Influence of the rope sling system on dynamics of a carried load
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Abstract. The dynamics analysis of the mobile crane carrying a load hung on different rope sling systems is presented in the
paper. The considered mobile crane is modelled in the form of a tree structure of a main kinematic chain with auxiliary
subchains. The carried load is modelled in two variants as a cylinder hung on one, three and four ropes sling system; and as a
box is hung on one, two and four ropes sling system. Numerical results of the crane cycle input movement simulations for
these models are compared with the simulation results of the model in which the load is modelled as a lumped mass hanged
on a single rope.

Introduction

In most publications referring to dynamics of cranes,
a load is treated as a lumped mass hung on a single
rope. This simplification causes inaccuracy in
determining the trajectory and energy of the load
after finishing a cycle of crane input movement,
which are important due to the precision of load
positioning [1-4].

The model of the crane used in the dynamics analysis
is presented in Fig. 1. The proposed model consists
of: crane suspension subsystem &, supporting
structure ¢, (i.e. rotary column, two boom sections
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Figure 1: Model of the crane
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The crane input movement cycle is divided into five
phases, i.e. load lowering (f“)), crane rotation (
t“)), load telescoping (f)), load lifting (f'))
and load swinging.

The dynamics equations are formulated using the
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joint coordinates, homogeneous transformation phase-1 phase-2 phase-3 phase-4 phase-5

matrices and the Lagrange equations of the second  Figure 2: Kinetic energy integral mean value of the cylinder
order. and the lumped mass in phases of input movement
The proper simulations have been carried out and the 1

results have been compared with the results obtained 3.5 I

for lumped mass /, on the graph of the kinetic
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energy integral mean value (Figs 2 and 3).

The contribution of this work is to point out that the
application of a mathematical model of a crane with
a load in the form of a lumped mass may not reflect
the real dynamics of a crane.
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It is worth adding that the value of the kinetic energy O hase-1 phase-2 phase-9 phase-4 phase-5

of the load after 1npqt movement .cy'cle .ﬁnlshmg 1 Figure 3: Kinetic energy integral mean value of the box and the

often assumed as a criterion in optimisation tasks. lumped mass in phases of input movement
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