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Abstract- Furthering our understanding of the physics of flapping flight has the potential to benefit the field of micro air 
vehicles. Advancements in micro air vehicles can benefit applications such as surveillance, reconnaissance, and search and 
rescue. In this research, flapping kinematics of a cambered wing is used with the introduction of graphene as a material. Also 
a method to dampen the vibrations is suggested. The mechanism has two wings, and could flap in harsh environments. The 
incorporation of the results of these studies will aid in the design of more efficient micro air vehicles and with the ultimate goal 
of leading to a better understanding of flapping wing aerodynamics and the development of aerodynamic models. 
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I. INTRODUCTION 
 
Unoccupied Air Vehicles (UAVs) have become 
pervasive in modern warfare by providing real-time 
intelligence, surveillance and reconnaissance (ISR) to 
the war-fighter without the limitations and massive 
logistics footprint of manned flight. Recently, Micro 
Air Vehicles (MAVs) have been proposed to provide a 
similar capability in a smaller package. MAVs are 
autonomous vehicles with a maximum dimension of 
15cm or less, weighing 90g or less. They can be easily 
carried by small combat units and flown in confined 
spaces such as urban canyons, caves and indoors. 
MAVs will provide an organic ISR capability to small 
combat teams in the field, reducing or eliminating 
their reliance on larger UAVs that are in high 
demand, and increasing the team’s autonomy. MAVs 
of many shapes and sizes have been proposed but most 
have either fixed wings, rotary wings or flapping 
wings. Flapping wing MAVs (FWMAVs) have 
several advantages over fixed and rotary wing 
vehicles. 
 
They capitalize on several unsteady aerodynamic 
effects that generate additional lift at the low Reynolds 
numbers (Re) experienced by vehicles of this size, they 
have superior manoeuvrability including the ability to 
hover, and they mimic biological flyers so they are less 
conspicuous to potential adversaries.  
 
II. RESEARCH CHALLENGES FOR 
FLAPPING WING MAV 
 
The design of flapping wing MAVs currently faces 
several significant challenges. Perhaps the most 
significant are:  
 
• Predicting the low Re and unsteady aerodynamics.  

• Designing for highly coupled fluid-structure 
interactions.  
• Micro-fabrication  
• Stability characterization and control of these 
challenges, the most critical may be the stability and 
control problem because it is the farthest from a 
solution.  
 
All of the other challenges listed have been overcome 
to some degree and detailed in the literature.   
 
III. FLAPPING WING MATERIAL 
 
Graphene is, basically, a single atomic layer of 
graphite; an abundant mineral which is an allotrope of 
carbon that is made up of very tightly bonded carbon 
atoms organised into a hexagonal lattice. The 
speciality is its sp2 hybridisation and very thin atomic 
thickness (of 0.345Nm).  
 
(a)  MECHANICAL STRENGTH: 
Graphene has inherent strength. Due to the strength of 
its 0.142 Nm-long carbon bonds, graphene is the 
strongest material discovered, with an ultimate tensile 
strength of 130 gigapascals. It is also very light at 
0.77milligrams per square metre. It is often said that a 
single sheet of graphene (being only 1 atom thick), 
sufficient in size enough to cover a whole football 
field, would weigh under 1 single gram. Graphene 
also contains elastic properties, being able to retain its 
initial size after strain.  
 
In 2007, Atomic force microscopic (AFM) tests were 
carried out on graphene sheets that were suspended 
over silicone dioxide cavities.  
Tests showed that graphene sheets (with thicknesses 
of between 2 and 8 Nm) had spring constants in the 
region of 1-5 N/m and a Young’s modulus of 0.5 TPa. 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,    Volume- 2, Issue- 6, June-2014 

 Developments In the Design of Flapping Wings 
 

50 

 
Source: www.tsunster.com 

 
(b) COMPOSITE MATERIAL: 
Graphene is strong, stiff and very light. Currently, 
aerospace engineers are incorporating carbon fibre 
into the production of aircraft as it is also very strong 
and light. Ultimately it is expected that graphene is 
utilized to create a material that can replace steel in 
the structure of aircraft, improving fuel efficiency, 
range and reducing weight. Due to its electrical 
conductivity, it could even be used to coat aircraft 
surface material to prevent electrical damage resulting 
from lightning strikes. Its coating could also be used to 
measure strain rate, notifying the pilot of any changes 
in the stress levels that the aircraft wings are under. 
These characteristics can also help in the development 
of high strength requirement applications such as 
body armour for military personnel and vehicles. 

 
(c) THERMAL PROPERTIES: 
The near-room temperature thermal conductivity of 
graphene was measured to be between (4.84±0.44) × 
103 to (5.30±0.48) × 103 W•m−1•K−1.  The isotopic 
composition, the ratio of 12C to 13C, has a significant 
impact on thermal conductivity, where isotopically 
pure 12C graphene has higher conductivity than either 
a 50:50 isotope ratio or the naturally occurring 99:1 
ratio. As per the Wiedemann–Franz law, that the 
thermal conduction is phonon-dominated. Potential 
for this high conductivity can be seen by considering 
graphite, a 3D version of graphene that has basal 
plane thermal conductivity of over a 1000 W•m−1•K−1. 
In graphite, the c-axis (out of plane) thermal 
conductivity is over a factor of ~100 smaller due to the 
weak binding forces between basal planes and the 
larger lattice spacing.  

 
(d) REDUCTION OF VIBRATIONS: 
Despite its 2-D nature, graphene has 3 acoustic 
phonon modes. The two in-plane modes have a linear 
dispersion relation, whereas the out of plane mode has 
a quadratic dispersion relation. Due to this, the T2 
dependent thermal conductivity contribution of the 
linear modes is dominated at low temperatures by the 
T1.5 contribution of the out of plane mode. Some 
graphene phonon bands display negative Grüneisen 
parameters’ dominance even at low temperatures and 
thermal expansion coefficient (which is directly 

proportional to Grüneisen parameters) negative. The 
lowest negative Grüneisen parameters correspond to 
the lowest transversal acoustic out of plane modes. 
Phonon frequencies for such modes increase with the 
in-plane lattice parameter since atoms in the layer 
upon stretching will be less free to move in the z 
direction. This is similar to the behaviour of a string, 
which, when it is stretched, will have vibrations of 
smaller amplitude and higher frequency. This 
phenomenon, named "membrane effect". Thus will 
reduce vibration amplitudes in wings of flapping wing 
mechanism (FWM). 
 

 
Source: wikipedia 

 
(e) CAMBERED FLAPPING WING 
Camber is usually designed into an aerofoil to increase 
the maximum lift coefficient. This minimizes the 
stalling speed of aircraft using the aerofoil. Aircraft 
with wings based on cambered aerofoils usually have 
lower stalling speeds than similar aircraft with wings 
based on symmetric aerofoils. 
 
The airfoil was formed by connecting a segment of 
parabola to a straight line. The lines are tangent at the 
connecting point (F. The maximum height of the 
airfoil, h, is located at the quarter-chord point from the 
leading edge. The camber is expressed as percentages 
of the ratio h/c, where c is a chord length. The camber 
was introduced into the wing structure by shaping the 
metal ribs.   
 
In terms of effects of camber on the lift, it appears that 
the cambered wings show behaviour similar to that 
observed in fixed wings. With the amount of camber 
increased, lift curves move upward and the lift 
increase is higher for higher camber (i.e., lift increase 
is higher with camber changing from 6% to 9% than 
with camber changing from 0 to 6%). It appeared for 
all analysed wings that as the angle of attack 
increases, the lift increases and after reaching maxima 
at 60, it decreases, when the angle of attack 
approaches 90. It was noticed in that flapping wings 
do not exhibit the typical, abrupt stall seen in fixed 
wings. 
 
Similar to fixed wings, as the free stream velocity 
increase, the magnitude of the thrust force decreases. 
The drag increase is more significant for relatively 
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high angles of attack. Overall, introduction of camber 
in flapping wings improves their aerodynamic 
performance. It is hypothesized that the introduction 
of cambered airfoil in membrane flapping wings 
provides aerodynamic enhancements through an 
increase of bending and torsional stiffness of the wing 
structure and/or through passive adaptation of wing 
surface during stroke reversal. 
 
With the amount of camber on the wing increase the 
lift increase is higher for higher camber. As the free 
stream velocity increases, the magnitude of the thrust 
forces decreases, while the drag increases 
significantly, especially for higher angles of attack. 
Magnitudes of pitching moment are negative and very 
small for small angles of attack, but flapping wings 
exhibit large positive pitching moment in the high 
angles of attack range.   
 

 
Source: google images 

 
(f)  VIBRATION DAMPENING 
Because of the reciprocating movement of the wings, 
ornithopters suffer from harmonic vibration. The 
power input and resulting differential moments result 
in vibratory accelerations in the vertical plane. These 
vibrations are translated to the fuselage and payload 
unless damped out or reduced in some manner. The 
cockpit or payload compartment is mounted on the 
fuselage through an articulating joint. Extending the 
cockpit from the fuselage acts as passive dampening of 
the vertical vibrations by moving a mass further from 
the centre of gravity to increase the inertia of the 
vehicle. The joint has movement in the pitch and yaw 
axes of the ornithopters. The movement in the pitch 
axis serves to passively and actively dampen the 
vibratory oscillations inherent in the ornithopters as a 
reaction to the flapping of the wings. The cockpit or 
payload compartment moves vertically parallel to the 
front of the fuselage by a pair of wishbone shaped 
pivot arms. The wishbone maintains approximate 
equal space between the cockpit and the fuselage. A 
tubular member is vertically attached to the rear of the 
cockpit.  
The apexes of the wishbones have pins attached to the 
tubular member so as to move in opposite response to 
the vibrations caused by the power stroke and flapping 
wings. The opposite ends of the wishbone are pivotally 
attached to the fuselage wall to absorb some of the 

vertical forces on the wishbone. The tubular member 
and the aperture also function in the flight control 
system, to permit the cockpit to pivot in the yaw axis. 
Of course, this installation could be reversed, with the 
opposite ends of the wishbone connected to the cockpit 
and the apex connected to the fuselage. Further, the 
bar could be replaced with a channel and the wishbone 
apex could have a pivoting shuttle sliding in the 
channel. To further smooth and absorb the vibratory 
motion of the cockpit, a spring and shock absorber are 
mounted between the cockpit and fuselage. The ends 
of the spring and shock absorber are attached to the 
fuselage and cockpit by a pin and bushing to provide 
more flexibility. A more sophisticated system (not 
shown) can include accelerometers input computer 
controlled to operate the movement of the wishbone 
and spring mechanism or a hydraulic or electrical 
powered vibration dampening system. 
 
(g) SUGGESTED SOLUTIONS: 
 Incorporating Graphene as a substitute in 

fabrication of wings. 
 Introduction of camber into the flapping wing 

airfoil. 
 Infusing the wishbone structure into the flapping 

mechanism. 
 
CONCLUSION 
 
Upon research from various resources we have come 
up with the above mentioned methods to improve the 
overall efficiency and expanding the footprint of 
FWMAV’s in ISR. As stated in the abstract we 
presented the worthiness of Graphene as a substitute to 
the current materials such Vinyl sheets being used in 
the wings of a FWMAV’s, to help them sustain harsh 
environments, thus enhancing their potential in the 
field of ISR. Also the introduction of cambered 
flapping wing structure has been discussed in detail 
and their potential to improve the lift capabilities of 
the FWMAV has been discussed. To improve the 
operational efficiency by reducing the noise/ 
vibrations produced, we introduced the wishbone 
mechanism, thereby reducing the power consumption 
and maintaining structural integrity of the FWMAV. 
For further clarity the list has been included.   
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