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UDC 621.87
SWINGING MODE OF THE BOOM CRANE OPTIMIZATION

Loveikin V., Romasevych Y., Kadykalo I.
National University of Life and Environmental Sciences of Ukraine

The work presents the method of solving the problem of elimination of load
oscillations on a flexible suspension during the swing of a boom crane with
simultaneous minimization of dynamic forces in the transmission mechanism. The
essence of the method consists in the optimization of the crane swinging mode
during transient processes (starting, braking). A complex integral dynamic
criterion has been chosen as the optimization criterion. It includes the root-mean-
square value of an elastic torque in the drive mechanism and the rate of its
changing. The chosen criterion reflects the unwanted features of the drive
mechanism of the crane boom system; therefore, its value has been minimized. As
the optimization criterion is an integral functional, the variations calculus methods
have been used to minimize it. The solution of the optimization problem is
represented in the discrete form.

The ME-PSO method has been used for that purpose. It helped to obtain the
minimum value of the optimization criterion and the discrete values of the
kinematic, force and power characteristics (Fig. 1-3) of the boom system in
compliance with the criterion’s mimimum.

The resultant optimal mode of the boom-system swing has made it possible
to eliminate load oscillations on a flexible suspension, as well as to minimize the
dynamic forces in the drive mechanism and metal structure of the crane. It has
improved crane performance in terms of reliability and energy efficiency.
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Fig.2. Dependences of torques changes

Fig.3. 3D phase picture

We can see from the graphical dependences of changes in the angle rate of
the revolving part and the load (Fig. 1) obtained after solving the optimization
problem using a complex dimensionless integral dynamic criterion, which takes
into account the relative root-mean-square value of the elastic torque in the drive
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mechanism and its rate, that the load speed within the pre-set 6-second interval is
accelerated to the rated value of 0.07 rad/s smoothly, without any oscillations in
the crane-load boom system as contrasted to the "natural" (uncontrolled)
characteristic. It allows achieving a considerable reduction in both the forces in the
pillar (Fig. 2) during the transient processes and the oscillations of the load (Fig.
3).
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