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Multi-Body Dynamics Simulation of Hoisting Wire
Rope and Its Stress Analysis

QIN Zhi, HUANG Qing, JIN Hongrui, XUE Honggian

(School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; As a key component of the hoisting system of the crane, the steel wire rope will bear a variety of loading
actions such as stretching, bending, vibration and impact in the process of traction hoisting. Therefore, it is impor-
tant to determinate the dynamic characteristics of the steel wire rope under complex loads and understand the stress-
strain state to predict the risk of hoisting operation in advance. This article takes the bridge crane as the engineering
background, first, a dynamic model of a steel wire rope lifting system based on ADAMS / Cable was established,
and the dynamic stress spectrum of the steel wire rope during the lifting process was calculated and obtained. Sec-
ondly, by establishing the geometric model and finite element model of the wire rope, the tensile stress and wire
displacement distribution of the wire rope and the contact stress between the wire rope and the pulley and the wires
inside the wire rope are analyzed during the lifting process of the crane. The final results show that the instantaneous
acceleration of the steel wire rope increases the maximum tensile stress of the steel wire rope by 37% compared with
the stable lifting stage at the instant of starting the steel wire rope, causes an increase in the stress amplitude of the
wire rope cross section, and the lifting process of the steel wire rope is accompanied by unstable vibration loads.
The analysis found that the outermost cross-section of the steel wire rope’s outer strand was subjected to the greatest
stress, and its local maximum tensile stress amplitude was increased by 56% compared to the stable lifting stage.
The contact stress generated by the contact between the steel wire rope and the pulley causes contact wear on the

external and internal strands of the steel wire rope, and promotes fatigue fracture of the steel wire rope.

Keywords : multi-body dynamics; multi-layered strands wire rope; finite element analysis; contact wear
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