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APPLI CATION OF THE STABILIZATION METHOD FOR ANALYSIS
OF GEOMETRICALL Y NON-LI NEAR FORCED VIBRATIONS OF ELASTIC BEAMS
ON UNILATERAL WINKLER FOUNDATION

A.Bobylovand A. Zubko
Dnieproperovsk nationd university, Dnieproperovsk, Ukraine

The computationd model of geometricdly nonlinea elastic bean is frequently used for
andysis of dynamics of onedimensond distributed systems on unilateral elastic founddion. The
problems of forced vibrations of deformable solids unde unilateral condraints are nonlinea
problems with conditions expresed in the form of inegudities. Besides, in mog cases it is
necessry to take into acountthe disspaion of energy tha is caused byexternd viscousresistance

As arule, capabiliti es of andyticd methodsfor solving this type of problems are limited to
discrete systems with a small nunber of freedoms. Tha's why the principa role in solving forced
vibrations of deformable solids unde unilateral condraints bdongs to numericd methods A
stabili zetion method for computationd modding of geometricdly nondinea forced vibrations of
elastic beans on unilateral Winkler foundation is presented. This method was used ealier for
computationd modding of forced vibrations of viscodastic solids unde unilateral contad [1] and
geometricdly nondinea forced vibrationsof eastic beans withoutunilateral condraints [2].

It is well known, tha if damping is present in a system then initia conditions have
condderable effed on forced vibrations of the deformable solids only during a limited period of
time after which the system moves to a steady-motion state. Therefore, the main idea of this
approad is tha the T-periodicd solution of the origind problem can be foundas a solution of the
Cauchy problem when damping is present in the system. In this case initial conditions can be
chosn abitrarily.

Bean deformation is described by the Timoshenko model. It is proposd tha a value of
resistance forces is propotiond to velodty. Geometricdly nonlinea equaions of motion for
Timoshenko bean on unikteral Winkler founddion ae as follows
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where w is the transverse displacement; y is the ange of rotation of the norma relatively to the
axis of the bean; u is the longtudind displacement; M is the bending moment; Q is the shea
force N isthenoma force o isthemasspe unitof length; F istheareaof the crosssedion; J
is the moment of inertia of the crosssedion; q is T-periodic transversal distributed load; ¢ isthe
foundadion stiffness ¢ is the clearance beween the bean and the founddion; H([) is Hevyside

fundion; ¢ istheviscousdamping coefficient pe unit of length.
Theforces Q, N andthebendingmoment M arerelated to thedisplacenents w, u andthe

ange of rotation y by the conditutive relations
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where E is Younds modulus of the bean material; G is the sheaing modulus, k?=5/6 fora
redangular crosssedion.
For definitenessthe bounday conditionshave thefollowing form:

w0)=w(l)=0; M(0)=M(l)=0; u(0)=u(l)=0.
Througha standard variational procedure, we obtain the foll owing variational equation:
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where K isthe se of the kinematicaly admissble bean displacements.

This equation expressesthe principle of admissble displacanents for the elagic bean on
unilateral Winkler foundation and includesonly first spatial derivativesof the displacanents.

The finite diff erence method is used for time sami-disaetizaion of the variational equation.
The seond and the first time derivativesare approximated with three-point central diff erences As a
reault an explicit threelayer scheme is usel for numericd time integration. The minimizaion
problem which is equivalent to the obtained variational problem on ead time step is derived.

The finite element methodis used for the spatial disaetizaion of the minimization problem.
Two-noddl and threenoddl Lagrange finite elements are used.

A software padkage basal on the descaibed computational algorithm was developed.
Numericd solutions of a number of problems were obtained and convergence of the computational
algorithms wasinvedigated. The influence of foundition compliance on the solution behavior was
invedigated. Spedfics of amplitude-frequency dependencies of stressesand displacanents were
reseached. It is known that an amplitude-frequency dependency for the elagic beam is nat unique
due to geometricd norlineaity, i.e. afew valuesof the amplitude can corregpondto the one value
of the frequency nea a renance It is a diffi culty for numericd solving. In this study the
continuation method is used to derive the amplitude-frequency curves The frequency of forced
vibrations is chosen asa continuation parameter. The cdculation wasperformed in two stages On
the first stage the frequency of forced vibrations wasincrease in the range under invedigation. On
the semnd stage the frequency was deaeasé from the maximum to the minimum vaues The
solution for the previous value of the frequency wasused for theinitial condition.

Performed computational experiments confirmed effediveness of suggeged methods for
solving problems of geometricadly nontlinea forced vibrations of elagic beams on unilatera
Winkler foundition.
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