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Detecting Cracks n Metallic Structures:
Ensurng Rail Transport Safety

Mamtaming the structural mtegrity of raillway rails is crucial
for safe and efficient rail transport. Early detection of cracks
in the metal is essential, as these flaws can compromise the
rails and lead to catastrophic failures if left unaddressed.




Factors Contributing to Crack Development

Service Loads

Repeated impact and stress from trains
passing over the rails can lead to fatigue

and the formation ofcracks over time.
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Environmental Stresses

Exposure to weather elements, such as
temperature fluctuations and moisture, can

exacerbate crack initiation and growth.

Manufacturing Defects

Imperfections in the metal's structure
during the production process can create

weak points susceptible to cracking.
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lex Loading Conditions m Rai Operation

Compressive Loads Cyclic Stresses
The weight of trains exerts significant compressive forces on The repeated passage oftrains subjects the rails to cyclic
the rails, leading to potential crack initiation. loading, which can propagate existing cracks over time.
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Preventing Rail Accidents Through
Advanced Inspection

Microwave and mm Wave NDT

. Innovative microwave and millimeter wave

Regular Maintenance . o
techniques can non-invasively detect surface

Vital to prevent accidents, reduce repair costs, and surface defects without damaging the rails.

extend rail lifespan.

Traditional Inspection Limitations

Highlighting the need for advanced, non-

/ \ destructive techniques. ®
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Traditional NDT&E Methods

Visual Inspection

Trained mspectors conduct thorough
visual examinations to identify cracks

and other surface defects.
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Dye Penetrant Testing

A colored dye is applied to the surface,
which penetrates into cracks, making

them visible for inspection.

Ultrasonic Testing

High-frequency sound waves are used to
detect and measure the depth of

subsurface defects.
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Non-Standard Crack Detection Techniques

Microwave and Millimeter-Wave 1

These emerging techniques measure changes in the complex

reflection coefficient, providing detailed information about

The advanced technologies have significantly improved the
sensitivity and resolution of crack detection compared to
Ongoing Developments 3 traditional methods.

Researchers continue to innovate and refine these non-
standard techniques to further enhance the accuracyand

effectiveness of crack detection.
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Study Methodology:Phases
and Equipment

] Existmng Techniques 2 Advantages and
Examined the current state of Limitations
the art in microwave-based Identified the strengths and
non-destructive testing weaknesses of microwave
methods and their NDT compared to other NDT
applications. techniques for metallic
surfaces.

3 Emerging Research

Explored recent advancements and innovative approaches in the

field of microwave NDT technology.
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Iterative Approach to System Development

1 Requirements De finition

Established the technical specifications and performance criteria for

the microwave NDT system based on industry needs.

9) Prototyping and Testing

Developed and refined multiple prototypes, conducting rigorous

testing and evaluation to optimize the system design.

3 Validation and Feedback
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Collaborated with industry partners to validate the system's

capabilities and incorporate their feedback into the final design.




Expermental Setup and Process
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Measurement Techniques

The network analyzer provided detailed insights into

the signalreflection characteristics, enabling

comprehensive analysis of the system's capabilities.

To

rrradiation angle, we implemented a modified VEVOR

Precise Positioning

ensure accurate control of the position and

CNC 3018 Pro positioning system.

The tests were conducted on F114 steelsheets, both
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Test Samples

with and without laser-cut cracks, to evaluate the

system's performance in realistic scenarios.

N
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Data Processing and Frequency Analysis

Prelimmary Magnitude Response of S11 for Crack Detection
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Results 2/ 3

Measure the area

Start The algorithm begins | — under the curve )
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Results 3/ 3

Crack Alarm Activation Based on Consistent Multi-Frequency Detection
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Conclusions

Validation of Measurement principle

. R lutionizing Mamtenan
The study confirms the effectiveness of rectangular cvolutio g Mamicnance

waveguides in the Ka band for detecting and characterizing Implementing an autonomous microwave-based inspection
cracks in steelrails. Variations in the S11 parameter's system could revolutionize railway maintenance by
magnitude and phase accurately indicate the presence of improving early crack detection, enhancing safety, and
cracks,allowing detection of defects of various sizes. reducing maintenance costs.

Enhanced Accuracy

/ \ The methodology enhances crack detection accuracy while ®
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Future Research Directions
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Radiation and signal
sensing

Power supply and
auxiliary electronics

Signal generation

Signal processing

Positioning and
communications

Analysis and
detecion

ceit

MEMEER OF
BASGUE RESEARCH
& TECHNOLOGY ALLIANCE



am’Rail

An Innovative Non-Destructive Method using
Ka Band Microwaves for Rallway Inspection

Eskerrik asko (Thank you)

. .'-.'._‘.\‘\.\‘:‘
MEMBER OF -
BASQUE RESEARCH
& TECHNOLOGY ALLIANCE

—uropes rail

Co-funded by
the European Union

Funded by the European Union. Views and opinion expressed are however those of the author(s) only and do not necessarily reflect those of the European Union. Neither the
European Union nor the granting authority can be held responsible for them. This project has received funding from the European Union's Horizon Europe research and innovation
programme under Grant Agreement No 101101966.




	������An Innovative Non-Destructive Method using Ka Band Microwaves for Railway Inspection���
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	Número de diapositiva 5
	Número de diapositiva 6
	Número de diapositiva 7
	Número de diapositiva 8
	Número de diapositiva 9
	Número de diapositiva 10
	Número de diapositiva 11
	Data Processing and Frequency Analysis
	Results 1/3
	Results 2/3
	Results 3/3
	Número de diapositiva 16
	Número de diapositiva 17
	������An Innovative Non-Destructive Method using Ka Band Microwaves for Railway Inspection��Eskerrik asko (Thank you)����

