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De te cting  Cracks in Me tallic  Structure s: 
Ensuring  Rail Transport Safe ty

Maintaining the struc tural inte grity of railway rails is crucial
for safe and e ffic ie nt rail transport. Early de te c tion of cracks
in the m e tal is e sse ntia l, as the se flaws can com prom ise the
rails and le ad to catastrophic failure s if le ft unaddre sse d .

INTRODUCTION



Factors Contributing  to Crack De ve lopm e nt

Se rvice  Loa d s

Re pe ate d  im pact and  s tre ss  from  tra ins 

passing  ove r the  ra ils  can le ad  to fa tigue  

and  the  form ation of cracks ove r tim e .

Environm e nta l St re sse s

Exposure  to we athe r e le m e nts , such as  

te m pe rature  fluctuations and  m oisture , can 

e xace rbate  crack initia tion and  g rowth.

Ma nufa c tu ring  De fe c ts

Im pe rfe ctions in the  m e tal's  s tructure  

during  the  p roduction p roce ss  can cre ate  

we ak points  susce p tib le  to  cracking .



Com ple x Load ing  Cond itions in Rail Ope ration

Compressive Loads

The  we ight of trains e xe rts  s ignificant com pre ssive  force s on 
the  rails , le ad ing  to pote ntial c rack initia tion.

Cyclic Stresses

The  re pe ate d  passage  of trains sub je c ts  the  rails  to cyclic  
load ing , which can p ropagate  e xisting  cracks ove r tim e .



Pre ve nting  Rail Accide nts Through 
Advance d  Inspe ction

Regular Maintenance

Vital to prevent accidents, reduce repair costs, and 

extend rail lifespan.

Traditional Inspection Limitations

Highlighting the need for advanced, non-

destructive techniques.

Microwave and mm Wave NDT

Innovative microwave and millimeter wave 

techniques can non-invasively detect surface 

surface defects without damaging the rails.
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Trad itional NDT&E Me thods

Visual Inspe ction

Trained ins pectors  conduct thorough 
vis ual examinations  to identify cracks  
and other s urface defects .

Dye  Pe ne trant Te sting

A colored dye is  applied to the s urface, 
which penetrates  into cracks , making 
them vis ible for ins pection.

Ultrasonic  Te sting

High-frequency s ound waves  are us ed to 
detect and meas ure the depth of 
s ubs urface defects .



Non-Standard  Crack De te c tion Te chnique s

1Microwave  and  Millim e te r-Wave

Thes e emerging techniques  meas ure changes  in the complex 
reflection coefficient, providing deta iled information about 

crack geometry. 2 Enhance d  Se nsitivity

The advanced technologies  have s ignificantly improved the 
s ens itivity and res olution of crack detection compared to 
traditional methods .3Ongoing  De ve lopm e nts

Res earchers  continue to innovate and refine thes e non-
s tandard techniques  to further enhance the accuracy and 

effectivenes s  of crack detection.



Study Me thodology: Phase s 
and  Equipm e nt

1 Existing  Te chnique s

Examined the current s tate of 
the art in microwave-bas ed 
non-des tructive tes ting 
methods  and their 
applications .

2 Advantage s and  
Lim itations

Identified the s trengths  and 
weaknes s es  of microwave 
NDT compared to other NDT 
techniques  for metallic 
s urfaces .

3 Em e rg ing  Re se arch

Explored recent advancements  and innovative approaches  in the 
field of microwave NDT technology.



Ite rative  Approach to Syste m  De ve lopm e nt

1 Re quire m e nts De finition

Es tablished the technical specifications  and performance criteria  for 
the microwave NDT sys tem based on indus try needs .

2 Prototyp ing  and  Te sting

Developed and refined multiple prototypes , conducting rigorous  
tes ting and evaluation to optimize the sys tem des ign.

3 Validation and  Fe e dback

Collaborated with indus try partners  to validate the sys tem's  
capabilities  and incorporate their feedback into the final des ign.



Expe rim e ntal Se tup  and  Proce ss
1Me asure m e nt Te chnique s

The network analyzer provided detailed ins ights  into 
the s ignal reflection characteris tics , enabling 

comprehens ive analys is  of the s ys tem's  capabilities .

2Pre cise  Positioning

To ens ure accurate control of the pos ition and 
irradiation angle, we implemented a modified VEVOR 
CNC 3018 Pro pos itioning s ys tem.

3Te st Sam ple s

The tes ts  were conducted on F114 s teel s heets , both 
with and without las er-cut cracks , to evaluate the 

s ys tem's  performance in realis tic s cenarios .



Data Proce ssing  and  Fre que ncy Analysis

Pre lim inary Phase  Re sponse  of S11 for Crack De te ction

Pre lim inary Magnitude  Re sponse  of S11 for Crack De te ction



Re sults  1/ 3

Magnitude  of S11 Phase  of S11



Re sults  2/ 3

Phase  Re sponse  of S11 for Crack De te ction



Re sults  3/ 3
Crack Alarm  Activation Base d  on Consiste nt Multi-Fre que ncy De te ction



Validation of Me asure m e nt p rincip le

The s tudy confirms  the effectiveness  of rectangular 
waveguides  in the Ka band for detecting and characterizing 

cracks  in s teel rails . Variations  in the S11 parameter's  
magnitude and phas e accurately indicate the pres ence of 

cracks , allowing detection of defects  of various  s izes .

Enhance d  Accuracy

The methodology enhances  crack detection accuracy while 
reducing fals e pos itives , which is  critical for s afe and 

efficient railway maintenance.

Re volutionizing  Mainte nance

Implementing an autonomous  microwave-bas ed ins pection 
s ys tem could revolutionize railway maintenance by 

improving early crack detection, enhancing s afety, and 
reducing maintenance cos ts .

Conclusions
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Future  Re se arch Dire c tions



An Innovative  Non-De structive  Me thod  using  
Ka Band  Microwave s for Railway Inspe ction

Eske rrik a sko (Thank you)
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