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NUMERICAL SOLUTION OF THE PROBLEM OF TRANSVERSE OSCILLATIONS
OF MOVABLE FLEXIBLE WORKING BODIES TRANSPORTING CONCENTRATED
LOADS

Flexible elastic elements, the oscillation model of which is a string, are found quite often in
engineering, machines and technological equipment. These are such structures and details as ropes,
cables, threads, tapes, chains, which are widely used in rope-lifting structures for the transport of
goods, in which a rope stretched between supports is used to move carts and wagons; in lifting and
transport machines of continuous action (conveyors, elevators, escalators); in devices of ground
and suspended transport (funiculars, cable cars). In most of the works devoted to this problem, the
study of dynamic processes in flexible working members is built on the basis of presenting the
solution of solvable equations in the form of one group of standing waves. Such presentation of
the solution does not allow to describe the full dynamic picture of transverse and longitudinal
oscillations of flexible working members over the entire range of changes in their movement
speeds, associated with the two-wave character of the processes occurring in such installations. If
at low speeds of movement the results obtained with a single-wave presentation of solutions are
suitable for solving technical problems, then with an increase in the speed of cargo flows, studies
conducted on the basis of such a presentation lead to significant errors, both qualitative and
quantitative.

Therefore, for the study of longitudinal and transverse vibrations of flexible traction bodies of
cargo-transporting devices with a moving mass load, methods of solving systems of solvable
equations are needed, which allow to more accurately describe the dynamic processes taking place
in them. The mathematical model describing the transverse and longitudinal oscillations of flexible
elastic threads under the influence of moving inertial loads has a more complex structure, in
contrast to the classical theory of oscillations, and contains partial mixed derivatives in time that
express the Coriolis inertia forces of the moving load. The presence of these derivatives does not
allow applying the classical scheme of separation of variables in the real domain of the sought
functions.

The separation of variables in a non-classical way, which is based on the choice of a solution
in the form of a special two-wave representation, allows to more accurately describe the dynamic
processes occurring in such structures, without which the correct design and safe operation of
lifting and transport installations is impossible. Numerous studies have been devoted to the study
of the dynamics of mechanical objects, such as a rope, string, beam, combined systems, individual
cases of plates and shells under the influence of a moving inertial load. In works in which the
solution of the equations of motion is built using the method of two-wave representation, systems
with a mass load uniformly distributed along the length are mainly considered.

The presence in the moving inertial load of uniformly distributed concentrated loads, their
number, differences in mass and location significantly affects the qualitative picture and
quantitative characteristics of the dynamic processes of the studied objects.

In the work, a numerical solution to the problem of transverse oscillations of mobile flexible
working members of installations transporting concentrated loads is constructed. When presenting
the solution of the differential equation of motion in the form of the sum of two groups of standing
waves describing their own and "accompanying” oscillations, a characteristic equation for
determining frequencies is obtained, which is solved by numerical methods.
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