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Condition monitoring for switches and crossings (S&Cs)
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Towards diagnosis of S&Cs

Vibration data for 
loaded and unloaded 

track

System identification 
of black-box model

Statistical analysis of 
relevant signals

Algorithms for 
change detection

Ballast monitoring
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Maintenance cost for European 
countries (2012 data)
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Motivation

• Each year 1/3 of the total 
track maintenance cost is 
spent on turnouts (2012).

Banedanmark
[1]

• 31% of the track-related 
derailments are due to 
S&Cs malfunctioning in 
Great Britain (2009-2014).

RSSB

[2]

• Ballast degradation is the 
3rd most important 
component affecting the 
turnouts performance with 
a failing frequency of 
7.9%.

Failure data 
recorded in 

the UK (2009) 
[3]
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Presentation overview 
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• Problem definition and review of methodologies

• Receptance test

• Eigensystem realization algorithm method (ERA)

• Low-complexity behavioral model

• Model validation

• Future works 
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Problem definition
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Railway infrastructure 
(Rail, sleepers and ballast)

Damaged ballast
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Methodologies for ballast monitoring

Ballast 
monitoring

Cone penetration 
test (CPT)

Visual 
inspection

Ground 
penetrating radar 

(GPR)

Locating ballast 
damage,
frequency range 
electromagnetic 
waves

effective in 
detecting surface 
damages

Destructive test
Time consuming
Affects train 
operation
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Instrumental Methodologies Model-based methodologies

Finite element methods (FEM)

Multibody simulation        
(MBS)

Complex mathematical models
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Sensor placement
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Receptance test
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Overview of the turnout at 
Tommerup station

Setup for the receptance test 
including hammer and 

accelerometers
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Receptance test
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Model identification approach
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ERA Method
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ERA Method
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Selected identification data set

Low-complexity behavioral model 

Power spectrum based on the average of all 
measured responses
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Low-complexity behavioral model 
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Low-complexity behavioral model 

Identified models characteristics validation data compared with the 
identified model
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Model validation

IC4 train, 110km/h
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Conclusion

• 4-th order model has been identified representing the vertical track dynamics

• Eigenmodes of track components (railpad & ballast) were found 

• Less computational time compared to FEM and MBS, reduced number of parameters, 
portable tool (P&P)  

• The identified model was validated

• The dominant behavior of the track response to train excitation was estimated

• The robustness of the identified model was validated by comparing the identified 
model with a pool of ten different passenger trains 
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 Using the proposed identification method for the track response to different
train passages, no need to do the receptance test.

 Long- term monitoring (recursive estimation) of the model natural frequencies
and damping ratio provides valuable insights into ballast layer deterioration.

 The identification of the 4-th order model opens opportunities for the
development of a condition monitoring system to supervise the occurrence of
degradation affecting the ballast layer and the railpads.

19

Future works
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Thanks for your 
attention
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