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Numerical Calculation Method of Elevator Rope Sway and Investigation of Displacement

Magnitude under Resonance Condition

Panel of Elevator Safety and Reassurance*!

I HABIRY A AR - R BRI Z B4  JSME Technical Committee of Elevator and Amusement Facility

Several modelings of the elevator rope sway have been proposed by elevator makers. However, the modelings rely
on elevator makers’ specific information. Therefore a generalized rope sway model has been required especially for the
seismic operation against long-period ground motions or the strong wind operation. In this paper, a difference equation
against the wave propagation equation of the string vibration is applied for the resonance evaluation of the elevator
suspension rope. By the simulation results, it is concluded that the resonance behavior is not linear but affected by the car
vertical motion induced by the rope sway. As the resonance behavior of the rope sway is influenced by several physical

parameters, the effect of the rope length is evaluated as a first step.
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Table 1 Comparison of each calculation method
Difference equation Multi-body dynamics 1-DOF model
Accuracy | Good Good and advantageous | © | Not good, dependent to
to include other physical modal analysis, and dif-
conditions ficult to evaluate car mo-
tion
Complexity | Easy to make, hard to Difficult to make x | Easy, required to set
evaluate distributed ten- equivalent mass and
sion or car motion equivalent spring
Generality | Difficult to use, required Difficult to use, required | x | Easy and available to
specific knowledge specific knowledge analytic solution
Parameter | Easy to determine Not easy, required cal- | x | Not easy, required calcu-
culation of spring and lation of eigen frequency
damper and damping ratio
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Fig. I Rope string vibration model Fig. 2 Rope sway and car’s vertical motion
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Table 2 Simulation parameters

Enforced input Vb [mm)] 2~20
Rope length L [m] 20, 40, 60, 80
Rope linear density pA  [kg/m] 0.494
Car weight M [ke] 200
Damping ratio ¢ [%] 0.2
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Fig. 3 Influence of rope length and building enforced motion
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Table 3 Natural frequency of rope sway
Rope length L [m] | 20 40 60 80
Natural frequency f [Hz] | 1.59 | 0.81 | 0.54 | 0.41
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Fig. 4 Magnitude of rope sway against normalized input Fig. 5 Resonance frequency shift against normalized input
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