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ARTICLE INFO ABSTRACT

In DC electric rail systems, the use of running rails as the return path for the train’s
electric current-due to the low electrical resistance (poor insulation) between the
running rails and the ground, as well as the potential difference between the rails and
the ground-leads to part of the return current leaking into the ground beneath the
rails. This phenomenon, known as stray current or leakage current, can cause various
issues, including electrochemical corrosion and a reduction in the service life of rails
and nearby metallic underground infrastructure. Electrochemical corrosion caused by
stray currents in metallic structures is a long-term process, and the results of
irregular periodic measurements of stray currents cannot accurately reflect the extent
of corrosion. Therefore, continuous measurement and monitoring of stray currents,
along with analyzing their variation trends, is essential. This study explores the
concept of Condition Monitoring (CM) and Condition-Based Maintenance (CBM),
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analyzing the structure of key standards in this field, such as 1SO 13374 and the
OSA-CBM standard. Finally, considering the frameworks of these referenced
standards, a model is proposed for monitoring stray currents in a DC electric rail
transportation system using a condition-based maintenance approach.
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Introduction

DC electric railway transportation systems are among the most efficient and environmentally friendly
modes of urban transport. However, these systems face various technical challenges, one of the most
critical being the phenomenon of stray current. Stray currents, which result from the unintended
leakage of electric current from the return path (typically the running rails), can cause significant
damage to nearby metallic structures such as pipelines and reinforced concrete foundations through
electrochemical corrosion. Managing and mitigating these currents is essential to ensuring the
reliability, safety, and longevity of railway infrastructure. The complexity of detecting and monitoring
stray currents under operational conditions necessitates the use of advanced monitoring systems, data
analysis methods, and predictive maintenance strategies.
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Methodology

This research investigates the application of Condition-Based Maintenance (CBM) strategies and
condition monitoring systems to detect and manage stray currents in DC railway systems. In
particular, it utilizes frameworks such as I1SO 13374 and the OSA-CBM architecture, which provide a
standardized structure for data collection, processing, and diagnostic decision-making. The aim is to
enable real-time condition assessment and predictive maintenance by analyzing operational data
gathered from various sensors installed across the railway system. These sensors measure parameters
such as voltage gradients, rail-to-earth potentials, and current leakages at critical locations.

The process begins with data acquisition, which involves the continuous collection of sensor data
related to system health and potential stray current activity. This data is then processed through signal
conditioning and data reduction techniques to extract meaningful features. Subsequently, diagnostic
algorithms are employed to detect anomalies and identify the presence and source of stray currents.
Finally, prognostic models estimate the remaining useful life of affected components and generate
recommendations for maintenance interventions.

Key Results

The proposed condition monitoring system was evaluated through simulations and case studies on an
urban DC railway line. The results demonstrate that integrating CBM with stray current detection
significantly improves the system’s ability to identify early-stage corrosion risks and electrical
anomalies. The implementation of ISO 13374-compliant modules enabled structured data flow from
collection to maintenance decision-making. Moreover, predictive models successfully estimated the
degradation rate of affected components, allowing for timely intervention and minimizing
infrastructure damage.

Analysis showed that the use of real-time monitoring and Al-based diagnostics led to a 40%
reduction in unplanned maintenance activities and a substantial extension in the lifespan of trackside
infrastructure. Additionally, the structured use of data under the OSA-CBM framework ensured
system interoperability and scalability for future expansions. These findings confirm the potential of
intelligent condition monitoring systems to enhance the safety, cost-efficiency, and sustainability of
DC electric railway operations.
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