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Automation System and Dynamic Stiffness Evaluation of
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Abstract: The purpose of this study is to present an integrated simulation model for small cranes based
on a multiphysics coupling approach that combines an electrohydraulic control circuit model, rigid body
dynamics model and a flexible-rigid multibody dynamics model. The proposed model is able to evaluate
the dynamic response characteristics of the intelligent hydraulic automation system operation according to
the on/off signals of the electrical control and predict the dynamic stiffness of each link member during
crane operation. Therefore, this simulation approach is expected to significantly reduce development costs
and time by minimizing physical prototyping in the development of new products for small cranes.

Key Words : Integrated simulation model, Intelligent hydro-pneumatic automation system, Coupling analysis,

Control circuit model, Flexible-rigid multibody analysis
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Fig. 1 Schematic of integrated simulation model
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Fig. 2 Schematic of integrated simulation model

Table 1 Simulation parameters of hydraulic system

Volumetric displacement 15 cm®
Maximum pressure 6 MPa
Pump -
Pressure relief valve 5 MPa
Angular velocity of motor |1800 rpm
Piston diameter 80 mm
Piston rod diameter 35 mm
. Piston stroke 480 mm
Cylinder - — -
Viscous friction coefficient | 100 Ns/m
Slip friction force 0N
Coulomb friction force 0N

Mi—Ky1—Fe—F,—F, =P, A —PA, (3)
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Fig. 3 Dynamics models of small crane
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Table 2 Masses and materials of each part
Part name Weight [kg] Material
Body 105.54 GCD450
Boom 16.92 GCD450
Extension boom | 9.48 GCD450
Cylinder assy 25.79 STEEL
Total 157.73

Table 3 Material properties of small crane

Material Elastic modulus Poisson’s ratio
GCD450 163 GPa 0.3
Steel 200 GPa 0.29
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Fig. 4 Response characteristics of hydraulic system

by control of electric signal
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Fig. 5 Reaction forces of RJ(1) and RJ(2)
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dynamics and flexible-rigid dynamics analyses
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Fig. 7 Maximum equivalent stress occurring during

operation of small crane

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
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Fig. 8 Equivalent stress contour of small crane at
11.4 sec
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