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Introduction
®

* There are several well established parameters for the assessment of
railway track support conditions, namely: |

* Vertical track stiffness R ¥ clamp e

* Track geometry m m
shoulder Ballast shoulder

* Track defects i s ]

T Sub-ballast

—
Embankment

Substructure | Superstructure

Subgrade

) Natural ground
Yy Y¢ -

* These parameters are adequate to assess superstructure condition,
but can leave the track subgrade mostly unmonitored.
* This is particularly relevant in vehicle-based track monitoring methods.
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Novel track monitoring methodology

* The methodology is based on modal analysis of the characteristic
frequencies of the multi-element system composed by a railway
vehicle and a railway infrastructure.

* This means that changes in the physical properties of the

. . j . m, — Vehicle _txz
railway infrastructure under analysis can be monitored by Sprung Mass
analysing the dynamic response of this combined system. % e
5~ enicle
Suspension System

m, — Vehicle A x

* An important feature of the proposed methodology Unsprung Mass + |

Infrastructure Mass

is that it should be able to assess the conditions of §

k1 — Infrastructure
Modal Stiffness

the subgrade layer of a railway infrastructure.
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Novel track monitoring methodology

* The methodology uses a two Degree-of-Freedom model to describe
the instrumented railway vehicle and the railway infrastructure.

* The railway vehicle is the observation point for data collection.

* This model has two characteristic frequencies (w, and w,), . - Vehick Ax,
that are related with these four modal parameters. Sprung Mass
* w, is related with the modal properties of the infrastructure. % . — Vehicle
* W, is related with the modal properties of the vehicle. Suspension System

* The main concept of this model is that by monitoring | ™Y | Ax

Unsprung Mass +

frequency w,, information related with track support L fesueue tass
conditions can be obtained. § K, - Infrastructure

Modal Stiffness
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Novel track monitoring methodology

* An important aspect of the methodology that needs to be validated is
the assessment of track support conditions of a railway infrastructure
section through its characteristic frequencies.

m, — Vehicle _‘LXZ
Sprung Mass
* Specific points under assessment: o
* If a single dominant resonance frequency related with the % Suspension System
dynamic response of a railway infrastructure section exists; m, — Vehicle A x
* If this dominant resonance frequency is observable in data | nmeereree |
collected with an instrumented railway vehicle. § . — Infrastructure
Modal Stiffness
7.
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Simpack® numerical model

* A Simpack® model containing a railway vehicle and a railway
infrastructure was assembled:

* The vehicle model represented a typical passenger carriage with two bogies;

* The railway infrastructure was described by two rails and one moving sub-
system (one sleeper and two cylinders to represent infrastructure layers).
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Simpack® numerical model

* The model had a simple track cartographic profile just to
demonstrate that these parameters do not interfere with the
frequencies of interest.

* The overall track length of the model was 2000 m.

Vehicle Parameters Value
Car body mass 35000 kg
Bogie mass 2615 kg
Axle mass 1200 kg
Primary suspension stiffness 1.82 kN/mm
Secondary suspension stiffness 6.43 kN/mm
Primary suspension damping 42000 Ns/m
Secondary suspension damping 25000 Ns/m
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Simpack® numerical model

 Distance-based track stiffness variation profiles were imposed on the
infrastructure spring elements to create the testing scenario.

Infrastructure Parameters Value
Subgrade layer mass 13770 kg
Ballast layer mass 3098 kg
Sleeper mass 330 kg
Layered elements diameter 3m
Subgrade layer height 1m
Ballast layer height 0.3m
Sleeper spacing 0.5m
Subgrade layer spring element stiffness 150 kN/mm
Ballast layer spring element stiffness 450 kN/mm
Sleeper spring element stiffness 225 kN/mm
Layered elements damping 37600 Ns/m
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Simpack® numerical model

* The simulation was done using a sampling frequency of 1000 Hz and
a run-time of 160 s.

* The model had virtual accelerometers placed on three positions:
* Frontal axle of the vehicle;
* Frontal bogie;

* Vehicle car directly above the
frontal bogie.
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Results

* Frequency results will be shown in spectrogram form.

 All data will be presented in the space domain.

* Note: The characteristic frequencies of a linear mechanical system
are independent of the excitation signal’s characteristics.

* In this context, this means that the system’s natural frequencies are
independent of the vehicle’s running speed.
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Results

-
(9]

* F,, — Speed dependant frequency

* F,, — Speed independent frequency
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Results

1t Mode - 14.11 Hz 2" Mode - 47.47 Hz 3" Mode - 85.28 Hz

* These three F, curves correspond
to three different modes of vibration
from the infrastructure elements
coupled with the unsprung mass
of the vehicle.

" Ballast Layer : Ballast Layer ' Ballast Layer

* Furthermore, the first vibration mode " |
appears to correspond to the intended
behaviour of the theorized dominant
resonance frequency.

v
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Conclusions

* A numerical simulation test was implemented to validate some
relevant aspects of a new track monitoring methodology.

* The intent of this simulation was to check whether a dominant resonance
frequency from a railway infrastructure could be identified and be reliably
observable from the point of view of a moving instrumented railway vehicle.

* Results demonstrated that a dominant resonance frequency, strongly
related with the track stiffness of the subgrade layer, was observable
on acceleration data collected with an instrumented railway vehicle.
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Thank you for your attention.

* Railway Track Support Condition Assessment - preliminary
validation tests using a multibody simulation software

* Joao Miguel Silva Morais — jmorais@Inec.pt
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