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Abstract- Flutter is a dangerous phenomenon encountered in 
flexible structures subjected to aerodynamic forces. Flutter 
occurs as a result of interactions between aerodynamics, 
stiffness and inertial forces on a structure. To prevent this 
instability, the interaction among these forces must be properly 
understood. Accordingly, a mathematical formulation for 
flutter analysis has developed form a simple wing model. The 
model has formulated to illustrate the dynamic characteristics 
of aeroelastic systems. For UAV the basic design parameters 
are considered. A computer code in MATLAB has developed 
for determining the critical flutter speeds and associated flutter 
frequencies. Then this method can be extended to the flutter 
analysis of the actual wing with control surface effects. 
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I. INTRODUCTION 
 
 Flutter is the dynamic instability where the structure 
extracts kinetic energy from air and this energy cannot be 
dissipated by structural damping. As a result of this the aircraft 
component vibrates with increasing amplitude. The excitations 
due to small disturbances create vibrations on the lifting 
surfaces (i.e. wing or tail) of the aircrafts. The energy is 
dissipated due the damping of the structure at low speeds and as 
a result of this energy dissipation the vibrations decay in time. 
At a critical speed, the oscillations can just maintain itself; a 
steady amplitude motion can be observed and the vibrations do 
not decay anymore. This critical speed is called the flutter 
speed. Above the flutter speed any small disturbance, even 
engine noise, creates oscillations increasing in time and leads to 
catastrophic failure. In flutter phenomenon, the structure gains 
energy from the flow. 
 

II. MATHEMATICAL FORMULATION 
 
Consider the three-dimensional aerofoil shown in 

figure 1 with the elastic axis positioned a distance ec aft of the 
aerodynamic centre and ab aft of the mid chord. 
 

 
Fig. 1: Airfoil configuration with and without the control 

surface (aileron) 
 
The governing equations of motion for the aeroelastic system 
has the following homogenous form [2]. 
 
A  + ( VB + D)  + ( V2C + E)q = 0  (1) 
 

Where A,B,C,D,E are the structural inertia, 
aerodynamic damping, aerodynamic stiffness, structural 
damping and structural stiffness matrices respectively and q are 
the coordinates (original/ generalized) defining degrees of 
freedom. Refer to Appendix A for detailed variable definitions 
associated with the aeroelastic model. The structural damping is 
assumed to be negligible ( D= 0 ) in the subsequent analysis. 
The system matrices (without the control surface) 
corresponding to (1) for this configuration, is obtained from 
equation 11.16 of [2] is as follow, 
 

A =  B =  

C =  E =   (2) 
 

III. NUMERICAL METHOD 
 

From Equation (2), we get by assuming that force as F 
cosωt. 
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Ik  + Ikө  + vcs2aw/4  + kk k + v2ecs2aw/4  = F 

     (3) 

Ikө  + Iө  – vec2s2aw/4  - vc3s/8  + [-ρv2 ec2 saw/2 + 

kθ] θ = F    (4) 
 

In order to use the MATLAB program ode23, the two 
coupled second-order differential equations, Equation (3),(4) 
are to be expressed as a system of coupled first-order 

differential equations. For this, we introduce new variables , 

,  and . 
 

 =  

 =  

 =  

=       (5) 
By substituting Equation (5) in (3),(4) the equation is 
transferred as follows 
 

=  
 = 1/ 

Ik

 

=      (6) 
= 1/ Iө [F Ikө  + vec2s2aw/4 + vc3s/8  - [-

ρv2 ec2 saw/2 + kθ] ] 
 

IV. RESULT 
 

These results have been generated from MAT code to 
the velocity 30m/s to 190m/s.  

 
Fig 2 Graphical Representation Of Time Response Of The 

Wing Model At V=30m/s 
 

 
Fig 3 Graphical Representation Of Time Response Of The 

Wing Model At V=60m/s 
 

 
Fig 4 Graphical Representation Of Time Response Of The 

Wing Model At V=90m/ 
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Fig 5 Graphical Representation Of Time Response Of The 

Wing Model At V=120m/s 
 

 
Fig 6 Graphical Representation Of Time Response Of The 

Wing Model At V=150m/s 
 
 
 
 
 

 
Fig 7 Graphical Representation Of Time Response Of The 

Wing Model At V=180m/s 
 

 
Fig 8 Graphical Representation Of Time Response Of The 

Wing Model At V=186m/s 
 

 
Fig 9 Graphical Representation Of Time Response Of The 

Wing Model At V=190m/ 
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V. DISCUSSION 
 
The graphs in previous section show the variation of 

amplitude with respect to time at different velocity. For the 
velocity 30m/s to 180m/s are shown in fig. 2 to 7 the response 
obtained is simple harmonic so that the UAV is stable. For the 
velocity above 180m/s the amplitude become more abrupt at 
some point of time are shown in fig 8 and 9. The UAV become 
unstable. The velocity 180 m/s is the critical speed of UAV 
above which the flutter occurs. The flutter speed obtained from 
the present analysis of UAV binary wing model matches with 
the experimental flutter speed in the literatures. The comparison 
shows the validity of present method for flutter analysis. 
 

VI. CONCLUSION 
 
In the present analysis of UAV wing, classical binary 

model was used. The wing was subjected to forced vibration 
flutter analysis by applying aerodynamics force. The flutter 
analysis of the two degree of freedom wing was performed. The 
present analysis gives a conservative value identified form 
MATLAB code. For the present wing shape and the parameter 
the flutter speed was determined as 180 m/s. The quasi-steady 
method can easily be extended to the control surface assembly. 
The flutter speed of different materials wing can be obtained by 
changing the mass matrix parameter so that it will be easy to 
select the best material for wing. 
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ANNEX A 

NOMENCLATURE AND VALUES USED FOR 
NUMERICAL ANALYSIS 

 


