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Evaluation of Rope Lateral Vibration based on 1-DOF Elevator Model
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An elevator car is suspended by ropes to move vertically along the elevator shaft. When the car stops at a specific
floor in the building, the car might receive a large rope sway due to an enforced motion of the building during a strong
wind or a big earthquake. Several modelings of the elevator rope sway have been proposed. One derives a difference
equation against the wave propagation equation of the string vibration to evaluate the resonance behavior of the elevator
suspension rope. As another modeling, simplified equations of rope motion are derived against the horizontal and vertical
direction. Each equation is expressed as 1-DOF model and the both vibration modes are coupled with each other. In
this paper, the simplified 1-DOF model is compared with the difference equation, especially for the nonlinear resonance
behavior. As the resonance behavior of the rope sway is influenced by several physical parameters, effects of the rope

length, rope linear density and car weight are evaluated.
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Fig. 1 Rope string vibration model Fig. 2 Rope vibration model of two parameters
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Table |  Simulation parameters (* refered to paper(”)

Enforced input yp  [mm] | 2, 10,20, 100, 200
Rope length L [m] 20, 40, 60, 80

Rope linear density p [kg/m] 0.494
Car weight M kel 200
Lateral damping ratio  §,  [%] 0.2
Vertical damping ratio  §,  [%] 1.0

Rope Young’s modulus* E  [GPa] 51.45
Rope cross section area™ A [mm?] 52.1
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Fig. 3 Influence of rope length and building enforced motion (Left: difference equation, Right: 1-dof model)
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Fig. 4 Magnitude of rope sway against equivalent input (Left: difference equation, Right: 1-dof model)
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Fig. 5 Influence of car mass (1-dof model, L = 40m)
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Fig. 6 Influence of rope linear density (1-dof model, L = 40m)
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