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Structural Replacement Cycle and Safety Evaluation of Escalator
Step Rollers using Finite Element Analysis
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Abstract

As escalators hold a high market share in the domestic industry, component failures from prolonged operation
directly threaten passenger safety. In Korea, the pedestrian culture of "standing on one side" induces eccentric
loading, accelerating mechanical fatigue on step rollers. This study evaluates roller fatigue life and replacement cycles
using ANSYS Workbench to improve existing maintenance practices. Under eccentric loads and an 8-hour daily
operation, the calculated replacement cycles ranged from 3.94 years (Type 800, 15 m/min) to 1.92 years (Type 1200,
25 m/min), showing up to a 51.3% lifespan reduction under severe conditions. These variations demonstrate that
environment-driven fatigue acceleration restricts structural safety. Therefore, transitioning to environment-specific,
dynamic maintenance strategies is essential to prevent safety accidents and optimize maintenance efficiency.
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Fig. 2. 3D modeling and various Vviews
(a) Top view, (b) Front view, (c) Side view, (d) Bottom
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