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Abstract:
The goal of the present work is to develop a theoretical model allowing analytical and numerical study of bimaterials beams subjected to dynamic mechanical and thermal loads. The model is based on geometrically nonlinear version of the Timoshenko beam theory. The extended equations of motions of vibrating beams at elevated
temperature are studied analytically by the harmonic balance method and resonance curves for different parameters of the mechanical and thermal loading are obtained. The coupled vibrations of the beam are studied by using
3D finite element analysis.

1. Introduction
Being used in so many technological areas, the bi-material beams are often subjected to mechanical
and thermal loading. In many cases such loads lead to large, geometrically nonlinear vibrations. The
problems of thermoelastic vibrations of structures are studied by many authors. Nonlinear dynamics
of composite plate have been studied in [1], suggesting a temperature distribution along the plate
thickness. In [2] thermo-mechanical, geometrically nonlinear vibrations of plates are studied. The
authors found very reach nonlinear dynamic behaviour of the system Uncoupled and coupled vibrations of bi-material beams were recently studied by numerical approaches in [3].
In the present work the dynamic behaviour of a bi-material beam subjected to harmonic forces and
thermal loading (elevated temperature or heat flux acting on the beam surface) is analysed by using
numerical and analytical approaches.

2. Problem formulation and research methods
Nonlinear thermoelastic vibrations of a clamped-clamped Timoshenko beam are studied in the paper. The mathematical model of the beam is derived taking into account geometric nonlinearities.
Using the classical dynamic equilibrium method, the differential equations of motion of the bimaterial Timoshenko beam are defined. The problem is studied using two different approaches. In the
first approach a three-dimensional finite element model of the beam is created using the commercial
software ANSYS. The nonlinear vibrations of a heated beam, as well as the vibration of the beams
subjected to heat flux are analysed. It is shown that the increased temperature has a significant impact
on the beam's reaction and it can cause the beam to oscillate in a complex way (see Fig.1).

The second approach is based on a reduced model of the beam dynamics. The Galerkin approach
is used to transform the nonlinear partial differential equations into ordinary differential equations.
Then the harmonic balance method (HBM) is applied to the reduced model, taking into account the
first vibration mode. By this method the reduced nonlinear one-degree of freedom model with cubic
non-linearity and temperature influence is studied analytically. By the HBM the resonance curves are
determined from the analytically obtained modulation equations and the stability analysis is done.

Fig. 1. Time history of the beam centre subjected to uniformly distributed load harmonic load p=p0sin(ωet) with
p0=105 kPa and ωe= 160.78 Hz. obtained by 3D FE model . Blue line – ΔT=0, red line – ΔT=50

3. Conclusions
The paper investigates the bi-material beam model resulting from the extended nonlinear Timoshenko beam theory. The dynamic behavior of a geometrically nonlinear Timoshenko beam model
under the combined action of mechanical and thermal load, studied by two different approaches
shows a good agreement. It has been shown that the increase of thermal loading also for low mechaical excitations may lead to system’s complex dynamics.
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