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Background

• Remote condition monitoring (RCM):

– monitor the condition of an asset 
remotely via sensor(s) at or on the 
asset

– send data automatically to another 
location (server) for post-processing

• Enables a shift from a time-based 
(interval) to a condition-based 
maintenance regime

– intervention based on the actual 
condition of the asset

A vision of the railway in 
2040…….

“Unplanned maintenance 
and damage to track and 

train are minimised through 
enhanced industry-wide 
condition monitoring”

“Research estimated a potential 
reduction of 15% delay, valued 

at £90m/year, if RCM were 
effectively deployed. Of this, 
£12m/year is derived from 
sharing RCM data across 

industry boundaries”



Rail asset condition monitoring

• RCM is widely used on modern 
trains to monitor the condition of 
key components
– e.g. doors, brakes, bearing and traction 

systems

– reported by on-train management 
system (TMS)

• Infrastructure also has significant 
RCM systems to monitor condition 
of safety critical assets 
– e.g. points machines, signalling 

systems
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Rail RCM

Train management systems
Axle bearing monitoring
Ride/stability monitoring

Wheel impact load detection
Trackside acoustic axle bearing 
Hot axle box detector

Track geometry measurement
Ultrasonic measurement train

Overhead line measurement system

Points condition monitoring
Rail temperature monitoring
Signalling status monitoring



Trains monitoring infrastructure

• Feasibility of using in-vehicle measured 
acceleration data to detect and 
categorise severity of track 
faults/quality

• Detailed vehicle-track dynamic 
modelling used to support:
– sensor selection and placement

– development of efficiently algorithms to 
process large quantities of acceleration data

• Trials on Network Rail measurement 
train

• Currently being trialled on a number of 
fleets on GB rail network



Infrastructure monitoring infrastructure

• SCT developed range of sensor technologies 
for monitoring and detection of degradation 
at switches and crossings (S&C)

• Smart Washer for local and remote 
monitoring of a bolted joints, e.g. rail 
stretchers bars

– monitors clamp force, temperature and 
orientation 

– data transmitted to remote monitoring system

• Further work undertaken to investigate 
feasibility of monitoring other S&C defects

– type and occurrence of typical S&C defects

– detailed S&C modelling to predict typical 
ranges of forces, displacements and 
accelerations

– inform selection and placement of sensors info@smartcomptech.com



Automated inspection

• Enhanced automated non-destructive 
testing techniques
– depot-based systems which automatically 

inspect key components as the vehicle is 
moving
• e.g. wheel profile wear, brake wear, image 

profiling and pattern recognition

– ultrasonic inspection trains to replace manual 
ultrasonic measurements and visual inspection

– scanning of wheel-rail damage to replace 
visual inspection



Current challenges

• Identification of the actual asset being measured
– e.g. increased use of automatic vehicle/component 

identification or tagging

• Cross-industry data sharing and common information 
architectures and protocols

• Effective use of condition monitoring and inspection data 
– application of intelligent data analytics

– support maintenance decisions and optimisation



Better use of data

• Advances in automated NDT and RCM 
techniques provide the opportunity to 
accurately monitor component condition

• Intelligent trending of this data supports 
maintenance decisions and optimisation
– identify rogue components / vehicles

– quantify component degradation rates 
and residual life

– develop of maintenance plans

• Research on-going to realise the full 
potential of condition monitoring data to 
support maintenance decisions and 
optimisation



• Current maintenance is generally carried out by 
a combination of corrective (condition-based) or 
scheduled (interval-based) maintenance

o selection of optimum strategy is often subjective 
with little scientific proof

• Investigate the use of a Condition-based 
Maintenance (CBM) approach to develop the 
most suitable solutions for predictive and 
corrective maintenance

• Build on experiences and knowledge of 
application of CBM techniques from other 
industry sectors

• Intelligent analysis of condition data to identify 
trends and predict component 
degradation/failures

• Demonstrated on a range of vehicle components

Smart maintenance of rolling stock (WP2)



• Intelligent analysis of condition data provides 
opportunity to identify trends and predict future 
component degradation/failures

o move towards a condition-based maintenance 
(CBM) approach

• Benefits of CBM include:
o automatically measure the condition of key components

o replace manual measurements which can have poor 
repeatability and lower accuracy

o process raw data to determine component conditions

o user configurable alerts/reports based on absolute 
measurements and prediction of residual life

• Support decision making / maintenance planning
o target maintenance based on actual condition (or residual 

life) of a component

Maintenance optimisation



• D2.1 summarised the evolution of a scheduled CBM 
methodology within the aviation industry and 
provided an overview of the MSG-3 methodology

• D2.2 described suitable techniques to support data 
driven maintenance

o diagnose and identification of potential system failures 
from condition monitoring data

o use of data to support maintenance decisions and 
planning

• D2.3 application of selected techniques to rolling 
stock components

o assessment of  data from on-board train management 
systems to identify and predict faults (brake control unit, 
sliding doors)

o assessment of wheelset condition and train operational 
data to improve maintenance planning based on 
operational constraints

Initial WP2 outputs
 

Maintenance program development plan

MSI analysis process
Identification of functions, functional failures, failure 

effects, and failure causes

Selection of maintenance actions using 

decision logic

Level 1 analysis: 

Evaluation of failure consequence

Implementation Things done to apply the results of 

MSG-3 through the MRB process  to be compiled in a  

Maintenance Review Board Report

Feedback In-service data and 

operator/maintainer input

Level 2 analysis: 

Selection of the specific type of task 

according to failure consequence

Maintenance- Significant Item

(MSI) selection and validation
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Assessment of on-train diagnostic data

• Modern rolling stock are already equipped with on-board diagnostic systems 
that regularly generates system operational/condition data

• Simplified event data, e.g. fault codes and measured variables for a specific 
event, rather than sensor data, e.g. time series of measured physical quantity

• Diagnostic data collected from IMPACT2 project partners (DB, Siemens, CAF) 
for a range of systems

o brake control unit, traction control unit and sliding

Ref:  IMPACT2, Developments of CM at DB 
(WCRR 2016)
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Assessment of on-train diagnostic data

Range of data processing techniques applied, 
but general methodology includes:

1. Selection of relevant diagnostic codes
o experience of depot staff and codes which result in 

maintenance intervention

o design of on-board diagnostic system architecture 
(e.g. safety critical components)

o analysis of diagnostic codes / events

2. Statistical analysis of diagnostic codes
o frequency of occurrence, time activated, cumulative 

o Relationships between diagnostics codes and measured 
variables

3. Forecast of future activations 
o linear/non-linear regression

o neural network

4. Early warning of imminent failure
o support maintenance planning (rather than corrective 

unscheduled maintenance)



Summary

• Advances in RCM and automated NDT techniques 
provides the opportunity to accurately monitor 
component condition

• Intelligent trending of this data supports maintenance 
decisions and optimisation
– identify rogue components / vehicles
– quantify component degradation rates 

and residual life

• Develop of maintenance plans
• Further work required to realise the full potential of 

condition monitoring data to support whole system 
optimisation
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