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This course of lectures addresses the dynamic behaviour of the complex engineering
structures such as vehicles, ships, airplanes, building, engines etc at high frequencies. The
dynamics of such structures in the high-frequency domain is characterized by a number of
specific features. First of all, it is a huge number of degrees of freedom which are needed
to be included into consideration if one would like to apply numerical simulation, e.g. finiteelement method. Another feature is that these structures are assembled from thousands
parts and each part has small variations in mechanical and geometrical properties, as well
as manufacturing and assembling. As a result, any complex engineering structure belongs
to class of the structures with uncertain parameters. Special approaches have already been
developed for such structures at high frequencies, in particular in the acoustic frequency
domain.

The content of the course is listed below with some short comments for each theme.
• Introduction.
Existing approaches for handling the engineering structures are discussed along
with their strong and weak sides.
• Dynamic properties of the complex engineering structures as a prerequisite of the
modeling
The typical properties of these structures are analysed. Among them, small
variations in mechanical and geometrical properties, as well as manufacturing and
assembling. Also, these structures are the so-called weakly coupled structures. Based
upon these observations, some appropriate mechanical model is suggested.
• Kinetic and potential energy of complex engineering structures. Work of external forces
The types of energies are required for applying the Hamilton variational principle.
The expressions are specially modified for engineering structures to catch their typical
properties.
• Derivation of dynamic equations for complex engineering structures in time domain
The Hamilton variational principle is applied to derive the equations for the
primary structure and substructures. The latter describe the dynamics of substructures
attached to the primary structure, e.g. various equipment, devices etc.
• Dynamic equations for complex engineering structures in frequency domain
The equations derived above for the time domain are transformed into the
frequency domain. It allows us to split the frequency domain into two ones: low frequencies
and high frequencies. Simple formula is derived for the frequency that separates these
domains. It is shown that at high frequencies the secondary systems act as a set of
dynamic absorbers for the primary structure. The secondary systems, among them some
sensitive electromechanical and/or mechatronic equipment, can be damages since they
absorb the energy at their eigenfrequencies,

• Harmonic vibration in complex engineering structures
This is an example which allows one to obtain simple equations, analyse the
unusual properties of high-frequency vibration in complex engineering structures and draw
the conclusions. It is shown that the derived equations are equally applicable for structures
under single frequency excitation, periodic and random external loading.
• Non-stationary vibration in complex engineering structures
Non-stationary loading is a special case of external loading. The analysis shows
that the acceleration is primarily dependent on the time rate of external loading rather than
the magnitude of the loading. Examples are provided.
• Local vibration in complex engineering structures
A number of examples are provided, namely, broad-band vibration of cover of
engine, instability of electrodynamic shaker etc.
• High-frequency dynamics of structures
A concept of a new dynamics, referred to as the high-frequency dynamics is
introduced. The borders of this dynamics are determined and the properties of structures at
high frequencies are indicated.
• Thermodynamic methods in high-frequency dynamics of structures. Vibrational
conductivity approach
It is shown that the approaches of thermodynamics are applicable for describing
the dynamic behaviour of structures at high frequencies, since, for example, the
temperature is a measure of high-frequency thermal vibrations. This analogy allows one to
apply the thermal conductivity equation for modeling high-frequency vibration of structures
by modifying it in a proper way and obtain the vibrational conductivity equation to this end.
The merits and shortcomings of new approach are discussed and a number of examples,
e.g. modeling a military jet crash on nuclear power plant, are provided.

