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Who we are perpetuum

A company built around excellence and value creation for rail

* World class knowledge in vibration engineering

- Condition-monitored maintenance information for

bogies — focus on bespoke algorithm development

- Design & build of vibration energy harvesting sensors

— wireless maintenance free design

* Spin out from the University of Southampton in 2004 SEEEES —<

* International order book and a global supply chain

* Dedicated to rail
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Targeted needs for customers perpetuum

* Maintenance * Operations * New Build

- Resources - Safety - Warranty
- Wheel/rail - Punctuality - Differentiation
- Skills - Comfort - Development



RCM/CBM market is expanding worldwide urunn
Global fleet deployments - 5 in 2017 pe‘rpetuum
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The intelligent, connected “loT” bogie perpetuum

Rough Ride

Bearing Health
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Deployment of the intelligent bogie perpetuum
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“MONAXLE” latest R&D perpetuum

* Vision. This project will research the feasibility of detecting axle cracks on trains through
vibration measurement using on-board self-powered monitoring. The vision is to use
continuous live monitoring of axles with low cost self-powered wireless systems that are

easy to install and will replace expensive and disruptive NDT methods in maintenance
sheds.

* Concept: Use acceleration to monitor stiffness

* Funding programme: RSSB Accelerating Innovation (UK)
* Awarded: January 2018. Duration: 30 months

* Partners: Perpetuum, TWI, University of Southampton
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Condition Monitoring perpetuum

Or Wi-Fi
or RFID COMMUNICATION

GPS DATA
@ /a/ @ \8 REMOTE WEBSITE
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DATA CONCENTRATOR

MONITORING CYBER
ESSENTIALS

WIRELESS SENSOR NODE

A

Perpetuum Limited - Confidential - 20 February 2018
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Key System Elements perpetuum

“Gateway” “Data Hub” “Algorithm”
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Bespoke algorithms for each asset perpetuum
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The Wireless Sensor Node perpetuum

Configuration of these -
“|lobes can be customised
to suit the application
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Easy, live asset health information perpetuum
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Bearing Health Index perpetuum




Strong Correlation to damage for CBM crpetuum

Real-time on-board condition monitoring
of train axle bearings

1 Comi*#, N Symonds*, R J K Wood®, A Wasenczuk’, D Vincent*
+ Natonal Cartre for Advancad tribobogy & Smm.lmmn, Focuty of Engineering
i, Universty of Southamptor
P erpetsum b3, Southampton, UK

ABSTRACT

Premature fallure of rad axie bearngs causes 3 sgnfiant increase In tram
opersting costs and can Impact tran safey. A new onbosnd conditon monkoring
3pproach provided by Perpetuum Led is fitted on passenger trains to provide
operator Wit reaitime ormaton on besrng heat. Ths mew technaiogy alows
the detection of earty bearing damage.

This paper reports an initial study to understand the source of vibratans. The final
3im of the project &5 to CoANECE the increasing Vibraticn data to the bearing surface
damage, measured with surface profiometry.

1 INTRODUCTION

Rofing element bearings are mechanical components widely employed In industrial
applications, from rotating machinery to means of transport. Roling element
bearings conel: of & complex strcture (autar iy, lacer s, oo 3nd roliers)
and_usually operate n working envircnments (e.g. high temperature,
Toentions! Spany and toads) and therefors they are Ofen st i of alkre:

Fatigue &5 the normal fadure mode for bearings that are properly instaled and
malbgained, Unfortunataly, nimarous bearings siffer s faluree dus 8 poor
ing, Insufficient lubrication, overioading, overheating, contamination, unbalance

reaons it & veal to montor the bearing condition and ot of research hx
recenty undertaken In fault Giagnosis usng mainly Vibrations (4-14), bt also
Scoustic emissons (15-16) and temperature measurements. Changes i vibraton
signature have been employed for many years to detect degrading bearings before

fallure; but often the bearing Vibrations cannot be directly measured because they
are affocted by vibrations from other parts of the apparatus (background notse)
making condition mon—orng more complex (3). In order to avercome this GFAQRY,

numerous signal processing techniques (e.. envel m anakysis (10, 17),
Smmpkial wde decsposion (BHD) (2. 7, 8, 10, 18-19), Hilbert-Huang transform
(HHT) (4, 7), wavelet transform (WT) (5, 12, 20) and minimum ertropy

Sacowoion (HED) (17)) have besn develope to-ldentdy fauk charscomrsscs
precisely In the vibration cata. The data used to Cevelop these techniques were
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Wheel Health Index perpetuum

Zoom [ 1d [ 1w [1m]

CAT2

* 0 wheels have triggered a WILD alarm
without a preceding WHI alert

M * Al L2 wheels have been corrected and
reduced to L1 or less

*  Wheel turning now based on WHI score

as “inspection” is automated

* Flats, RCF, cavities, out of roundness
... - all create a vibration signal

* Diagnostics - RCF diagnosed 2 months

ahead




Correlation with site visits perpetuum
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Track (& Ride) Health Index alerts perpetuum

Buttons 1o select

the data to . SIEL
display as Map View perpetuum
coloured ralls in Sscar
the map

- - 4 Q . Table listing

'S the top 10
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Interactive map
~ showing rail
condition

{in colour)
Dropdown to and top alerts

select between %

street map and
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MTM Metro asset utilisation - Dec 2017 perpetuum

* Progressive adoption of asset management
Melbourne MTM deputy CEO maps out what a commitment to change should look
like. Real actions, real conviction and real confidence in how knowlegable use of through the board, and the company

tech and data can change the status quo.

* 5 year development strategy for testing RCM

technology

* Maintenance plan and component studies

completed

* New franchise secured in 2017 through CBM

savings supporting a competitive subsidy

level

AusRAIL: Predictive onboard diagnostics to help Melbourne trains meet ...

* Rapid mobilisation: Benefits in <3 years
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Abellio Scotrail: perpetuum

* Country: UK

* Business: Passenger Operator

Equipped Trainsets:
* 40 EMU (C334)

Ongoing Information Services
* Wheel Bearing health
*  Wheel health

* |nstallation: 2017
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Commissioning is underway perpetuum
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The “Data Mart” at Scotrail alliance perpetuum

PPM management (timetable)

Network Rail
e

RCM Hardware

~ abellio

Track health
information

Bearing/ Wheel R— m
health information perpetuum _
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SNCF TGV asset utilisation - Jan 2018 perpetuum

Committed to a “more from less”
@ S Soaimoe strategy — Step change
.

SNCF show the industry what true asset management objectives should look like - €25bn SaVingS by 2020

when deploying technology - getting more from less. It is the use of technology to
do something differently that is innovative, not the technology itself. Th ..see more
o
* 25% fewer assets for the same

SNCF plans TGV efficiency drive to compete with air and
bus

service level — 300 not 400 TGVs

& Like O Comment @ Share * Maintenance plan and RCM tech

|_/;’_ 1,522 views of your post in the feed

studies completed upfront

* Rapid deployment: < 3 years
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