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(57) Abrege/Abstract:
Systems and methods for detecting in motion railcar seismic data generated by defective railcar axles of a train traveling on a track.

The method uses two or more seismic sensors on the side of the track to capture seismic noise generated by railcar wheels. A
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(57) Abrege(suite)/Abstract(continued):

wheel that exceeds a preset seismic noise threshold in amplitude, will trigger a wheel tracking algorithm that calculates seismic
phase shift data related to the actively tracked wheel noise level, to determine the precise location, In real time, of the faulty wheel
carriage while moving. Knowing the precise location of the tracked wheel allows the system to isolate the railcar and capture the
rallcar and wheel carriage identification information.

Subsequently, a railcar log Is made on a computer database with the railcar identification information and made available to control
centers via ground or satellite links.
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Automated in motion railway seismic wheel failure
detection system

Abstract Of The Disclosure

Systems and methods for detecting in motion railcar seismic data generated by
defective railcar axles of a train traveling on a track. The method uses two or more
seismic sensors on the side of the track to capture seismic noise generated by rallcar
wheels. A wheel that exceeds a preset seismic noise threshold in amplitude, will
trigger a wheel tracking algorithm that calculates seismic phase shift data related to
the actively tracked wheel noise level, to determine the precise location, in real time, of
the faulty wheel carriage while moving. Knowing the precise location of the tracked
wheel allows the system to isolate the railcar and capture the railcar and wheel carriage
identification information.

Subsequently, a railcar log is made on a computer database with the railcar identification
information and made availabie to control centers via ground or satellite links.
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Technical Field Of The Invention

The present invention relates to a sensing and communication system that monitors
railcar wheel seismic noise levels in real time while moving along a train rail track.
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Background Of The Invention

Rail is an ever expanding and increasingly important method of transporting goods and
people. With the ever expanding urban areas, existing railways often carry hazardous
materials very close to urban areas. Train derailments, the added danger of hazardous
material contaminants, and the risk of explosions can be very costly to society and
fragile ecosystems, and may cause irreversible damage to the environment and aquatic
life. Fauity railcar wheel carriages also greatly contribute to noise pollution in densely
populiated urban areas.

Existing methods of inspecting railcars which are stationary, make it very difficult and
time consuming to detect railcar axle and wheel deformations that can only be effectively
detected if the railcar is moving. Installing vibration sensors on the railcar itself is costly
and requires regular maintenance and calibration.

The invention is directed to cost effectively and with relative ease track the state of
railcars. It provides a low cost inspection solution to scan railcars for compliance In order
to mitigate the risk of environmental damage caused by deraiiments, and to lower train
noise levels.

Since the invention works on the principle of seismic ground wave phase analysis, the
sensors do not have to be installed on the rail track but can be installed within a
convenient distance parallel to the track. The system can be installed as a permanent
installation or through mobile deployable stations.

These sensor stations can then be deployed strategically across major rail arteries.
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Summary Of The Invention

Systems and methods pertain to the detection of seismic noise generated by in motion
railcars linked together in a train traveling on a track. The method uses at least two
selsmic sensors on the side of any rail track to capture seismic noise generated by
railcar wheels. A wheel that exceeds a preset seismic noise threshold in amplitude will
trigger a wheel tracking algorithm which calculates seismic phase data related to the
actively tracked wheel noise interval, to determine the precise location of the faulty
wheel or axle carriage in real time, and use this information to predict where exactly the
wheel will be while within the bounds of the seismic sensors. Knowing the precise
location of the faulty wheel in real time, allows the system to capture the railcar and
carriage identification information while discriminating against background seismic noise.

The seismic phase information makes it possible to synchronously strobe and trigger
digital cameras or sensors to record information on a specific tracked wheel carriage
under investigation.

Subsequently, a railcar identification data recording is made on a computer database
and made available to control centers.

The benefit of this system Is a very cost effective highly accurate solution to monitor
rallcar compliance.
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Brief Description Of The Drawings

Fig. 1 is a schematic view of the rail monitoring system block diagram made In
accordance with the present invention;

Fig. 2 is a schematic view of the seismic sensors relative to the railcar as it pertains to
the phase measurements at three different points in time; and

Fig. 3 is a schematic view of the signal detection, envelope recording and calculating
the phase difference relationship for each seismic event interval.
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Detailed Description Of The Invention

With reference to the drawings and, in particular, with reference to Figs 1-3, the present
invention is a system that in real time monitors and detects railcars in motion for noisy
and potentially faulty wheels causing major seismic ground waves. Starting with Fig. 1,
to measure these ground waves and in order to precisely locate and track a noisy wheel
2 that exceeds a set seismic noise amplitude threshold 40, we need at least two seismic
sensors 5, 6 on the side of a rail track 4 in order to measure the phase 45 of the
approaching signal source 2, 42 of interest caused by a wheel and discriminate against
background noise. These seismic sensors 5, 6 can be embedded in the ground in a
place with good seismic ground wave propagation on the side of a rail track or attached
directly to a rail track.

Each seismic sensor has a fast acting analog to digital signal processing unit 9, 11 that
s identically calibrated to give the exact same signal amplitude for a given seismic
impulse event 42, 48 when placed identical distances 23, 21 from the seismic sensors
25, 26.

As the railcar moves along the track past the sensors, each sensor will then record the
same analog seismic wave, however the seismic wave envelopes 43, 44 will be out of
phase 20, 45 due to the time delay of the seismic wave propagation as illustrated in
Fig.3, where the first sensor signal is represented by impulse 43 and the signal for the
second sensor represented by impuise 44. The main processing unit 12 a.k.a the
controller, will measure whether a preset seismic amplitude threshold 40, 41 has been
reached and this will cause the main processing unit 12 to lock on to the said seismic
signal source 2 — this is known as an event 42. A unique seismic envelope signature 46
will be recorded in memory to compare and track, using the phase information 45, the
position of the railcar wheel in real time while within the bounds of the seismic sensors
25,26

At the point of zero phase shift 23, the railcar whee! 21 of interest will be positioned in
the center of the two seismic sensor 25, 26 locations.

The main processing unit 12 can use the periodic event intervals 42 to calculate the
distance traveled by the wheel between each event interval 42. The speed and phase
information 45 can be used to calculate where exactly the wheel will be at any given time

while the wheel remains within the bounds of the seismic sensors 25,26. This phased
time 45 calculation can be used to predict exactly when the whee! will be correctly

aligned with a sensor, in order to trigger a phase timed programmable strobe output
10,12,7 to synchronize with, for example, a digital camera to take a precisely timed

picture of the faulty wheel and any visual identification codes near the railcar wheel
carriage assembly on the side of the railcar. This information plus additional identification
information and the unique seismic envelope profile 48 can then be logged to a
database 13 and forwarded to a processing center to determine what action should be
taken, such as whether or not the train should be halted, or if it will be aillowed to
continue for later inspection. The system may also be programmed to signal the train
directly if the level of error passes a set of pre-determined criteria.

The seismic sensor interface 8 can also detect from which direction the train 1 1s
traveling in order to correctly capture railcar identification information 3,7.
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Once an event is triggered 42, the system has enough information to identify the railcar
and the carriage axle in question 2, 7, 10. It is then up to the railcar inspector to
determine the exact nature of the source of the noise related to the railcar in question.

This system can be deployed as a mobile unit or as a permanent installation.
Field calibration parameters must be entered into the system 8, 13 such as the exact

location of the sensors 5, 6 in relation to the rail track 4 in order to make the phase
measurements 45 work correctly.
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The Embodiments Of The Invention In Which An Exclusive Property Or Privilege Is
Claimed Are Defined As Follows:

1. A System for monitoring and tracking in motion seismic waves created by noisy
railcar wheels comprising:

At least two seismic sensors placed parallel to a rall track;

with the seismic sensors measuring seismic wave signals generated by a noisy
railcar wheel carriage axle, on a rail track; the wheel carriage defined as the signal
source; and

with the sensors spaced from each other such that seismic phase time propagation
delays between sensors, in relation to the signal source, can be measured; and

a controller having associated software and in communication with the seismic
sensors, the controller adapted to use signals from the seismic sensors to detect a
peak amplitude threshold and to measure the phase time of the signal source due to
approaching seismic wave propagation, using this phase information to track the
location and identify a noisy railcar wheel carriage axle while in motion; and

with the controller also adapted to use the phase time information to provide a
programmable phase timed strobe output for external synchronizations.

2. The system of claim 1, wherein the sensors are any electronic sensor capable of
converting seismic signals to electrical high frequency waves to be processed by
the controller.

3. The system of claim 2, wherein the seismic sensors include more than two
seismic sensors for higher accuracy.

4. The system of claim 1, wherein the controiler is part of a terminal that further
includes a display for providing information about detected railcars.

5. The system of claim 4, wherein the system further comprises a database for
storing affected railcar information.

6. The system of claim 5, where the system includes wired or wireless
communication so that railcar information can be accessed remotely.
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7. A system for detecting and analyzing coupled-in-motion railcar seismic noise
waves comprising:

At least two seismic sensors placed parallel to a rail track;

with the seismic sensors measuring seismic wave signals generated by a noisy

railcar wheel carriage axle, on a rail track; the wheel carriage defined as the signal
source; and

with the sensors spaced from each other such that seismic phase time propagation
delays between sensors, in relation to the signal source, can be measured; and

a controller having associated software and in communication with the seismic
sensors, the controller adapted to use signals from the seismic sensors to detect a
peak amplitude threshold and to measure the phase time of the signal source due to
approaching seismic wave propagation, using this phase information to track the
location and identify a noisy railcar wheel carriage axle while in motion; and

with the controller also adapted to use the phase time information to provide a
programmable phase timed strobe output for external synchronizations.

8. The system of claim 7, wherein the sensors are any electronic sensor capable of
converting ground seismic signals to electrical high frequency waves to be
processed by the controller.

9. The system of claim 8, wherein the seismic sensors can include more than two
seismic sensors to increase accuracy.

10. The system of claim 7, wherein the controller is part of a terminal that further
includes a display for providing information about detected railcars.

11. The system of claim 10, wherein the system further comprises a database for
storing railcar information.

12. The system of claim 11, where the system includes wired or wireless
communication so that railcar information can be accessed remotely.
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13. A method for detecting, tracking and identifying coupled-in-motion railcar seismic
noise waves created by railcar wheels comprising:

Positioning at least two seismic sensors on the side of a rail track;

measuring seismic wave signals generated by a noisy railcar wheel carriage on a
track; the wheel carriage defined as the signal source; and

spacing these sensors from each other such that seismic phase time propagation
delays between sensors, in relation to the signal source, can be measured; and

measuring seismic waves from the signal source, to determine if the wheel of a
railcar exceeds a peak amplitude threshold in order to trigger an event; then
calculating using the phase difference of the sensors’ seismic propagation time, the
exact wheel carriage position relative to the seismic sensors, as well as the direction
and speed of movement of the railcar; and

using a controller having associated software and in communication with the seismic
sensors; using signals from the seismic sensors to detect a peak amplitude
threshold; measuring the phase time of the wheel signal source due to approaching
seismic wave propagation; using this phase information to track the location of the
faulty wheel in real time, identifying a noisy wheel carriage axle while in motion; ana

using the phase time information to provide a programmable phase timed strobe
output for external synchronizations.

14. The method of claim 13, wherein the controller is part of a terminal that further
includes a display with, information about detected railcars being displayed.

15. The method of claim 13, wherein storing the faulty railcar information in a
database associated with the terminal, the terminal further including wired or
wireless communication functionality so that railcar data can be exported or

accessed remotely across the internet.

16. The method of claim 13, wherein the controller analyzes recorded seismic data
by the controller, determine in real time the railcar speed, direction of movement,
carriage location and seismic amplitude profiles.

17. The method of claim 16, wherein characterizing the amplitude profiles with types
of wheel failures, and allowing a profile database match to identify known railcar

carriage wheel faults.
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