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(57)  Sensing bar (2) for a railway bogie (1) of a rail-
way vehicle running on a railway track, said sensing bar
(2) comprising a plurality of sensors placed on a bar (6)

SENSING BAR FOR A BOGIE OF A RAILWAY VEHICLE

fixed to the bogie (1) and arranged to measure values of
parameter related to the operating conditions of the bogie
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Description

[0001] The present invention concerns a sensing bar
for a bogie of a railway vehicle.

[0002] There is the need to have a device for monitor-
ing bogie operating conditions, which is capable of meas-
uring a plurality of data relating to a bogie in order to
detect any deviation from a standard.

[0003] There is also the need to have a device which
can be easily installed on existing bogies of railway ve-
hicles.

[0004] These and other objects are fully achieved by
virtue of a sensing bar for a bogie of a railway vehicle
having the characteristics defined in independent claim
1, and by a railway vehicle as defined in claim 10.
[0005] Preferred embodiments of the invention are
specified in the dependent claims, whose subject-matter
is to be understood as forming an integral part of the
present description.

[0006] Further characteristics and advantages of the
present invention will become apparent from the follow-
ing description, provided merely by way of a non-limiting
example, with reference to the enclosed drawings, in
which:

- Figure 1 shows a perspective view of a bogie to which
a sensing bar according to the present invention is
fixed;

- Figure 2 shows an enlarged view of the sensing bar
of figure 1;

- Figure 3 shows an enlargement of the zone A of fig-
ure 2; and

- Figure 4 shows a railway vehicle including the sens-
ing bar of figure 2.

[0007] The sensing bar for a bogie according to the
present invention is a bar arranged to be fixed to a bogie
of a railway car of a railway vehicle running on a railway
track. The bar is provided with many sensors, arranged
to collect a plurality of data related to the operating con-
ditions of the bogie.

[0008] The collected data allows performing condi-
tioned based maintenance of the bogie, because these
data can be immediately used to plan an intervention on
the railway bogie.

[0009] In addition, these collected data can be used
for post processing and analysis, to precisely identify the
cause of a failure or to predict the life of a component or
occurrence of incidents.

[0010] The elaboration of the collected data is per-
formed in a manner known per se by a control unit con-
nected to said sensors, and it will not be disclosed in
detail in the following.

[0011] The sensingbaraccordingto the presentinven-
tion carries all the sensors on a single member, itis easy
to be installed on existing bogies, and it is easy to main-
tain.

[0012] The sensing bar is provided with a single con-
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nector, capable of acquiring data coming from a plurality
of channels, preferably eighteen channels, associated
with the respective sensors. These data are then sent,
through the connector, to the control unit.

[0013] The sensingbarcanbe used on existing railway
cars, for monitoring functions and for predictive mainte-
nance.

[0014] The sensingbar accordingto the presentinven-
tion allows performing ten monitoring functions. Different
parameters are monitored, continuously or conditionally
(because all the sensors placed on the sensing bar are
suitable for condition based monitoring and maintenance
strategy). The measured data, signals representative of
said parameters or values of said parameters, are sent
to the control unit connected to the sensing bar, this con-
trol unit being arranged to elaborate said data to monitor
the bogie operating conditions.

[0015] The parameters are the followings:

- axle box temperature profile: this parameter indi-
cates the lubrication health of the axle box of the
bogie, and the behavior of the bearings of wheels of
said bogie;

- wheel rail interface: these data relate to the wheel
flange wear pattern, its life and different failures that
can occur on it;

- track conditions / comfort: errors or anomalies on the
wheel of a railway car are a reflection of errors or
anomalies on the rail on which the railway vehicle is
running. Thanks to the sensing bar of the present
invention is it possible to collect enough data of a rail
to identify any issues on the wheels of a railway ve-
hicle, and also any deviations in comfort that may
occur;

- wheelflange wear characterization: these are meas-
ures performed by vibration sensors (accelerome-
ters mounted on the sensing bar) and anomalies
identified thanks to the elaboration of noise and im-
ages acquired in proximity of the bogie. These meas-
ures and anomalies show, in combination, the trend
of different wear zones, with their relative intensity.
This information allows understanding the wear pat-
tern and making proposal on corrective and preven-
tive actions to be taken for enhancing the wheel life;

- conicity: the safety of the rail with respect to derail-
ment or lateral oscillations of the railway vehicle is a
function of conicity of the wheel. This parameter can
be monitored and wheel re-profiling could be
planned accordingly;

- primary suspensions: primary suspensions in rail-
way vehicles have several issues like creep and
plastic deformation. By capturing random pictures of
the primary suspensions at predetermined time in-
tervals, it is possible to appreciate the evolution of
the primary suspensions themselves. The variation
of the height of a suspension from an initial reference
value, identified thanks to comparison of subsequent
images of the primary suspensions taken in different
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time instants, provides information on how a creep
is occurring;

- gearbox temperature profile: this parameter indi-
cates the lubrication health of the gearbox of the rail-
way vehicle;

- motor temperature profile: this parameter relates to
the bearings of the motor;

- environment temperature: this parameter allows un-
derstanding the rise in environment temperature;

- GPS: this measure allows locating the bogie in real-
time and identify the anomalies during processing of
co-relation studies.

[0016] Figure 1 shows a perspective view of a bogie 1
of a railway vehicle, to which a sensing bar 2 according
to the present invention is fixed.

[0017] Figure 2 shows an enlarged view of the sensing
bar 2.

[0018] The sensing bar 2 is preferably mounted on a
leading bogie. As an alternative, the sensing bar 2 is
mounted on any other bogie, intermediate or end bogies.
[0019] In the following of the description, firstly the
sensing bar 2 with its components will be disclosed, then,
details of the functions of each component are provided.
[0020] All the components here below disclosed are
connected, in a manner known per se, with an energy
source for energy supply and with a control unit 100 ar-
ranged to collect the data coming from the sensors and
to elaborate them to get the information of interest. The
control unit is advantageously part of a data acquisition
system of the railway vehicle.

[0021] The cables for connection of the sensors to the
control unit are usually 4-5 mm thick in diameter and they
carry both power and data. Cables are not shown in the
pictures and preferably half of the cables run on the right
side of the sensing bar 2, and half run on the left side of
the sensing bar 2.

[0022] The sensing bar 2 comprises six single-axes
accelerometers 4 mounted on a bended solid bar 6 which
has a U-shape, to sense accelerations of the bogie 1
along three perpendicular directions X, Y and Z of a Car-
tesian reference system. The accelerometers 4 output
vibration signals.

[0023] Two first cameras 8 are mounted at the end of
the bar 6, in the vertical parts of the U-shape of the bar
6, and they are arranged to acquire respective images
of primary suspensions associated with wheels 10 of the
bogie 1. Each camera 8 acquires images of right and left
primary suspensions of the bogie 1, respectively.
[0024] The sensing bar 2 further includes at least one
microphone 12, preferably two.

[0025] The sensing bar 2 further includes two first py-
rometers 14 mounted towards the end of the bar 6 and
arranged to measure the respective temperature of axle
boxes of bearings associated with the wheels 10.
[0026] The sensing bar 2 further comprises one tem-
perature sensor 16 for measuring the environment tem-
perature.

10

15

20

25

30

35

40

45

50

55

[0027] The sensing bar 2 further comprises one GPS
sensor 18 for positioning measurements.

[0028] The sensing bar 2 further includes two second
pyrometers 20, one arranged to measure the tempera-
ture of bearings of a gearbox of the railway vehicle, and
the other arranged to measure the temperature of amotor
of the railway vehicle.

[0029] The sensing bar 2 further includes two second
cameras 22 arranged to acquire respective images of
second-axle wheels of the bogie 1 (not shown in the pic-
ture), and to study the dynamics, creep and failure evo-
lution of the primary suspensions.

[0030] In the sensing bar 2, there are preferably two
accelerometers 4 for each direction of sensing, i.e. the
X, Y and Z direction, for redundancy reasons and to en-
sure consistency of the measurements. As an alternative,
only one accelerometer 4 for each direction is provided.
[0031] The bar6is advantageously 3.5 meter long and
all the sensors above disclosed are connected, as above
indicated, to a control unit and represent, altogether, an
eighteen channel data acquisition system.

[0032] The ends of the bar 6 are fixed to a frame 24.
Figure 3 shows an enlargement of the zone A of figure
2 wherein it is shown the end of the bar 6 fixed to a plate
28 arranged to be fixed, through the frame 24, to a sup-
porting structure of the bogie 1, as shown in figure 1.
[0033] ADAQ (DataAcQuisition) system of knowntype
can be installed on the bar 6, connected to the sensors,
for standard checks and to elaborate the accelerations
measured by the accelerometers 4 along the three axes.
[0034] Among the accelerometers 4, the second and
fifth accelerometer 4 starting from the right side of the
bar 6 act as obstacle sensors, while the third and fourth
accelerometer 4 act as derailment sensors, as here be-
low detailed. As an alternative, only one sensor acts as
obstacle sensor or derailment sensor.

[0035] The sensing bar 2 according to the present in-
ventions allows performing many different functions, de-
scribed here below in detail.

[0036] A first function is the detection of an obstacle
on the railway track. In this case, an impact force having
a value above a predetermined threshold, preferably of
1KN, on the bar 6 generates afirst obstacle signal coming
from the second and/or the fifth accelerometer 4. This
signal is used by the control unit 100 to trigger an alarm
signal, to an emergency brake circuit of the railway ve-
hicle.

[0037] A second function is the detection of a derail-
ment of the railway car, which corresponds to the wheels
10 throwing off rails of the railway track. When the wheels
10 jump down the rail, the bar 6 is pushed upwards by
the rail itself, and this impact generates a signal coming
from the third and/or the fourth accelerometer 4, which
is used by the control unit to trigger an alarm signal to
the emergency brake circuit.

[0038] The sensing bar 2 allows taking videos or pic-
tures of the space around the sensing bar 2.

[0039] The first cameras 8 acquire respective images
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of the primary suspensions of the wheels 10, the second
cameras 22 are mounted facing the second-axle wheels,
and this enables to take pictures whenever there is ab-
normal vibration on the front axle, assuming that a similar
trend follows also on the following wheel set. The vibra-
tion is measured by the accelerometers 4, which output
a corresponding vibration signal.

[0040] Depending on the speed of the railway vehicle,
videos are taken in place of pictures.

[0041] Since the cameras 8 and 22 constantly vibrate,
due to the vibration of the bar 6, the videos acquired are
post processed in a manner known per se by the control
unit 100. Anomalies detected by the control unit 100 in
the videos are used to trigger corresponding alarm sig-
nals.

[0042] Similarly, images with anomalies are specific
frames having differences compared with reference im-
ages in idle situation. Images are important to study the
evolution of the components and anomalies.

[0043] Anotherfunction possible thanks to the sensing
bar 2 is capturing noises through the microphones 12
and co-relating them, in a manner per se known in the
control unit 100, with the images of the cameras 8 and
22 and the vibration signals of the accelerometers 4, to
trigger a wheel flange lubricator disclosed here below
and to reduce these anomalies in the following wheels.
[0044] Furthermore, the two first pyrometer 14, which
are preferably laser-based temperature sensors, meas-
ure the temperature of the axle boxes of bearings asso-
ciated with the wheels 10, as above indicated. This allows
monitoring the axle bearings for a condition based main-
tenance plan.

[0045] Similarly, the second pyrometers 20 measure
the temperature of bearings of the gearbox and of the
engine, as above cited. Usually, the rotating components
are subjected to wear and tear.

[0046] Alternatively, the pyrometers 14, 20 can meas-
ure the temperature at different locations.

[0047] Furthermore, the first and the sixth accelerom-
eter 4 produce a smooth sinusoidal wave-like reference
signal when the wheel 10 is well contained on the rail,
without rubbing on the flange, which is an extended lip
shaped edge of the wheel which is a guide running along
the inside of the rail. This helps to retain the train on rails
during navigation of curves. When there is a severe wear
and the flange engages with the rail, a vibration output
signal is obtained. This vibration output signal helps an-
alysing wear zones of the railway track and quantifies
their values.

[0048] When the railway track is not well maintained
and there is a tendency of derailment, a combination of
the vibration signals coming from the first and sixth ac-
celerometers 4, and from the second to fifth accelerom-
eters 4, allows identifying if the wheels 10 are partially
climbing the rail.

[0049] Anotherfunction possible thanks to the sensing
bar 2 relates to behaviour, vertical displacement and fail-
ure evolution, of the primary suspensions. The first cam-
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eras 8 focus on the primary suspensions, recording the
displacements during running of the railway vehicle and
taking/records pictures atdefined intervals, or when there
is a deviation observed with respect to a predetermined
parameter. These displacement data, in correlation with
accelerations of the railway vehicle measured by the ac-
celerometers 4, allow characterizing the primary suspen-
sions. The difference between two consecutive pictures
provides information about the evolution of the suspen-
sion, thus allowing prediction of life of the bogie 1.
[0050] The GPS sensor 18 allows a precise location
of the bogie 1 to plan any intervention.

[0051] The temperature sensor 16 allows detecting
high temperatures, which affect the primary suspension,
the gear box, the motor and axle bearing temperatures,
etc. This is the referent to understand the relative behav-
iour of all these elements.

[0052] The vibration and noise data (and, advanta-
geously, also the images) coming from the sensors
above disclosed are used by the control unit 100 to trigger
a wheel flange lubricator of the railway vehicle.

[0053] The wheel flange lubricator is a unit, which
pumps alubricant (mineral oil) onto the rails of the railway
track, to ease the contact abnormalities between the
wheels 10 and the rail by reducing wear and friction.
[0054] Thanks to the sensing bar 2 of the present in-
vention, a combined correlation between vibration sig-
nals (coming from the accelerometers) and anomalies
(detected by the cameras 8, 22 and by the microphone
12)is obtained, and this is used to trigger the wheel flange
lubricator to dispense the required amount of lubricant.
[0055] Figure 4 shows a railway vehicle 100 having a
plurality of railway cars, wherein at least one bogie of a
railway car is provided with a sensing bar 2 as above
disclosed.

[0056] The main advantage of the sensing bar 2 of the
presentinvention is the integration of all the sensors use-
ful for monitoring the bogie operating conditions in a sin-
gle component, easy to mount and well connected to the
data acquisition system of the railway vehicle 100.
[0057] Clearly, the principle of the invention remaining
the same, the embodiments and the details of production
can be varied considerably from what has been de-
scribed and illustrated purely by way of non-limiting ex-
ample, without departing from the scope of protection of
the present invention as defined by the attached claims.

Claims

1. Sensing bar (2) for a railway bogie (1) of a railway
vehicle running on a railway track, said sensing bar
(2) comprising a plurality of sensors placed on a bar
(6) fixed to the bogie (1) and arranged to measure
values of parameter related to the operating condi-
tions of the bogie (1).

2. Sensing bar (2) according to claim 1, wherein said
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sensors are connected to a control unit arranged to
receive said values coming from the sensors and to
elaborate them to monitor the operating conditions
of the bogie.

Sensing bar (2) according to claims 1 or 2, wherein
said sensors comprise sensors chosen among the
following:

- a plurality of accelerometers (4) arranged to
sense accelerations of the bogie (1) along three
perpendicular directions (X, Y, Z) of a Cartesian
reference system;

- atleastonefirstcamera (8) arranged to acquire
images of primary suspensions associated with
wheels (10) of the bogie (1) orrespective images
of axle wheels of the bogie (1);

- at least one temperature sensor (14) arranged
to measure the temperature of axle boxes of
bearings associated with the wheels (10) or for
measuring an environment temperature or for
measuring the temperature of bearings of a
gearbox of a railway vehicle associated with the
sensing bar (2), or the temperature of a motor
of said railway vehicle;

- at least one GPS sensor (18) arranged to
measure the position of the sensing bar (2);

- at least one microphone (12) arranged to cap-
ture noises to be co-related with the images of
each camera (8, 22) and signals outputted from
the accelerometers (4).

Sensing bar (2) according to any of the preceding
claims, wherein the bar (6) has a U-shape and is
fixed to a support structure of the bogie (1).

Sensing bar (2) according to claim 3, wherein atleast
one first accelerometer (4) acts as obstacle sensors
so that an impact force, having a value above a pre-
determined threshold, on the bar (6) generates a first
obstacle signal coming from said accelerometer.

Sensing bar (2) according to claim 3, wherein atleast
one second accelerometer (4) acts as derailment
sensors, so that when the wheels (10) jump down a
rail of the railway track, the bar (6) is pushed upwards
and this impact generates a signal coming from said
second accelerometer 4.

Sensing bar (2) according to claim 3, wherein each
camera (8, 22) acquires images or videos and the
control unitis arranged to identifies anomalies in said
images or videos and to trigger corresponding alarm
signals.

Sensing bar according to claim 3, wherein at least
one accelerometer (4) is configured to produce a
smooth sinusoidal wave-like reference signal when
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10.

the wheel (10)is well contained on arail of the railway
track, and whenthereis a wear and aflange engages
with said rail, a different output vibration signal is
produced, this output vibration signal being used by
the control unit to analyze wear zones of the railway
track.

Sensing bar (2) according to any of the preceding
claims, wherein the values coming from the sensors
are used to trigger a wheel flange lubricator of the
railway vehicle.

Railway vehicle (100) having at least one bogie pro-
vided with a sensing bar (2) according to any of the
preceding claims.
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