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A nonlinear integro-differentia! flutter equation of a thin airfoil placed in an incompressible 

flow is solved by two different methods. The first method involves the center-manifold reduction 

and gives the asymptotic limit cycle amplitude and frequency in terms of power series expan­

sions. The second method replaces the integro-differentia! equation by an approximate set of 
first-order ordinary differentia! equations which are solved by using bifurcation and continu­

ation software package. A comparison of these two methods shows that the domain of a good 

agreement between them varies significantly depending on the parameters of the problem. 

1. lNTRODUCTION

Self-excited flutter oscillations of nonlinear aircraft structure immersed in 
subsonic flow are governed by an integro-differential equation. This is due to the 
influence of the history of motion on unsteady aerodynamic forces and causes 
some difficulty, since the theory of integro-differential equations provides much 
less tools to solve that problem than that of ordinary differential equations. It is 
well known from the theory of dynamical systems [1] that the loss of stability of 
the steady solution, such as a horizontal flight of an aircraft, is described by the 
mechanism called the Hopf bifurcation. Asymptotically, self-excited oscillations 
tend to a limit cycle which is always two-dimensional. In [2] a new algorithm was 
presented for calculation of the limit cycle amplitude and frequency based on 
center-manifold reduction [1] with application to integro-differential equations. 
Some numerical examples were given in [3] and [4], compared mainly to the har­
monie balance method which is an approximate method itself. This paper tries 
to give more comparison in order to estimate applicability of the center-manifold 
reduction to aeroelastic systems. The most widely used approach for such a ca­
se is to perform a direct numerical integration, and then compare the results 


































