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The InterActive Pad (IA Pad) 1s an innovative rail pad including a sensor-insert allowing the
inclusion and extraction of diverse type of sensors for continuous and versatile monitoring.

Prototype design InterActive Pad
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A specific Data Acquisition System has been designed and developed to provide a
versatile and economical solution for continuous and real time recording of data and
wireless communication.

Similarly, a specific software 1s applied to visualize and analyze the data.

Data Software

InterActive Pad

Sensor Device
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Benefits and Advantages

IA Pad is a customizable rail pad, designed to adapt to different railway applications.

Its material composition is tailored to meet the specific requirements of customers or

railway operators.

Can be manufactured from different polymers, including the recycled ones.

Compatibility with any fastener system for various environments and vehicle types, from
subways to high-speed trains.

The innovative sensor-insert allows for modifying the type of sensor for an adaptative

system, while allowing for technology up-date and/or reparation.
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Benefits and Advantages

Continuous and real time monitoring.

Allowing for measuring diverse parameters by including
various types of sensors.
Examples: temperature of rail;

oscillation of rail-sleeper;

pressure 1n rail-sleeper contact;

Sensitivity analysis of diverse operation parameters.

Allowing  for  stablishing limits to communicate
irregularities: predictive maintenance and managing

Remote control and communication.

Cotinnous and real time monitoring of
diverse parameters
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Applicability

* Example of using piezoelectric
as main sensor

* Some practical applications:

InterActive Pad

S

Removable sensor-insert
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Piezoelectric Sensor with enclosure
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* Example of using piezoelectric
as main sensor

* Some practical applications:

Applicability

InterActive Pad

Removable sensor-insert
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Piezoelectric Sensor with enclosure

Tol: 208
Unit: mm
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InterActive Pad
Removable sensor-insert

* Example of using piezoelectric ‘h—) '

as main sensor i v

Piezoelectric Sensor with enclosure

* Some practical applications: R e 1

Tol: 208
Unit: mm

15

*  (Control of state of train-track
contact

Possibility of detecting anomalous loads.

e Sensor Signal
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* Example of using piezoelectric

as main sensor

* Some practical applications:

Applicability

InterActive Pad
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Removable sensor-insert
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Piezoelectric Sensor with enclosure

Tol: 208
Unit: mm

* Component Temperature Change Control.
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* Example of using piezoelectric

as main sensor

* Some practical applications:

Applicability

InterActive Pad

» S

Removable sensor-insert
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Piezoelectric Sensor with enclosure

Tol: 208
Unit: mm

Behaviour in Critical Sections (curved sections,

track changes, transition sections, etc.)




| ABIC .ucr Applicability

InterActive Pad
Removable sensor-insert

» S

v

Piezoelectric Sensor with enclosure

* Example of using piezoelectric
as main sensor

* Some practical applications:

e Settlement Prediction.
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Laboratory validation
EN 13146 / Tech. Esp.

Position of the Sensor-
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Static and Dynamic
Stiffness test

=%

J
|| ﬁ

Impact Mitigation test

1.y " &/ : V2T
Position of the Sensor-
mtegrated Innovatlve Pad

Fatigue test




I_ ABIC UGR Experiences: validation and demonstrati

- UNIVERSIDAD LABI‘ ; . UNIVERSIDAD 5 LABI‘ UCR
* DEGRANADA Technical DataSheet AR’ |31/ DEGRANADA Technical DataSheet .
InterActive Pad InterActive Pad
IAP - MT - 10
i.  General Rail Pad Properties ii.  Field of application
Property Typical Value Track category Typical axle load
The Interactive Pad is a customizable rail pad with Black/White but Subway track 100 kN
: : : Colour Y Main-line railway 225kN
a variable thickness of 7 to 10 mm, designed to adjustable
A : o - Freight trains 280 kN
adapt to different railway applications. Its Thickness 7-10 mm
material composition is tailored to meet the Bottom 5 2 2
specific requirements of customers or railway S Line Geometry iii.  System Stiffness - Following UNE-EN 13146-9
operators, ensuring compatibility with various Dimensions 180 mm x 140 mm Type of ”
environments and vehicle types—from subways Material N Stiffness Teniperature (1C) Valoe
to high-speed trains. Additionally, both its overall Density 1160 kg/m 20 198
and surface geometry are adjustable to fit the Weight 0.22 kg Static 30 193
required model. e e 40 192
; 100% recyclable 20 229
impact Dynamic 30 223
40 220
i. Model IAP - MT - 10 characterization iv. Mechanical Properties
InterActive Pad Parameter Method Result
Removable sensor-insert Dli"s 1imm
<0,5 mm
Fatigue resistance UNE-EN 13146-4 K e ot factyns < A15 Kope
Kain after fatigue < 1.15*Kgin
Impact Mitigation UNE-EN 13146-3 a>25%
) y ¢ v. InterActive Pads applications
S A0 Piezoelectric Sensor with enclosure Load Detection - Dynamic Weighting Settlement prediction Component Stress Monitoring

This pad is positioned between the rail and the
sleeper and features a removable piezoelectric
sensor. The sensor can be inserted or removed Sensor Specifications
as needed during the application/service. It

functions by deforming under mechanical Item Unit Specification ‘ Load ()

stress, converting this deformation into voltage Operating Voltage v Max. 12 Detection of anomalies in Wheel-rail contact 15
signals. These signals are then collected and Operating Temperature oC -30-+85 | e e s | — —— | 10
stored by a data acquisition system, which may Storage Temperature °c -40-+95 10 5
be either a dedicated external device designed Weight gr 1 i 0
for this InterActive Pad supporting wireless = .5
functionality or a PC with specialized software 5

for data processing. 10
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Sensor calibration

Prior to the field trials, laboratory calibration of the sensors was performed to establish a direct
relationship between the track loads and the speed of the passing train.

35.0
Signal-Load Interaction 7,()/11( CahbratIOﬁ Table
-
30.0 R = 50 km/hr 100 km/hr 150 km/hr
- 0.3159% + 11.177 = il . Signal Signal Signal

55id R*=0.8886 P o E;ﬂf::;ﬂ;;‘ MAX MIN  MAX MIN  MAX  MIN
& i =~ ERPAP NP 13 770 7.03 1189 1131 1146 1079
S .- i ' R%=08824 19 9.64 892 1541 1483 17.01 1610
2 20.0 SR 2 = 20 9.60 9.12 1483 1470 1440 14.18
= s = 21 1034 975 1632 1590 1831 17.38
£ - 23 1084 999 1736 1664 1892 1811
< 150 SHE 24 11.26 1058 17.88 17.53 1999 19.11
= s 26 11.25 1072 1712 1655 1669 1603
= - 28 1253 1204 1944 1912 2149 2044
10.0 29 1238 1203 1897 1884 2079 2020
32 13.29 1259 2028 20.04 2227 2152
&5 34 13.48 1287 2126 21.04 2282 2251
» 38 1426 1364 2223 2092 2405 2228
42 1637 1511 2329 2219 2534 2351
66 48 1622 1554 2317 2288 2528 2446
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 56 18.17 1693 2509 24.01 27.14 2533

Load (kN)
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Demonstration: Full-scale tests

Full-scale tests in controlled conditions at laboratory, assessing diverse parameters under
the simulation of train passage to correlate track performance and sensor measurements
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Experiences: validation and demonstration
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Experiences: validation and demonstration
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Experiences: validation and demonstration
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Experiences: validation and demonstration
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Pilot — Real Track




I_ ABIC UGR Experiences: validation and demonstration

Pilot — Real Track

-« :Sensor connection

Internal view
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Pilot — Real Track
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Pilot — Real Track
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Pilot — Real Track

Experiences: validation and demonstration
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Pilot — Real Track

Comparing InterActive Pads with Standard devices, like accelerometers

Rail

Smart Rail Pads "s—— Accelerometers
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Pilot — Real Track
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Pilot — Real Track
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Pilot — Real Track
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Pilot — Real Track
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- InterActive Pads are smart rail pads allowing for continuous and reliable
monitoring of railway tracks

- Measuring of diverse operation parameters: adaptable system by changing type
of sensor

- IA Pads have been successfully validated and demonstrated through full-scale
laboratory tests

- IA Pads have been successfully demonstrated at real tracks: slab and ballasted
track; light and heavy traffic
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