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SP4
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Capacity for Rail

The development of innovative monitoring systems for the rail industry

WP4.1- Monitoring Strategies

A Identify key components / systems

A Identify monitoring possibilities

A Identify deterioration parameters
and methods for prediction

A Identify data collection strategies

WP4.2- Monitoring Technologies

A Identification and evaluation of key
technologies:

Sensing

Energy harvesting

Communications

Data / processing
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WP4.3- Implementation in new

structures

A Review of new track structures for
weak points and risk levels

A Develop builin monitoring systems

A Processes for operation and
maintenance

WP4.4- Migration of innovative

technologies to existing structures

A Development of retrefit monitoring
systems

A Integration with existing
maintenance processes




SP4

WP4.1: Monitoring Strategie
and evaluation, Algorithms
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WP4.2: Monitoring
Technologies & Sensors
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WP4.3: Implementation in

new structures
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WP4.4: Migration of
iInnovative technologies to
existing structures
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Technology Evaluation Cd |z

Capacity for Rail

Technologies to be used to develop integrated solutions for next generation
railway monitoring and inspection
A Specification, identification and evaluation

Scope
A Sensing, energy harvesting, communications, processing and data
Integration

Expectations
A Low cost, robust, intelligent, and low power

Nearhorizon technologies or technology transfer from other domains
A Not the development of entirely new approaches




Technology Evaluation Cd |2

Capacity for Rail

A Identify key requirements for inspection and monitoring systems
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A Review technology use in rail and other industries

A Select appropriate sensing technologies and processing for low energ
systems

A Select appropriate communications technologies
A Identify appropriate data formats and communications strategies

A Development of demonstration case studies
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Capacity for Rail = —
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Technology to
be Developed

Identified_ + Technolpgy + Gortext
Technologies Evaluation
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Technology Market Plact
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Capacity for Rail
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Which technologies could be developed given the Market Plage?

What is missing in the Market Place to progress the technolog

Capability

Enabler

<><

Technology

Political —{y Drivers
Economic
Social
Technological
Environmental
™ Barriers

Required
Competency

Applicability
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Technology Identification Framework(:‘“a
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Technology Market Place
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Which technologies could be developed given the Market Plage?
es:

What is missing in the Market Place to progress the technolog

Drivers Capability
Technology
What is the
technology in

Barriers question? Applicability
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Technology Market Place

Capacity for Rail —

Which technologies could be developed given the Market Plage?
What is missing in the Market Place to progress the technolog

Drivers

Capability

Technology

Barriers

Applicability

Where could
the Technology
be applied?
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Technology Identification Frameworkc:‘“a

Technology Market Place

Where are the
drivers for
introducing the
Technology?

Capacity for Rail —

Which technologies could be developed given the Market Plage?

What is missing in the Market Place to progress the technolog

Drivers

Capability

Technology

Barriers

Applicability
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Technology Identification Frameworkc:‘“a

Technology Market Place

Where are the
barriers to
introducing the
Technology?

Capacity for Rail —

Which technologies could be developed given the Market Plage?

What is missing in the Market Place to progress the technolog

Drivers

Capability

Technology

Barriers

Applicability
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Technology Market Place

Capacity for Rail —

Which technologies could be developed given the Market Plage?

What is missing in the Market Place to progress the technolog

Drivers

Capability

Technology

Barriers

Applicability

What capability
IS required to
realise the
Technology?
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Technology ldentification Framework(:‘“‘

Capacity for Rail = —

Drivers
political, economic, social, technological, environmental

Capability

enablers, competencies and relevant stakeholders

Barriers
political, economic, social, technological, environmental

Applicability

application, stakeholders, business case and business mogd
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Drivers
political, economic, social, technological, environmental

Capability

enablers, competencies and relevant stakeholders

Effective proven technology
Nor-invasive
Existing safety cases

IR cameras

IR specialist

Threshold based processing
Graphics cgprocessing
Calibration

Infrared Imaging

Barriers
political, economic, social, technological, environmental

Applicability

application, stakeholders, business case and business mo

Technically limited (resolution + speed)
Lastminute detection (mechanical)
Weather sensitive

Sensitive to emissivity

Potential damage to lenses from dirt

Hot spots
Electrical
Mechanical
Vegetation
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Capacity for Rail = —
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Technology to
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Evaluation at multiple levels
Technologies

H Ig h Ievel wintegration
" wStandardisation
requirements
. wData aggregation, fusion and storage
M Id Ievel wFault detection (defect recognition)

" wDiagnosis (evaluation algorithms)
re q u I re m e ntS wPrognosis (degradation algorithms)

LOW Ievel wSensors (data acquisition)

wEnergy harvesting (generation/storage)

req U | remeﬂtS wCommunications
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Evaluation against: sensing, energy harvesting, communications, and cost

Technical Evaluation Cost
Evaluation

™

rate of messureme fts
track malne m e
rpare it leve |
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romeg et fields

Lo g ta m mbustnes ard reliability
ENER@Y HA RVESTING SCORE

Detection of inc pie nt faults
ironme ntal e omptibl ity

Fast data trarsmission

Time syrcronizatian

COMMUNICATIGN SEORE
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— Comparisorof different configurations Value Analysis
(Technical vs Cost)
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Scores in different requirement categories are collated

ATTRIBUTES

ENERGY HARVESTING SCORE
COMMUNICATION SCORE

SENSOR SCORE

TECHNICAL INCREASE ON LOWEST

TECHNICAL SCORE
TECHNICAL RANKING

R 6.1 SR R e e 75 83 s
5,5 5,0 7,5

4,1

| | |

Average: 5,2 + Average: 6,3 + Average: 7,9
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Sensor Evaluation / Comparison (:4 I%

p Capacity for Rail = —
Testing has been undertakenat » ...~
the Long Marston facility e
o « e ,;\‘\; -
A variety of different grade | RN )
(cost) accelerometers have beelg e /&,

evaluated

Testing for both direct vibration,
but also suitabllity for
displacement sensing

Crosscomparison of sensors an
evaluation against geophones
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High quality (cost) sensor .
displays reasonable - "W’ﬂ
correlation 2 . |

Key sensor attribute is OMWWW ﬁhwwwww\w«w«wmwk\‘
stability for this application

0.15 -0.1r-

Vertical speed [ms 1]
o
o o
a1 =

7 7.2 7.4 7.6 7.8 8
Time into experiment [s]

0.05 Lower quality (cost) sensor

aﬂw displays significant drift

6 6.5 7 7.5 8
Time into experiment [s

Vertical speed [ms'l]
o

Also may be affected by
significant events in the signa




Accelerometers

CiAR

Capacity for Rcul —_

A MEMS vs Piezo @0
A MEMS average draw ofk g Col ‘
0.75mW compared to  S{Eigh -2
Piezo of 132nW .“A:MRM;“ .
A MEMS Peak draw of e L
5 mA (1.5mW)
KS76a (Piezo) ADXL0O01 (MEMS)
Interface IEPE Voltage
Power ~ 132mW <1mwW
Range +120 g +250 ¢
Resonant frequency > 34 kHz 22 kHz
Sensitivity 50mV/g 4.4 mV/g
Noise 80 ug (20; 50000 Hz) 95mg (100¢ 400 Hz)
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Vibration calibrator




Sensor Evaluation / Comparison (: 4 I‘
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A Good maitch
A Lower SNR but negligible

159.2 Hz calibration signal
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Sensor Evaluation

—

Capacity for Rail

A Using the SP4 WP4.2 proposed
evaluation framework
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Ref Description

5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% 5%

S1 MEMS Accelerometer ADXL3430] 10| 10| 10| 10| 5[(10f{10f 0| 0]10| 10| O] 10|10 5[10{10]|10]|10|10| 5| 8.0




Energy Systems K:‘I- I‘J
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A Rugged solutions for
different weather
conditions

A Up to 40W power

ENERGY HARVESTING

A Rugged wind turbine
A Stormproof

A Dust and debris resilient
A Wide temperature range

Resistance to electromagnetic fields

Environmental compatiblity
ENERGY HARVESTING SCORE

= Monitoring and reporting of battery status
Mounting simplicity
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7 Self-diagnostic

Ref Description
Weight
E1l |LE-v50 wind turbine 5 5 5 5| 10| 10| 6.7
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Energy Systems (:4 |‘

- Capacity for Rail  —,

A 50 cm automotive solar
panel (traffic lights)
A Up to 20W power

ENERGY HARVESTING

A Wide operating
temperature range
A Resilient unit, does not
B require further housing /
Weight 7% 17% 17% 17% 17% 17% protectlon

E1l |Solare panel BP SX20U 5( 5| 0] 5| 10| 10| 5.8
\— 30

Suitability for installation at different sites
Monitoring and reporting of battery status
Environmental compatiblity

Resistance to electromagnetic fields
Mounting simplicity

ENERGY HARVESTING SCORE

Self-diagnostic

[ERN




UoBWireless Node System OvervieV\K:[“‘}
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Capacity for Rail -

Sleeper Node

Accelerometer

©

_ Temperature |
_ Battery Voltage

S —

ISM Wireless
Module
Lowpower
Lowfrequency
ISM band

Master Node

WiFi/ 3G
module

ISM Wireless
Module




UoBSleeper node CidR

Capacity for Rail = —

A Easily deployable
networks of sensors
A Internal accelerometer
AWw{fSSLAQ dz
detected
A Samples at 1600 Ss
A Downsampleso 800 Sg
A Stored in local memory
A Transmitted to master
node after train has
passed
A Battery powered
A ~5 years
A EH for local master
node
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Inter-node Communications (:/I. |2

Capacity for Rail

A Low frequency ISM band
A 868 MHz FSK T
A Very low power

A Each node transmits at
specified time slot time
division multiplexing

A Realtime clocks are

neriodically synchronise e ="

oy the master
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|dentified + Technology + Context mmm | Technology to
Technologies Evaluation B | be Developed
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UoB- Live Trial Initial Tests (’ 11 |z

Capacity for Rail

A Monitoring sleepers on the UKighSpeed. line
using low power accelerometers and embedded
microcontrollers
I Eurostars
I Javelins
I Freight trains

A Monitoring the noise signature pre/post grinding

I Use of lower power microphones and embedded
system

* % 5
* *
* *
iy SN A TWORK
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UoB- Live Trial Initial Testing

(,4R

Capacity for Rail

A 3 accelerometers TS e R ey

Installed on the UK
HighSpeed. line

Line speed
220kphto 300kph

A Around 1400 train
passages were
recorded over a 2
week period
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Data Analysis Accelerometers (:4'%
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A Displacement
curves for the
three
accelerometers

AOne is
significantly

larger than the
other two /

Lesswell supported sleeper




