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(57) Abstract: The present invention relates to an apparatus for measuring railway track data, which can measure track data, such
as the grade of a railway track along which a train runs, the curve radii of respective curved portions, balanced velocity and the cant
of the railway track, using a longitudinal acceleration sensor and a lateral acceleration sensor, which are installed on the vehicle body
& of the train, and a velocity sensor, which is installed on the axle of the train, and which can be directly used to analyze the driving
& or braking performance of the train and the movement characteristics of the train using the measured data. The apparatus includes a
sensor unit for measuring the velocity and acceleration of a railway vehicle; a signal conditioner unit for performing conversion on
sensing signals generated by the sensor unit; and a data processing unit for calculating the grade of a railway track and track design
parameters of each curved portion based on signals, which are processed by the signal conditioner unit, and data about weight of the

railway vehicle.
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[DESCRIPTION]

[ITnvention Titlel

APPARATUS FOR MEASURING RATILROAD TRACK PARAMETERS

[Technical Field]

The present invention relates to an apparatus for
measuring railway track data and, more particularly, to an
apparatus for wmeasuring railway track data, which can
measure track data, such as the grade of a railway track
along which a train runs, the curve radii of respective
curved portions, balanced velocity and the  cant of the
railway track, using a longitudinal acceleration sensor and
a lateral acceleration sensor, which are installed on the
vehicle body of the train, and a velocity sensor, which is
installed on the axle of the train, and which can. be
directly used to analyze the driving or braking performance -
and movement characteristics of the train using the

measured data.

[Background Art}

Generally, a railway track, which is constructed as
shown in FIG. 1 and has graded portions and curved portions
as shown in FIG. 2, includes 1level portions, ascending
portions (uphill grades), descending portions (downhill

grades), and straight portions, which are formed according
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to geographical features. Even a high-speed track, along
which a high-speed train travels at a high speed, does not
have only straight and level portions, therefore no railway
tracks can avoid having uphill grades and the curved
portions.

The performance of a railway vehicle is determined by
the influence of the uphill grades and the curved portions.
That is, the traction and braking performance of a railway
vehicle is determined according to the degree of the uphill
and downhill grades of the railway track, and the
centrifugal force that acts on the railway vehicle at each
curved portion affects passengers’ driving comfort.

Accordingly, in order to mwanage the railway track,
the conditions of the railway track are measured using a
dedicated inspection and measurement vehicle. The dedicated
inspection and measurement vehicle simultaneously measures
three points on the track using a displacement measurement
apparatus installed on the inspection and measurement
vehicle, and the versine (the distance obtained by
subtracting the distance from the center of a circle to the
mid point of a chord from the distance from the center of a
circle to the edge thereof) in the track is measured based
on the three measured points. The management of the track
is mostly conducted using the versine.

However, the versine in the track must be converted

into actual track data, that is, the degree of unevenness,
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curve radii, uphill and downhill grades, and the cant of
the track, in order to detect the influence of the railway
track on the railway vehicle. In this case, due to errors
that occur in this process, there are problems in that
accurate track data, which approximates the shape of an
actual railway track, cannot be obtained, and the influence
of the railway track on the railway vehicle camnnot be
.accurately detected either.

Furthermore, the dedicated inspection and measurement
vehicle is high-priced equipment, so that it is difficult
to conduct maintenance thereto. There is a problem in that
a lot of time must be spent to measure versine on many

running routes because the railway vehicle must run at a

.low speed when the versine in the railway track is

measured.

[Disclosure]
[Technical Problem]

The present invention has been made keeping in mind
the above problems, and an object of the present invention is
to provide an apparatus for measuring railway track data,
which can measure track data, such as the grade of a
railway track along which a train runs, the curve radii of
respective curved portions, balanced velocity and the cant
of the railway track, using a longitudinal acceleration

sensor and a lateral acceleration sensor, which are
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installed on the wvehicle body of the train, and a velocity
sensor, which is installed on the axle of the train, and
which can be directly used to analyze the running
performance or braking performance and movement

characteristics of the train using the measured data.

[Technical Solution]

In order to accomplish the above object, the present
invention provides an apparatus for measuring railway track
data, including a sensor unit for measuring the vélocity
and acceleration of a railway vehicle; a signal conditioner
unit for performing conversion on sensing signals generated
by the sensor unit; and a data processing unit for
calculating the grade of a railway track and track design
parameters of each curved portion based on signals, which
are processed by the sgignal conditioner unit, and data
about weight of the railway vehicle.

The track design parameters of the curved portion are
a cant, a curve radius, and a balanced velocity.

The sensor unit includes a longitudinal acceleration
sensor for measuring acceleration in a longitudinal
direction of the railway vehicle; a lateral acceleration
sensor for measuring acceleration in a lateral direction of
the railway vehicle; and a velocity sensor for measuring
the velocity of the railway vehicle.

The signal conditioner unit includes an amplifier for
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amplifying a sensing signal, which is generated by the
longitudinal acceleration sensor, and a sensing signal,
which is generated by the lateral acceleration sensor, and
outputting the amplified sensing signals; and a Frequency-
to-Voltage (F/V) converter for converting a measurement
signal, which is generated by the velocity sensor, into a
voltage signal, and outputting the voltage signal.

The data processing unit includes an Analog-to-
Digital (A/D) converter for converting a signal, which is
output from the F/V converter, into a digital signal; a
counter for converting the sensing signal, which is
generated by the velocity sensor, into a train location
signal, and outputting the train location signal; and a
microprocessor for calculating the grade of the railway
track and the track design parameters using data, which is
output from the A/D converter and the counter, and the
preset weight of the railway vehicle.

The lateral acceleration sensor is an accelerometer

that can measure an acceleration of less than 1 Hz.

[rdvantageous Effects]

The present invention can easily measure track data,
such as the grade of a railway track along which a train
runs, the curve radii of respective curved portions,
balanced velocity and the cant of the railway track, using

a longitudinal acceleration sensor and a lateral
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acceleration sensor, which are installed on the wvehicle
bbdy of the train, and a velocity éensor, which 1is
installed on the axle of the train.

Furthermore, the present invention can be directly
used to analyze the rumning performance or braking
performance and movement characteristics of the train using
the measured data.

Furthermore, the present invention measures velocity
and acceleration along each running route without using a
dedicated inspection and measurement vehicle, so that it
can acquire various types of track data necessary to design

a railway.

[Description of Drawings]

FIG. 1 is a schematic sectional view of a typical
railway;

FIG. 2 is a graph showing the grades and curved
portion of a specific track;

FIG. 3 is a block diagram showing the construction of
an apparatus for measuring railway track data;

FIG. 4 is a diagram showing the state of a railway
vehicle traveling along an uphill grade;

FIG. 5 is a diagram showing the state of a railway
vehicle traveling along a curved portion;

FIG. 6 is a graph showing lateral acceleration, from

which frequency components above 0.5 Hz are removed, on the
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curved portion; and

FIG. 7 is a graph showing stationary lateral
acceleration measured according to variation in the running
velocity of a railway vehicle along arbitrary curved

portions, and calculated stationary acceleration.

[Best Model

An apparatus for measuring railway track data
according to the present invention is described in detail
below.

FIG. 3 is a block diagram showing the construction of
an apparatus for measuring réilway track data, FIG. 4 is a
diagram showing the state of a railway vehicle traveling
along an uphill grade,' FIG. 5 is a diagram showing the
state of a railway vehicle traveling along curved portions,
FIG. 6 is a graph showing lateral acceleration, from which
frequency componentgs above 0.5 Hz are removed, on the
curved portion, and FIG. 7 is a graph showing measured
stationary lateral acceleration, which depends on variation
in the running velocity of a railway vehicle along an
arbitrary curved portion, and calculated stationary
acceleration.

The apparatus for measuring railway track data
according to the present invention is configured to easily
measure track data, such as the grade of a railway track

along which a railway vehicle runs, the curve radii of
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respective curved portions, balanced velocity and the cant
of the railway track, using a longitudinal acceleration
sensor and a lateral acceleration sensor, which are
installed on the vehicle body 201 of the railway vehicle,
and a velocity sensor, which is installed on the axle of
the railway vehicle.

FIG. 1 is a schematic sectional view of a typically
constructed railway 100. ‘The railway 100 includes a pair.of
left and right rails 101 and 102, ties 103 installed at
regular intervals, a ballasf 104 constructed from gravel or
concrete, and a roadbed 105 constructed by £filling or
cutting, or constructed in a bridge or tunnel form.

The pair of rails 101 and 102 is installed on the
ties supported by the roadbed and the ballast, and the
weight transferred from a train to the rails 101 and 102 is
transferred to the roadbed 105 via the ties 103 and the
ballast 104. The pair of rails 101 and 102, along which the
train actually runs, has level portions, uphill grades,
downhill grades, curved portions, and straight portions,
which are formed according to the roadbed 105.

FIG. 2 is a graph showing the grades and curved
portions of a specific track that is actually constructed.
As shown in FIG. 2, it can be seen that the railway 100 has
uphill grades and downhill grades, which are repeated
thereon, and that discrete curved portions exist at

arbitrary locations along the track.
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FIG. 3 1is a bléck diagram showing the hardware
construction of the apparatus for measuring railway track
data according to the present invention. The apparatus
includes a sensor unit 320 including a velocity sensor 301,
which is installed at the axle 203 of the railway vehicle,
acceleration sensors 302 and 303 installed on a vehicle
body 201, a signal conditioner wunit 310 including an
amplifier 304 and Frequency-to-Voltage (F/V) converter 305,
and a data processing unit 300 including an Analog-to-
Digital (A/D) converter 306, a counter 307, a
microprocessor 308 and a memory unit 309.

The acceleration sensors 302 and 303, which are
devices that are installed on the vehicle body 201, are a
longitudinal acceleration sensor and a lateral acceleration
sensor, respectively. It is preferred that the longitudinal
acceleration sensor 302 be implemented using a measurement
range of a typical accelerometer (a measurement range of 1
Hz ~ 100 Hz), and that the lateral acceleration sensor 303
be implemented using an accelerometer having a measurement
range of less than 1 Hz. The reason for this is because
lateral acceleration having a very low frequency cannot be
measured in each curved portion if the lateral acceleration
sensor 303 cannot measure an acceleration of 1 Hz.

The velocity sensor 301 is a device that is installed
in the axle 203. The wvelocity that is measured by the

velocity sensor 301 from the axle 203 installed under any
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of trucks 202 is indicated by the number of pulses per
revolution. In order to use the number of pulses to measure
velocity, the number of pulses is converted into a voltage
signal by the F/V converter 305, and the voltage signal is
transferred. The same number of pulses is transferred via
the counter 307 to measure the moving distance of the
train. This is used to accurately detect the location of
the train and is also used to minimize accumulated error
that may occur through the integration of a velocity signal
obtained by the F/V converter 305.

| The microprocessor 308 of the data processing unit
300 calculates track data, such as the grade of the railway
track and the curve radii of the curved portions, balanced
velocity and the cant of the railway track, based on data
input through the sensor wunit 320 and the signal
conditioner unit 310, which are constructed as described
above.

FIG. 4 is a diagram showing the state of a railway
vehicle traveling along an uphill grade. Rolling friction
exists between the wheels and rails 102 of the railway
vehicle, and the railway vehicle is greatly affected by air
resistance, in proportion to the velocity thereof, and thus
the railway vehicle is affected by running resistance as
indicated in the following Equation 1.

R=a+bV +cV*[daN] (1)

where V is the running velocity of a train [km/h],

10
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constants a, b and c are coefficients which are determined
through a coasting test, the square term of the velocity is
the effect of aerodynamic resistance, and the remaining
part is the effect of rolling friction.

Based on Newton’s Second Law, an equilibrium equation
for force that acts on the vehicle in FIG. 4 is expressed
as the following Equation 2:

F=ma=R+Wsin6 (2)
where F denotes the inertial force of a train, m denotes
the mass of the train, R denotes running resistance, 60
denotes the grade of a railway track, the plus sign (+)
denotes the uphill grade of the railway track, and the
minus sign (-) denotes a downhill grade of the railway
track.

From Equation 2, the grade can be obtained as

-indicated by the following Equation 3:

™t (ma—R)
TW

@ =si (3)

In this case, it should be noted that acceleration
must be measured under a coasting condition, in which a
train moves using bnly the inertial force thereof. 1In the
case where the train is towed or braked, the grade of a
railway track cannot be determined because the longitudinal
acceleration thereof varies. Furthermore, since the running
resistance and mass of the train are already known, the
uphill and downhill grade of the track can be obtained in a

coasting state.

11
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FIG. 5 is a diagram showing the state of a railway
vehicle traveling along a curved portion. In the curved
portion, centrifugal force indicated by the following
Equation 4 is generated according to the running velocity
of the railway vehicle. Since such centrifugal force causes
passengers in the railway vehicle discomfort, cant C is
assigned to the left and right rails to cancel the
centrifugal force, and thus the railway vehicle is biased
inward by centripetal force, as indicated by the following
Equation 5. When centripetal forcé, which is caused by the
assigned cant, and centrifugal force, which depends on a
certain train running velocity, are the same, the cant and
the train running velocity are referred to as balanced cant
and balanced velocity, respectively. This balanced velocity
has the same effect as if a train were running on a flat
track.

Wxy?
= (4)
3.6°xRx g
where F. denotes centrifugal force [kN], W denotes the
weight of a train [ton], R denotes a curve radius [m], and

V denotes the running velocity of the train [km/h].

7 _WxC _ W><Vc2
" G 3.6°xRxg

(5)

where F, denotes centripetal force [kN], C denotes the cant
[mm] of a railway track, G denotes the distance between
rails [mm], and V. denotes the balanced velocity of a train

{km/h] .

12
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FIG. 6 is a graph showing lateral acceleration, which
occuré a train travels along a curved portion and from
which frequency components above 0.5 Hz have been removed.
The lateral acceleration decreases as the running velocity
of the train increases. This refers to excess cant, in
which the running velocity of the train is smaller than the
balance velocity (the train running velocity when the
centrifugal force and the centripetal force are the same,
that is, the stationary lateral acceleration becomes ‘07).

FIG. 7 1is a graph showing stationary lateral
acceleration, which is measured according to variation in
the running velocity of a railway vehicle on arbitrary
curved portions, and stationary lateral acceleration, which
is calculated using cant C and curve radius R that are

obtained based on the following Equations 6 and 7.

2 2
Ry P V) (6)
3.6°xa,, xg

where as, denotes measured stationary lateral acceleration,
the plus sign (+) denotes excess cant, and the minus sign
(-) denotes insufficient cant.

B Wchsz

C= 2
3.6°%Rxg

(7)

The point at which the measured stationary lateral
acceleration is changed from a positive (+) number to a
negative (-) number is balanced velocity in an arbitrary
curved portion. The curve radius of the arbitrary curved

portion can be calculated using the stationary lateral

13
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acceleration and the obtained balanced velocity, .as
indicated by the above Equation 6, and the cant of the
constructed track can be obtained using the above Equation
7.

As described above, the apparatus for measuring
railway track data according to the present invention can
accurately measure the grade of a railway track and the
track design parameters of each curved portion, and can be
directly used to analyze the running performance and
braking performance and movement characteristics of the
train using the measured data.

The above-described embodiment is the most preferred
erbodiment of the present invention. The present invention
igs not limited to this embodiment, however, and may be
implemented in various ways within a range that does not

depart from the technical spirit of the present invention.

[Industrial Applicability]

The present invention relates to an apparatus for
measuring railway track data and, more particularly, to an
apparatus for measuring railway track data, which can
measure track data, such as the grade of a railway track
along which a train runs, the curve radii of respective
curved portions, balanced velocity and the cant of the
railway track, using a 1ongitﬁdinal acceleration sensor and

a lateral acceleration sensor, which are installed on a

14
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vehicle body, and a velocity sensor, which is installed on
the axle of the train, and can be directly used to analyze
the driving or  braking performance and movement

characteristics of the train using the measured data.

15
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[cLaIms]
[claim 1]

An apparatus for measuring railway track data,
comprising:

a sensor unit for measuring velocity and acceleration
of a railway vehicle;

a signal conditioner unit for performing conversion
on sensing signals generated by the sensor unit; and

a data processing unit for calculating grade of a
railway track and track design parameters of each curved
portion based on signals, which are processed by the signal
conditioner unit, and data about weight of the railway

vehicle.

[claim 2]
The apparatus according to claim 1, wherein the track
design parameters of the curved portion are a cant, a curve

radius, and a balanced velocity.

[claim 3]
The apparatus according to claim 1 or 2, wherein the
sensor unit comprises:
a longitudinal acceleration sensor for measuring
acceleration in a longitudinal direction of the railway
vehicle;

a lateral acceleration sensor for mweasuring

16
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acceleration in a lateral direction of the railway vehicle;
and
a velocity sensor for measuring velocity of the

railway vehicle.

[claim 4]

The apparatus according to claim 3, wherein the
signal conditioner unit comprises:

an amplifier for amplifying a sensing signal, which
is generated by the longitudinal acceleration sensor, and a
sensing signal, which is generated Dby the lateral
acceleration sensor, and outputting the amplified sensing
signals; and

a Frequency-to-Voltage (F/V) converter for converting
a measurement signal, which is generated by the velocity
sensor, into a voltage signal, and outputting the voltage

signal.

[claim 5]
The apparatus according to claim 4, wherein the data
processing unit comprises:
an Analog-to-Digital (A/D) converter for converting a
signal, which 'is output from the F/V converter, into a
digital signal;
a counter for converting the sensing signal, which is

generated by the velocity sensor, into a train location

17
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signal, and outputting the train location signal; and

a microprocessor for calculating the grade of the
railway track and the track design parameters using data,
whiéh is output from the A/D converter and the counter, and

5 the preset weight of the railway vehicle.

[Claim 6]
The apparatus according to claim 3, wherein the
lateral acceleration sensor is an accelerometer that can

measure an acceleration of less than 1 Hz.

18
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[Figure 5]
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