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Resonance Curve 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 based on 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 (degree-of-freedom) model and the both vibration modes are coupled with
each other. In this paper, the resonance curve of the simplified 1-DOF model is derived by an implicit function. Another
equivalent resonance curve is also received by a quadratic equation, which is approximated from the implicit fuction. The
both resonance curves show nonlinear resonance behavior as a softening effect. The nonlinear resonance curve can be

derived as a non-dimensional function, and the derived curve corresponds to the numerical simulation result.
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Table I Rope sway parameters

w | Rope sway displacement

z | Vertical displacement of the car

" Lateral vibration g1 | 1st mode amplitude of the rope string vibration
ll\ " w(t) vy | Building sway at the top position
\ / p | Linear density of the rope
\\\ /// M | Weight of the car per one rope
N/ k | Vertical stiffness of the rope
E, | Rope Young’s modulus
Vertica; (\t/;bration A, | Rope cross section area
L | Rope length
Fig. 1 Rope vibration model g | Gravity acceleration
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Table 2 Simulation parameters (* refered to paper(”)

Enforced input
Rope length
Rope linear density
Car weight
Lateral damping ratio
Vertical damping ratio

Rope Young’s modulus*

*

Rope cross section area

D
L
p
M
Gh
&

E,

[mm] | 2, 10,20, 100
[m] | 20,40, 60, 80
[kg/m] 0.494
[ke] 200
[%] 0.2
[%] 1.0
[GPa] 51.45
[mm?] 52.1
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Fig. 2 Comparison between numerical simulation and theoretical solution
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Fig. 3 Solution of two quadratic equations (L =80m, D =  Fig. 4 Comparion between implicit function and quadratic
20mm) equation

5. BIEEROERTIE

K (21) CRTERITE ST A—F—Q FFIVIUE, TL_—2 O L OF, H MR aiTo - L Ta
HeEZLEND. LoT, MililEd Q Ol (QIFADEAE L) & LT, fithhz HEiEROH K VI(X 4 D OHT)

[No.21-70] BA#HF = Hili#ES REE - BEHERZFORTOHEN L ES FBERXE [2021-122, 25414 V]



HifiEES FREM - ESERZEOREORIM & ES [2021-12.2]
Copyright©2021 —fig#t MiZ A B AHMFES
TEHTLE, K5%255. BEHO T, BRI LEBRICETOELSEINALNTWEN, AFETEH

LR ITT T A—H— Q BAT 52 L T, fix DT L_—2 A - BHONMEREICE ST, 1 >ofific
HERTED.

MRITAL LTS Q DV NS WIS, BERIT—EEE 2D, ZOMHEIE, — S8R ORISR cGoNn s
BEIERLE —E L TR, 1/(28,) =250 £725. S5\, RO RTH 5 A & BRMOERIL, 1TIEHEL-
TWb. ZhEv, BUERESRREEZITY 2 &<, Btk LI EIEROMMRE RS RO D Z ENTE 5.

7ok, REERO AT Q MARZWEEIZH LT, ORITRT VI a2 b—ra VRO TRHETREOOMEERE 72>
TW5a., ZOHEFN 4 CROFHEEREOME (KHPOOH) LV b, K2 TRTVIalb— g Tl HRERE
MTHRKRELRS>TWVWHTDTHD.

100 \'—

/
/

Implicit function

Simplified quadratic equation -~
Transient simulation [

Linear system —-—-

1e-07 1e-06 1le-05 le-04
Normalized input
Fig. 5 Magnitude of rope sway against normalized input Q
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