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IoT Characteristics

·Sensor, Microprocessor, Transmitter

·Self Powered - Energy Harvester (no batteries)

·WirelessData Transmission to Cloud Server

·Information/Alarms anywhere over the internet

·Mobile Platform (to make it a little more difficult)

When will see this ?   
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Live Monitoring on Trains

·Axle Bearings

·Wheels

·Gearboxes

·Traction Motors

·Track

·Cows



Perpetuum WSN Features

·Totally Autonomous WSN (no wires or batteries)

·он ²{bΩǎ ǇŜǊ п ŎŀǊ ǘǊŀƛƴ ǘǊŀƴǎƳƛǘǘƛƴƎ ǘƻ  м 5ŀǘŀ 
Concentrator (powered) with GPRS link to Cloud Server
VVibration & Temperature Sensors 

ü Early Identification of Failure

VWireless Communication 

üNo Wires

VVibration Energy Harvester 

üNo batteries

VRobust design for harsh environments

VFast to fit

üTrains fitted overnight



Installation
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Wireless Sensor Node:
üVibration &Temp Sensors
üEnergy Harvester
üMicroprocessor
üWireless Transmitter



Wireless Sensor Node

Data Concentrator

On Train Communications

Data Download Via 
Cellular Network

Communications



Bearing Failure !
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Simple to Use
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Temperature

Raw 
Vibration 

Data

Output:
Simple numerical 
rating of wear:

Bearing/Wheel Health 
Index (BHI/WHI)

Input:
Complex & noisy 3D 

Vibration data

tŜǊǇŜǘǳǳƳΩǎ
Algorithms: 

Reduce background noise,
Look for Vibration 

signatures of bearing & 
wheel damage 



Vibration Data
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Good Bearing

Onset of Flat

Degrading Bearing

2 Months 
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Bearing Health Index (BHI)

Correlation of Damage to BHI
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Subsurface Damage Revealed
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0.6 mm Cut

Initial inspection 
shows minimal 

damage

Surface removal 
reveals hidden 

damage



Business Case

·Extend service interval
üMaintain on need not on mileage

üReduce number of major overhauls in franchise period

·Improves asset utilisation
üFleet being monitored while earning revenue

·Improves efficiency of maintenance operations
üAllows potential failure to be identified in advance & 

maintenance planned

·Reduces damage by enabling early intervention
üWheel sets, shock damage etc

·Avoids in service breakdown
üPenalty charges , cost of repair  & recovery

·Improved Reliability and Safety Slide 12



No Wasteful Bearing Changes
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Only spend cash to 
replace the small % of 

bearings that  are 
failing

Use full life of good 
ÂÅÁÒÉÎÇÓ ÁÎÄ ÄÏÎȭÔ 
waste cash on them

Current Maintenance Plan Extended Life

Use full life of good 
ÂÅÁÒÉÎÇÓ ÁÎÄ ÄÏÎȭÔ 
waste cash on them



Gearbox Monitoring
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·Original bearing solution led to 
wheel solution

·Now investigating track solution

·> 5 000 sensors already monitor 
Kent network daily in real-time

·Location tagged data using GPS

�*�R�L�Q�J���E�H�\�R�Q�G���U�R�O�O�L�Q�J���V�W�R�F�N���«

· Sprung & Unsprung measurements

· �³�1�R�L�V�\�´���Z�K�H�H�O�V���H�D�V�L�O�\���U�H�P�R�Y�H�G
· Vertical shock & vibration at 

wheel/rail (+/- 0.025Grms)

· Also lateral and longitudinal forces


