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In this paper, a finite element model (FEM) of a 8×19 Seru natural fiber core (NFC) wire rope bending over a 

traction sheave was built to study the contact mechanical performance at traction interface. Also, experiments 

were carried out by the imaging measurement method to monitor the slippage development at the traction 

interface. It was found both the simulation and experimental results showed a good agreement with each 

other, which demonstrated the validity of the FEM. Finally, more details about traction behavior were 

revealed and analyzed based on the FEM proposed in this work.  
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1. Introduction

Traction drive technology plays a vital role to provide 

working safety and reliability in vertical transportation, 

especially for mine hoist and elevator. However, due to 

the complicated spiral structure of wire ropes and the 

geometrical complexity of the contact between traction 

sheave and wire rope, it is difficult to experimental 

investigate the contact mechanics at traction interface 

between the rope and the sheave. Therefore, a FEM that 

can simulate the real traction conditions is required. 

This study aims to propose a FEM of the wire rope 

bending over the traction sheave to study the traction 

behavior at the interface. Specially, a complex 8×19 

NFC wire strand model was built in the FEM, which 

was extremely similar with the real wire rope. And the 

validity of the FEM was demonstrated by experiments. 

Based on the FEM, more traction behaviors can be 

observed and analyzed, such as the distribution of 

contact pressure and rope tension along the wrap angle 

concerned the slip condition during traction. 

2. Modeling of Rope-Sheave Interface

2.1. Establishment of Geometric Model 

To establish the FEM, the 3D geometric model of the 

wire rope and sheave need firstly generating by 

extruding the cross section along helical centerline and 

sweeping along a specific axis respectively. Due to the 

complexity of the helical structure, the location along 

the centerline of the single helical wire need to be 

obtained from Eq. (1). The geometrical model is then 

preprocessed and analyzed by commercial software of 

finite element analysis subsequently. 

Table 1: geometry parameters of the rope 

Helix polar angle 𝜃𝜃𝑠𝑠 
Helix angle 𝛽𝛽𝑠𝑠 
Helix radius 𝑟𝑟𝑠𝑠 

Secondary helix polar angle 𝜃𝜃𝑑𝑑 

Secondary helix radius 

Coordinate values along the 

centerline of the double helical 

wire  

𝑟𝑟𝑑𝑑 

𝑥𝑥𝑑𝑑 ,𝑦𝑦𝑑𝑑 , 𝑧𝑧𝑑𝑑 

� 𝑥𝑥𝑑𝑑 = 𝑟𝑟𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑠𝑠 + 𝑟𝑟𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑑𝑑 + 𝑟𝑟𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝛽𝛽𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑠𝑠𝑦𝑦𝑑𝑑 = 𝑟𝑟𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝜃𝜃𝑠𝑠 + 𝑟𝑟𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝜃𝜃𝑠𝑠 − 𝑟𝑟𝑑𝑑𝑐𝑐𝑠𝑠𝑠𝑠𝛽𝛽𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝜃𝜃𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑠𝑠𝑧𝑧𝑑𝑑 = 𝑟𝑟𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝛽𝛽𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑑𝑑 + 𝜃𝜃𝑠𝑠𝑟𝑟𝑠𝑠𝑡𝑡𝑡𝑡𝑠𝑠𝛽𝛽𝑠𝑠    (1) 

2.2. Pre-processing and Solution of the FEM 

Pre-processing software Hypermesh is used to process 

the geometric model into a finite element model. The 

finite element model is then solved by Abaqus, another 

commercial finite element software. 

3. Experiment of Slippage Development at Traction

Interface

A load is applied to the wire rope attached to the sheave 

on the test rig and the relative slip of the traction 

interface is observed with a high-speed camera.  

Fig.1 Establishment and experimental verification of the FEM 

of wire rope - traction wheel 

4. Discussion

The slippage measured by the experiments turns out to 

be in good agreement with the finite element analysis. 

Specifically, the displacement of wire rope in the finite 

element simulation is close to the slippage measured 

from the experiment. Furthermore, the effect of loading 

modes on slippage and distributions of contact pressure 

and rope tension along the wrap angle are discussed 

based on the FEM. 
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