and down, the ornithopter will act like a huge 
board moving in two dimensions, not producing lift 
or thrust. The flexibility and movability of the wings 
enable their twist and bend to the reactions of the 
ornithopter while in flight. 
 
D. Tail Wing 

In order to steer an ornithopter efficiently and 
perform turns easily, necessary condition is the 
stabilization of a free flight ornithopter, which 
depends on its tail. The tail of an ornithopter is 
generally a V – shaped tail with an angle of 120 
degrees. It is made of Balsa Wood or Carbon and 
Fiber or Plastic sheet is used to cover it. Two steppers 
or servos are mounted on the body frame to move the 

rudders attached to the tail, which are used to change 
the direction and pitch of the ornithopter.  
 
III. AERODYNAMIC ASPECTS OF AN 

ORNITHOPTER 
 
Lift is the force that utilizes the fluid continuity and 
Newton’s Laws to create a force perpendicular to the 
flow of fluid. Lift is opposed by weight as it is the 
force that pulls things towards the ground. Thrust is 
the force that moves things through the air while drag 
is the aerodynamic force that reduces speed. 
 
The wings of the ornithopter are attached to the body 
at slight angle, which is called the angle of attack; the 
downward stroke of the wing deflects air downward 
and backward, generating the lift and thrust. The 
surface of the wings is designed flexible which causes 
the wings to flex to required angle of attack in order 
to produce the forces essential for achieving flight. 
 
IV. FLIGHT MECHANISM OF 

ORNITHOPTER 
 
Ornithopters cannot take-off from the ground 
directly, thus support is essential for this purpose. To 
fly an Ornithopter, its motion is triggered by 
providing it support through our hands. For initiating 
the motion, the power supply for motor and servos is 
switched on and then the whole dynamics of the 
ornithopter is controlled by simulator. Directions or 
throttle is controlled appropriately for smooth and 
stable flight. Rudders kept in different ways to 
change the direction can be explained as follows: - 

1. If both the rudders are in upward direction then 
the Ornithopter deflects in downward 
direction. 

2. If both the rudders are in downward direction 
then the Ornithopter deflects in upward 
direction. 

3. If rightward rudder is in upward direction and 
leftward rudder is in downward direction then 
the ornithopter deflects in leftward direction. 

4. If rightward rudder is in downward direction 
and leftward rudder is in upward direction then 
the ornithopter deflects in rightward direction. 

 
V. THEORETICAL ANALYSIS 
 

 
Figure1. Wing Section Aerodynamic Forces and Motion 

Variables 
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The illustrated figure describes the kinematics for 
each section of the wing. The wing’s aspect ratio is 
assumed to be large enough that the flow over each 
section is essentially chord wise (in mean stream 
direction). Therefore, the section’s circulatory normal 
force is given by 
 
dN = ρ C (y)cdy    

 … (1) 
V is the flow’s relative velocity at ¼ - chord location, 
and 
 

C (y) = 2π α′ +  α + θ    
 … (2) 

The parameters in Equation (2) are illustrated in Fig. 
1, where it is seen that the angle of the zero lift 
line,α , is a fixed value for the aerofoil, and θ  is 
section mean pitch angle, further given by the sum: 
 
θ =  θ +  θ      

 … (3) 
whereθ is the angle of the flapping axis with respect 
to the mean stream velocity, U, and θ  is the mean 
angle of the chord with respect to the flapping axis. 
The remaining angle in Equation (2),α′, is given as 
 
α′ =

′( )
( ) α −     

 … (4) 
where is the relative angle of attack at the ¾ - chord 
location due to the wing’s motion: 
 

α =
̇ θ θ θ̇ θ θ

   
 … (5) 

The coefficient of α in Equation (4) accounts for the 
wing’s finite – span unsteady vortex wake by means 
of a strip theory model. 
 
An additional normal force contribution comes from 
apparent mass effect, which acts at the mid chord and 
is given by 
dN = ρπ v̇ dy     

 … (6) 
wherev̇ is the time rate of change of the mid chord 
normal velocity component due to the wing’s motion: 
 
v̇ = Uα̇− cθ̈     

 … (7) 
Therefore, the section’s total attached normal force is 
 
dN = dN +  dN     

 … (8) 
The equations for the segment’s instantaneous lift and 
thrust are given as 
 

dL = dN cos θ + dF sin θ   
 … (9) 

dT = dF cos θ −  dN sinθ   
 … (10) 

Integrating along the span to get the whole wing’s 
instantaneous lift and thrust: 

L(t) = 2∫ cosγdL    
 … (11) 

T(t) = 2∫ dT     
 … (12) 

whereγ(t) is the section’s dihedral angle at that 
instant in the flapping cycle. The wing’s average lift 
and thrust are obtained by integrating L(t) and T(t) 
over the cycle, i.e. performing integration with 
respect to cycle angle, ∅, instead of time, t, where 
 
∅ =  ωt      

 … (13) 
so that average lift and thrust are expressed as 
 
L = ∫ L(∅)d∅    

 … (14) 
T = ∫ T(∅)d∅    

 … (15) 
For separated flow, the expression for input power is 
given as 
dP =  dN ḣ cos θ− θ + cθ̇   

 … (16) 
The instantaneous aerodynamic power absorbed by 
the whole wing is given by 
 

P (t) = 2∫ dP     
 … (17) 

and the average input power, throughout the cycle, is 
given by 
 
P =

π
∫ P (∅)d∅π     

 … (18) 
The average output power from wing is 
 
P =  TU     

 … (19) 
The average propulsive efficiency can be estimated 
from 
n =       

 … (20) 
 
CONCLUSION 
 
Ornithopters have been a relatively obscure area of 
research in comparison to fixed wing aircraft and 
field of ornithopter design is sparsely populated. 
Much of the research done has been performed by 
hobbyists such as Sean Kinkade. In this report the 
case for the construction of a large scale ornithopter 
suitable for control systems research and surveillance 
application is motivated. Performance and weight 
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constraints imposed by the computers and sensors 
desired onboard make it difficult to work with the 
smaller platforms currently available, let alone micro 
UAVs currently in development. 
The ornithopter was designed from the ground up 
with the needs of research in mind. All components 
have been designed to be as lightweight and high 
performance as possible so as to maximize payload 
capacity and are intended to fail in predictable and 
repairable ways. Examples of this are the screw in 
wing spars and replaceable face plates. In addition to 
this all parts of the ornithopter are simple and 
inexpensive to fabricate and assemble. Manual and 
initial autonomous flight tests have been conducted 
and show that the ornithopter is capable of sustained 
flight with a full load of electronics and can be 
stabilized by simple controllers. At the base is the 
mechanical ornithopter system which has the main 
requirement of flying acceptably. Acceptable in this 
most preliminary case is to sustain weight of the 
sensors and computer. Branching out from this base 
requirement are several secondary requirements. 
Because this is a controls research platform it can be 
expected that the ornithopter will end most of its 
beginning stages, this makes crash survivability of 
great importance in addition to it being a reliable 

machine in less severe conditions. An emphasis is 
placed on designed points of failure to isolate damage 
to parts easily replaced in the field. In addition to this 
all of the systems need to be easy to tie into the 
computer controller. 
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