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Abstract
Cable Transport is a wide means of transportation characterized by one or more cables. They often utilize vehicles called cable cars to transport passengers and goods while the cable may be of different types driven or passive. A cable car (U.K., Europe), similarly called an aerial lift (U.S.), is one type of cable transport mechanism that hauls cabins, cars, gondolas, or open chairs above the ground through several cables. Aerial lift systems have been extensively adopted in places where building roads are not convenient such as mountainous territories and even mining sites.
A gondola lift is a type of cable car which is made up of only one wire rope generally of steel material. The cable is circulated and strung between two stations and usually passing over multiple intermediate-supporting towers. An engine or electric motor is utilized to drive the cable through a bull wheel in a terminal to provide propulsion within the operation.
Another kind of cable car is a ropeway (even known as an aerial tramway, sky tram, or aerial tram), characterized by using one or two stationary ropes (track cables) as supports for passenger or cargo cabins. These cabins are rigidly connected to a set of wheels named the truck rolling on the track cables. Additionally, another moving rope is implemented so that provides propulsion (haulage rope). Within this type of system, an aerial tramway cabin’s grip is fixed onto the haulage rope that is driven by an electric motor throughout the operation.
In a gondola lift, moving cable carries loads and masses fixed to the cable itself and according to previous work, we can analyze it as a fixed cable subjected to moving loads and masses with minor and negligible error. Speaking of ropeways, ignoring the interaction of moving rope on the track cable (stationary one), which actually is a negligible effect, we can adopt the same consideration to study the behavior of the track cable. In conclusion, our simulation holds for the two system configurations.
[bookmark: _Hlk72236191]The cable in gondola lifts and the track cables in ropeways are subjected to various loading conditions in both vertical (parallel to the field of gravity) and lateral direction (orthogonal to the field of gravity) such as the weight of multiple moving mass in the vertical and wind in the lateral direction. Each one of these loadings may contribute to severe conditions that eventually end up in strand fatigue failure usually taking place at points where the cable motion is constrained against transverse vibration, such as at suspensions and boundaries. As a result, it is necessary to analyze the dynamic behavior of the system under these situations. Owing to difficulties in operating measurements on the field, studying the system dynamic response mostly relies on numerical analysis.
Since there are not many published works in this regard, this work is dedicated to deal with the above issues and address the challenges we face when simulating the track cable. The main objective that concerns this work is initially developing FE-code in MATLAB to perform a three-dimensional simulation of a multi-span beam as a (track) cable having each span with different lengths and orientations in space. In this case, the system has been discretized by adopting a 1D Euler-Bernoulli beam element. Euler-Bernoulli beam element has two nodes on which the inertia, damping, and stiffness properties are lumped, and six degrees of freedom are associated with each node. Afterward, having a global mass matrix and global stiffness matrix of the entire structure, modal analysis of the system was carried out to extract the mode shapes associated with the first five smallest natural frequencies of the system which can be considered as the most important ones among the others.
Validation of the developed MATLAB model is an essential step to proceed with this project's remaining tasks, which mainly involves analysis of the dynamic behavior of the system. Consequently, validation has been carried out firstly by using commercial FEM software (ABAQUS) to perform modal analysis. Within ABAQUS simulation, the B33 element type was adopted which represents quadratic E-B beam element in space. Subsequently, further assessment of the MATLAB FE-model accomplished through successfully generating the correct results and mode shapes for a multi-span Euler-Bernoulli beam carrying several various concentrated elements including point masses, rotary inertias, linear springs, rotational springs, and spring-mass systems. This system is investigated in a paper.
To study the dynamic behavior of the system, initially, as the real system is subjected to various loadings, it is necessary to analyze a different kind of forced responses of the system. Accordingly, step response, harmonic response, and the response of the system to multiple moving loads and even multiple moving masses have been investigated in the current work, in which the latter represents several cargo cabins passing through the (track) cable in the vertical plane. On the other side, wind pressure over the moving cabins has been studied which simply means excitation in the lateral plane. In order to perform these analyses, the Newmark algorithm has been adopted in this work, which is an implicit time integration scheme to discretize second-order time systems and widely used for structural dynamic analysis.
As the final step, we have conducted experiments on a scaled prototype to evaluate the accuracy and reliability of our numerical simulation and dynamic analysis of the system, and to perform basic identification of the system.
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