
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 03, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 3525 

Rail/Weld Fractures Detection by Continuous Monitoring Strain and 

Temperature Using FBG System 
Jay Kirankumar Bhavsar 

Parul Institute of Technology

Abstract— Rail fractures have been a major cause of 

derailments in IR with crucial repercussions. With present 

system conventional periodic inspection system and 

Ultrasonic Flaw Detection, there is no efficient or automated 

system in place for Rail Fracture detection or prediction of 

abnormal behaviour of LWR under particular temperature or 

even effects of various abnormalities from Rail/ wheel 

interactions like Flat Tyre etc. A smart conditionmonitoring 

system like Proposed FBG System, would allow real-time 

andcontinuous monitoring of the structural andoperational 

conditions as well as monitoringof the structural health of 

rail tracks and the location. Major objectives of proposed 

system is to record continuously strain and temperature 

signatures using optical sensing and transmitting from track 

to the different control points. Study trail of proposed 

system conducted in W.R. has been discussed in detail. In 

addition, the system design caters to flashing of precise 

location of Rail Fracture instantly to the person concern and 

control centre. Also continuous recording of strain signature 

and its data analysis after filtration and calibration can be 

utilised to indicate the threshold of strain with respect to 

temperature variations. Prediction of abnormal track stress 

behaviour can also result in precise location of accumulation 

of stress level due to temperature considering hysteresis and 

actual behaviour of Long Welded Rails (LWR). 
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I. INTRODUCTION 

Cracks in rails have been identified to be the maincause of 

derailments in the past, yet there have been no cheap 

automatedsolutions available for testing purposes. Hence, 

owing to the crucialrepercussions of this problem, we have 

worked on implementing anefficient and cost effective 

solution suitable for large scale application. Wehope that our 

idea can be implemented in the long run to facilitate 

bettersafety standards and provide effective testing 

infrastructure for achieving better results in the future. 

Present maintenance and inspection system on IR is 

conventional where track is being inspected by the lower 

most unit of Trackman to supervisor to Engineer for each 

asset as different frequency but mostly through visual means 

or correlating.Accurate and timely prediction of Rail/Weld 

Fractures is a need of the present hour. 

II. MAGNITUDE OF NEED 

The Indian Railways, today has about 113,617 kilometres 

(70,598 mi) oftotal track over a route of 63,974 kilometres 

(39,752 mi) and 7,083 stations.It has the world's fourth 

largest railway network after those of the UnitedStates, 

Russia and China. The railways carry over 30 million 

passengers and 2.8 million tonsof freight daily. Despite 

boasting suchimpressive figures, we find that Indian rail 

network is still on the growthtrajectory trying to fuel the 

economic needs of our nation. Though we findrail transport 

in India growing at a rapid pace, the associated 

safetyinfrastructure facilities have not kept up with the 

aforementionedproliferation.  

Todemonstrate the gravity of the problem, many 

derailments occurred in the past, which leaves much to 

bedesired regarding rail safety. On further analysis of the 

factors that causethese rail accidents, recent statistics reveal 

that approximately 60% of allthe rail accidents have 

derailments as their cause, of which about 90% isdue to 

cracks on the rails either due to natural causes (like 

excessiveexpansion due to heat) or due to anti- social 

elements. These cracks andother problems with the rails 

generally go unnoticed due to impropermaintenance and the 

currently irregular and manual track line monitoringthat is 

being carried out in the current situation. 

The prompt detection of the conditions in rails that 

may lead to acrack or rather a break now plays a critical role 

in the maintenance of railsworldwide. Ultrasonics can only 

inspect the core of materials; that is, the methodcannot 

check for surface and near-surface cracking where many of 

thefaults are located. In addition, ultrasonic inspection of 

rails is usuallyrestricted to low speeds, which limits the 

viabilityof testing many tracks regularly. Many of the most 

serious defects that candevelop in the rail head can be very 

difficult to detect using the currentlyavailable inspection 

equipment. 

III. SMART FBG SYSTEM OF FRACTURE DETECTION 

A smart conditionmonitoring system would allow real-time 

andcontinuous monitoring of the structural andoperational 

conditions as well as monitoringof the structural health of 

rail tracks and the location. Ultimately track conditions to 

an„intelligent system‟ will herald a safer railwayindustry 

with reduced maintenance costs, optimizedperformance and 

capacity. Integration of smartcondition monitoring system 

and railway in one bigsystem makes „intelligent system‟ 

known as “SmartRailway”. Smart condition monitoring 

system forrailway application requires extensive 

sensornetworks (thousands of sensors) for measuring strain 

and temperature. The use ofconventional sensors would be 

very difficult andexpensive. Instead of this, Fibre Bragg 

grating sensors(FBG) could be used because they offer 

manyadvantages over classical electrical sensors: 

immunityto electromagnetic interference (EMI), long life-

time(more than 20 years), high precision, durability, 

nocalibration needed, and massive multiplexingcapability - 

hundreds of sensing points along a singlestrand of optical 

Fibre. 

Fibre Bragg grating (FBG) sensor technology has 

become one of the most rapidlyprogressing sensing topics of 

this decade in the field of optical Fibre sensors. FBG sensors 

arecurrently emerging from the laboratory to find practical 

applications. Rapid progress has beenmade in both sensor 

system developments and applications in recent years. In 

this paper basic workingprinciple of FBG sensors and its 

application in railway systems will be described. 
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IV. OBJECTIVE OF FBG SYSTEM 

Major objectives of proposed system is to record 

continuously strain and temperature signatures using optical 

sensing and transmitting from track to the different control 

points. The system design caters to flashing of precise 

location of Rail Fracture instantly to the person concern and 

control centre. Also continuous recording of strain signature 

and its data analysis after filtration and calibration can be 

utilised to indicate the threshold of strain with respect to 

temperature variations. Prediction of abnormal track stress 

behaviour can also result in precise location of accumulation 

of stress level due to temperature considering hysteresis and 

actual behaviour of Long Welded Rails (LWR). 

V. THE FBG SENSING CAPABILITY 

Exposure of optical Fibreto ultraviolet light induces a 

permanent change of therefractive index. This effect is used 

to write Bragggratings into Fibres which then can reflect 

very smallwavelength peaks. The wavelengths of these 

peakschange with temperature or when such Fibres 

arestrained. This effect can be used for measuring 

strain,vibration, temperature etc. 

VI. FIBRE BRAGG GRATING SENSORS 

The FBG is a short section in the core of an opticalFibre 

with periodic variations in the index of reflection(Fig.1). 

FBG sensors are based on the principle that theFBG is 

sensitive to the variation of the temperature and the stress. 

VII. STRUCTURE OF FIBRE BRAGG GRATING 

Bragg gratings are written into so called singlemodeFibres. 

These Fibres consist of a very small innercore of 4 to 9 μm 

diameter and an outer part(cladding) of pure glass (SiO2) of 

125 μm diameter.The core has a higher refraction index 

caused by highGermanium doping. The difference of 

refractionindexes between inner core and cladding causes 

thelight to propagate only inside the small core. 

 
Fig. 1: 

Fibre Bragg Grating (FBG) sensors are narrow-

band optical reflectors that are induced 

insidetelecommunication fibres using ultra-violet light to 

form permanent periodic refractive indexchange in the fibre 

core. FBG sensors reflect light with wavelength that satisfies 

the Bragg‟scondition. Strain induced to FBG sensor causes a 

shift in its Bragg wavelength. As a result,the sensors can be 

employed as highly sensitive strain gauges while the shift in 

wavelength isdetected through a FBG interrogator. As one 

FBG sensor only occupies a spectral width of 1 nmfor 

effective strain measurement, an interrogator with light 

source of 100 nm is able to cope with100 sensors 

simultaneously over a single strand of optical fibre. The key 

advantage of FBGsensors is that the measured strains are 

represented by the variations in wavelength, which is an 

absolute parameter and hence not subject to signal 

attenuation over distance. Immunity toelectromagnetic 

interference is a genuine bonus of FBG sensors, particularly 

for applications inan EM-hostile environment of electrified 

railways. 

VIII. OPERATING PRINCIPLE OF THE FBG SENSORS 

Operating principle of the FBG sensor system is shown in 

Fig. 

 
Fig. 2:  

 
Fig. 3: 

IX. SYSTEM ARCHITECTURE 

The set-up of the optical fibre sensing system is illustrated 

in Figure. The FBG sensors arefixed at the foot of the rail 

web while a number of sensors are induced on the same 

optical fibre. 

 
Fig. 4: 

A light source of specified bandwidth in the 

interrogator is fed into the optical fibre and thewavelengths 

of the reflected light are recorded by the interrogator. The 

data on wavelengthvariations are then transferred to a 

computer for processing and analysis. The interrogator is 

ableto serve a number of FBG sensors on the same optical 

fibre and there is no limitation on thedistance between the 
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sensors and the interrogator, which is particularly suitable 

for remotesensing. 

 
Fig. 5: 

From the server room SMS alerts will be sent to the 

line guards who will intern locate the discontinuity within 

specified range like 100m or 200 m depending upon gap 

between two sensors at Rail . 

X. ACTUAL TRIAL IN INDIAN RAILWAY 

For collecting data from a FBG sensor, it was installed in 

ayard line at Churchgate Stationof Western Railway for 

demonstrating the functioning of FBG system for Rail 

Fracture simulation. Sensors were fixed on a rail under 

artificial stressed condition using rail tensor. Rail fracture 

was artificially created by cracked rail. Signals of the rail 

under stressed condition are extracted to interrogator and 

interpreted on Graphic User Interface with the help of 

software.The sampling frequency at each sensor is 1kHz. 

Following is the representative sample of 

indication of strain signatures on real time screen using FBG 

system. 

Fig. 6: 

Strain record clearly indicated the abrupt change in 

strain level at the time of fracture. Even Temperature was 

being recorded during the process. Artificial increment and 

decrement were also sustained. Typical site conditions were 

also created by hammering the stressed rail simulating Flat 

tyre passing while rail is under strain. Visible strain 

signatures were recorded and data was also taken in M.S. 

Excel format for study. 

A. Atificial Variation of Strain Using Rail Tensor 

During trail several trails were tried like artificial response 

detection of strain while variation in strain levels in LWR in 

real like conditions as under. 
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Fig. 7: Artificial Strain Variation Using Rail Tensor 

 
Fig. 8: Artficial Decrement of Strain Simulation 

B. Flat Tyre Simulation Using Hammering Sequence 

After installation and testing of artificial variation detection, 

hammering sequence was done to simulate actual detection 

of Flat tyre incident of abrupt signature of hammering rail in 

derailments. 
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Fig. 9: Hammering of Rail for Simulating Flat Tyre 

C. Rail Fracture Simulation Using Arificial Craked Rail 

Pulled By Tensor 

Artificial Hair Cracked Rail was kept under stressed 

condition and stressed to the threshold of fracture. Before 

fracture, strain level were shown sustained increase in strain 

and also with respect to temperature. After threshold stress 

level Rail fractured and clear strain signature were recorded 

as result of release of energy.  

 
Fig. 10: Rail Fracture Simulation 

 
Fig. 11: Rail Fracture Incidence 

D. Data Collection And Interpretation 

The data of all simulation was recorded and stored in 

suitable MS Excel format files. Later on data was analysed 

and graph of incidence were plotted. 
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Fig. 12: 

 
Fig. 13: Rail Fracture Simulation Graph Adduced from Data 

Recorded 

XI. REAL TIME DATA ACQUISITION 

The peaks correspond to the instance of Rail Fracture and 

the change of wavelength is within 0.2nm(i.e. between 

1561.84nm and 1562.04nm) and the temperature is 

estimated continuously along with strain levels. As each 

FBG is inscribedwith a different reflected wavelength to 

cover the bandwidth of the light source, the absolutevalue of 

the wavelength range of each FBG sensor is different. It is, 

however, the variations ofwavelength which are of interest 

in this study as they represent the changes of strain at the 

railcontact point. The subsequent analysis hence focuses on 

the changes of reflected wavelengthdue to the change in 

strain levels artificially in this case and with respect to 

temperature in running track as well as condition based 

monitoring of LWR track including combined effect of its 

behaviour. 

It is important to note that the field measurement 

data exhibit very high signal-to-noise ratio evenwithout any 

signal processing. For the site simulation one signal as in 

Figure 2, the FBG interrogator may be located at a distance 

of 30m between the physical sensor and the interrogator. 

Another sensor may be installed at about 13.6 km from the 

interrogator.The signals collected, as shown in Figure 3, 

through the optical communication link along the track 

enables very much identical signal-to-noise ratio and thus 

signal quality despite thedistance. 

XII. ANALYSIS OF DATA 

The contents of frequency spectrum of the signals are 

investigated in the preliminary study. Asthe signals are non-

periodic, Wavelet Transforms are employed to extract the 

frequency spectrum. A set of decomposed signals at distinct 

frequency bands, which containsindependent dynamic 

information, is provided by Wavelet Transforms. 

Comparisons are thenconducted among the signals at the 

same decomposed frequency bands. Figure 4 illustrates 

anexample of the decomposed signals over the successive 

frequency bands. It is literally a spectralbreakdown of the 

original signal over the successive frequency bands and the 

details of thecontents in the frequency bands are given as 

time waveforms. The lowest decomposedfrequency band 

attained here covers the frequency range of 2.6-5.2 Hz. It is 

possible to gobelow this frequency range, but further 

decomposition may not be able to offer more 

usefulinformation as the number of samples shrinks while 

de-sampling continues with eachdecomposition level 

through Wavelet Transforms. 

 
Fig. 14: Time 

XIII. FILTERATION THROUGH NEURAL NETWORK SYSTEM 

OR SOFTWARE 

Neural network enables pattern recognition while allowing 

for imprecision in the data.They work as memory which 

associates input patterns with corresponding output decision 

andthe memory is trained by selected patterns. Neural 

network is robust and flexible enough to caterfor variations 

or even exceptions in the signals. Thresholds and reference 

values are not requiredand the performance depends on the 

quality of training data and the network structure. 

Neuralnetwork is thus a promising tool for this application. 

The signal pattern recognition at eachdecomposed frequency 

band calls for an independent neural network and the overall 

decision isdetermined collectively by the outputs of all the 

neural networks.The signal signature on a rail-wheel 

interaction may not be fully discovered yet because 

thedecompositions through frequency bands with Wavelet 

Transform are limited by the number ofsample points 

available. Part of the signature may be buried in the lower 

frequency bands thanthis study reaches. When train speed 

increases, the signal duration is shorter and the number 

ofsample points for the low frequency bands is even smaller. 

A simple solution is a highersampling rate at each sensor. 

This study only examines the signals from healthy 

rails so far as they are the only available onsitemeasurement 

data. Signatures (or their changes) in the signals due to 

defects on rails or evendifferent types of defects are useful 

to identify the key areas in the signal patterns 

forcomparisons. 
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XIV. PRESENT APPLICATIONS OF FBG SENSOR ARRAYS IN 

RAILWAYS 

Over the past couple of years, the Department of Electrical 

Engineering at theHong Kong Polytechnic University has 

been conducting several collaborative R&Dprojects with the 

Kowloon-Canton Railway Corporation (KCRC) employing 

FBGsensor arrays for temperature and strain measurements 

on train wagons, bogies andrail tracks using FBG 

interrogators and sensing instrumentation developed 

byMicron Optics Inc. of Atlanta, GA, USA. The ultimate 

goal of these projects is todevelop the world‟s first “Smart 

Railway Sensor Network” by incorporating opticalsensory 

nerves at various parts of the railway networks. 

 
Fig. 15 

 
Fig. 16: 

 
Fig. 17: 

Application of FBG system monitoring provides 

continuous and real-timedata  acquisition and autonomous 

data acquisition (no supervisionis required); increased 

frequency of monitoring comparedwith manual inspection; 

improved data accessibility, data management,and data use 

compared with non-networked systemsas all data can be 

collected and processed centrally; the abilityto combine data 

from a wide variety of sensors; intelligentanalysis of data to 

“predict and prevent” events using intelligentalgorithms; the 

ability to turn data into information about thestatus of 

important structures, infrastructure and machinery;and, a 

global data view that allows trending information tobe 

determined where degradation is happening slowly over 

arelatively long period of time. 

XV. CONCLUSION 

This paper presents a feasibility study on applying FBG 

sensors to detect rail defects throughanalysing the signals on 

rail-wheel interactions. Signal processing techniques have 

been adoptedto extract the signatures and conduct 

comparisons. It has been established that the 

signalsignatures on healthy rails are similar to a certain 

extent. However, the variations in the signalsdue to changes 

in operation conditions not related to the health state of the 

rails lead todifficulties in establishing clear-cut thresholds to 

single out defects. Detection through patternrecognition on 

signals in a number of decomposed frequency bands has 

then been suggested anddiscussed. 
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