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The paper deals with the application of the differential quadrature method based on a piecewise polynomial 
to the nonlinear vibration analysis of beams. The initial-boundary-value problem is solved to study the 
computational stability of the method. The results are compared with those, obtained by the conventional 
differential quadrature. The effects of the spline degree, the number of nodes and the distribution of 
sampling points on the convergence and stability is also presented. The nonlinear free vibration analysis 
is carried out to verify the accuracy of the method. 

1. INTRODUCTION 

In recent years, a significant development of methods based on the differential quadrature (DQ) has 
taken place. It is a result of high efficiency and high accuracy provided by these methods and their 
simple formulations. A lot of papers, concerning some applications of the DQ methods to various 
mechanical problems have appeared [3]. Some modifications of the DQ methods are still introduced 
in order to improve their accuracy and computational stability. 

The DQ methods are some special types of the finite difference method. They belong to so-called 
global numerical techniques. In one-dimensional case, they are equivalent to the finite difference 
method of the highest order of accuracy. Using high order approximation, they take into account 
not only the nearest neighborhood of a sampling point to approximate the solution at this point 
but all computational domain. It makes these methods very efficient, particularly for nonlinear 
problems, where the interaction of the function values far from each other in entire domain can be 
much stronger then for linear problems. 

Higher efficiency of the DQ methods then the finite element and the finite difference method was 
shown in [1, 2, 4, 8, 15]. A great advantage of the DQ methods in comparison with other global 
techniques (i.e. Rayleigh- Ritz, Galerkin) is that the trial functions do not need to satisfy boundary 
conditions for the problems considered and the DQ methods require much less formulation effort. 

Very important feature that conditions the use of a method in engineering problems is its com
putational stability. In most problems of computational mechanics, the only way to estimate the 
accuracy of results is to carry out the computation again using larger number of nodes. The con
ventional DQ method is very sensitive to the number of sampling points. When this number is too 
large the method shows instability. It is because the wanted solution of a differential equation is 
approximated by the interpolation polynomial. It is well known that the degree of this polynomial 
depends on the number of discrete points and the interpolation polynomial of a high degree is sub
jected to unfavorable oscillations near the boundaries. The use of the special type of the mesh with 
points concentrated near the boundaries is not a panacea. Under these circumstances the established 
approximation leads to great inaccuracy. It significantly limits possibilities of the application of the 


























