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short-pitch corrugation (Source: Correa, 2011)

Presenter
Presentation Notes
The topic was raised, if the high frequency excitation (caused by short-pitch corrugation) leads to resonance effects that damage the railway fastening systems (clamps)
Experimental and theoretical investigations



I: The Impact of High-Frequency Vibration on Fastening Systems
• Dynamic behavior of fastening clamps (eigenmodes)
• Compare eigenfrequencies with excitation frequencies

II: Countermeasures to Avoid Deterioration of Clamps
• Dynamic absorbers
• Modifications to the geometry of clamps
• Modifications to the angle guiding plate
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Outline

Presenter
Presentation Notes
First part of the presentation: „present situation“ and the development of a calibrated FEA model.
Second part: Three different measures how to avoid the deterioration of clamps



Laboratory Tests to Determine the Eigenmodes
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To determine the eigenfrequencies and the 
corresponding deformation

Specimen:
• Single support point
• System 300 mounted

Test equipment:
• Laser Doppler Vibrometer
• Excitation via impact hammer

Dynamic Behavior of Skl 15 – Lab Testing

Presenter
Presentation Notes
Goal is to get the eigenfrequencies and the corresponding deformation (eigenmodes)
Test equipment: laser vibrometer for contact-free measuring  No falsification of results due to additional masses (e.g. attached sensors)
Excitation via impact hammer at 20 different spots along the clamp‘s surface
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Dynamic Behavior of Skl 15 – Lab Testing
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Eigenmode at 570 Hz consists of a 
combination of a sliding movement
and a tilting movement

Frequency Response Function

Laboratory Tests - Results

Actual deformation (lab testing)

Presenter
Presentation Notes
Results of the lab-testing are Frequency Response Functions, that show at which frequencies are the largest deformations
One major peak at around 570 Hz  Eigenfrequency (largest deflections)
Lab-testing also revealed the deformation of the clamp at 570 Hz: a combination of a sliding motion of the arms and a tilting/rotational motion
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Finite Element Analysis – Model setup

Dynamic Behavior of Skl 15 - FEA
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Presenter
Presentation Notes
Next step is the development of a FEA model
The lab-testing helps to calibrate the model
With this model, different measures can be evaluated later on.
Most difficult part of the model setup are the contacts: The friction between clamp and the railfoot has been simulated with a spring (The reason is that the Modalanalysis in ANSYS is a linear calculation method that doesn‘t allow contacts with a friction coefficient)
To get the right spring coefficient k the results of lab-testing (laser vibrometer) was used. The spring coefficient k matches observations made in standardized european tests for the determination of the longitudinal rail resistant
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Calibrated FEA model - First Eigenmode (570 Hz)

Dynamic Behavior of Skl 15 - FEA

Presenter
Presentation Notes
Final model matches the observation made before: Matching deformation pattern at a frequency of 570 Hz.



Excitation frequency:

ferr [Hz]

Imperfections L [mm]

sleeper spacing 600

long-pitch corrugation 80 – 300

short-pitch corrugation 30 – 80 
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Excitation Frequencies due to Rail Defects
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Presenter
Presentation Notes
Question is which excitation frequencies are caused by short-pitch corrugation
Short-pitch corrugation is a phenomenon that leads to a wave-like unevenness along the railhead (in longitudinal direction)
The excitation frequency relates to the spacing of the rail defects and the train speed
Picture shows the linear relation of the three parameters
Black curve in the picture is the result from our lab-testing  one can see that it‘s a realistic scenario for high speed railway that the excitation frequency matches the eigenfrequencies

Since there are several „lower“ excitation frequency, we propose that the best strategy to deal with this topic is to raise the eigenfrequencies of the clamps.
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• Fastening clamps of the type Skl 15 have a first eigenfrequency at 570 Hz
• At the first eigenfrequency the arms of the clamps show a sliding and tilting-

motion
• This eigenmode leads to additional stresses at the bending of the arms of the 

clamps

• Short-pitch corrugation leads to vibrations in the railway superstructure, which 
can match the eigenfrequencies of the railway fastening clamps

• To avoid deterioration of clamps, the project proposes different measures that 
influence the dynamic behavior of the railway fastening clamps 

Dynamic Behavior of Skl 15 – Summary: 



Design of countermeasures based on the calibrated FEA model:
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Possible Countermeasures to avoid Deterioration

FEA Model

Dynamic 
Absorber

Modified
Geometry

Modified Angle 
guiding plate

Lab testing

MATLAB-tool:
Optimized geometries

Presenter
Presentation Notes
Based on the FEA model that was just presented, different measures were investigated.
These include:
Dynamic absorber / additional elements attached to the clamp that neutralize the eigenfrequencies of the clamp
Different modifications to the geometry of the clamp itself, that lead to higher eigenfrequencies
Modifications to the geometry of the angle guiding plate that result in a modified bearing of the clamp (again higher eigenfrequency of the clamp)

First the efficancy of the measures was tested in FEA simulation
For the dynamic absorber and the modified angle guiding plate we also designed prototypes that were successfully tested in the laboratory.
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Dynamic Absorber - Theory
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Presenter
Presentation Notes
A dynamic absorber is an additionally installed element that is capable to neutralize the eigenfrequency of a component
In theory the absorber is designed that it‘s eigenfrequency matches the one of the component it‘s attached to

In our case the absorber consists of an outer-ring made out of metal and an inner-ring that idealizes the spring.



Experimental testing in the laboratory
reveals a good efficacy of the absorber
elements:

FEA Design of vibration absorbers resulted
in first prototypes

First prototypes during laboratory tests
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Dynamic Absorbers Neutralize Vibrations
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Presenter
Presentation Notes
In FEA simulation we investigated different combinations of masses (weight of the metal ring) and spring coefficients (elastic inner ring)
Prototypes were tested in the laboratory

Figure on the right side shows the efficacy of the measure. Black curve is the original clamp without absorber and the colored lines show the results of the same clamp, now with different types of absorbers attached to the clamp



A MATLAB-tool allows us to make rapid modifications to the geometry of the clamp to optimize
the dynamic behavior (increasing the first eigenfrequency by decreasing the mass moment of
inertia)
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Modifications to the Geometry of Clamps
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Presenter
Presentation Notes
Another option to raise the eigenfrequencies of the clamp is a modification of the geometry

As part of the project we developed a tool in MATLAB that allows us to make rapid changes to the geometry of a clamp and then import it into the FEA-software ANSYS.
These modifications include changes in the curvature of the springarms etc.

One part of the deformation of the eigenmode is a tilting/rotational motion of the arms. To increase the eigenfrequencies you have to decrease the mass moment of inertia. To achieve this you have to move the masses of the spring arm to the rotational axis of the arms (massen zur Kippachse hinbewegen).
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Modified Geometries Increase the
Eigenfrequencies of Clamps

The project proposes modified geometries of fastening clamps. The new geometries lead to
higher eigenfrequencies, while the spring characteristics of the clamps are maintained. 
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Skl 15
Skl 15 Variation I

Skl 15 Variation II
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Presenter
Presentation Notes
One way to decrease the mass moment of inertia (and increase the eigenfrequencies) is to lower the height of the arms of the clamp.
The black curve is the original geometry
The blue curve in the figure shows a clamp with the height of the arms being decreased to 50% of the original height (which increases the eigenfrequency to around 645 Hz  increase of 15%)

If you lower the height of the arms, the clamp gets stiffer in the lateral direction. To avoid higher stresses, the red curve shows a variation of the clamp with a lower height of the arms and a larger radius of the arms (making the arm softer again concerning a lateral deformation).
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Design of a Modified Angle Guiding Plate

Increasing the bearing surface raises the eigenfrequencies
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Presenter
Presentation Notes
Another measure is the modification of the angle guiding plate.
FEA simulation showed that if you increase the bearing surface of the clamp on the angle guiding plate, you also increase the eigenfrequency of the clamp
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Prototype of a Modified Angle Guiding Plate
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Presenter
Presentation Notes
Design of a prototype
Laboratory tests with a modified angle guiding plate: epoxy material to model the different bearing

Results in the right figure show that the eigenfrequency can be increased and also the magnitude of the deflections go down (intensity)



Summary – Results:
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Summary – Results:
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To avoid deterioration caused by resonance effects, different measures were proposed. All 
measures influence the dynamic behavior of the clamps and showed a good efficacy in lab 
testing and simulation.
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To avoid deterioration caused by resonance effects, different measures were proposed. All 
measures influence the dynamic behavior of the clamps and showed a good efficacy in lab 
testing and simulation.
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To avoid deterioration caused by resonance effects, different measures were proposed. All 
measures influence the dynamic behavior of the clamps and showed a good efficacy in lab 
testing and simulation.
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