EP 2 390 159 A1

(1 9) Européisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2 390 159 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
30.11.2011 Bulletin 2011/48

(21) Application number: 10005446.9

(22) Date of filing: 26.05.2010

(51) IntCl.
B61L 15/00 (2006.01) GO1M 17/08 (2006.0)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO SE SI SK SM TR
Designated Extension States:
BA ME RS

(71) Applicant: Bombardier Transportation GmbH
10785 Berlin (DE)

(72) Inventors:
¢ De Coen, Luc
9230 Wetteren (BE)
e Conan, Loic
59130 Lambersart (FR)

(74) Representative: Patentanwilte Bressel und
Partner
Park Kolonnaden
Potsdamer Platz 10
10785 Berlin (DE)

(54) Handling a malfunction of a rail vehicle

(57)  The invention relates to a method of handling a
malfunction of a rail vehicle, wherein the rail vehicle com-
prises a plurality of devices (T 1) which possibly malfunc-
tion, wherein at least one sensor (17) is combined with
each device (T1) for sensing a malfunction of the device
(T1), wherein at least one actuator (S1) is combined with
the device (T1) and/or with the sensor (17) for acting in
case of a malfunction and wherein the method comprises
a) identifying possible malfunctions of the devices (T1),
b) identifying at least one sensor (17) which can sense

the possible malfunction,

c) identifying for each identified malfunction an actuator
(S1) which can be used to handle the malfunction,

d) identifying locations where the identified actuators (S1)
can be manipulated in order to handle the malfunctions
and

e) detecting a malfunction by analyzing signals from the
at least one sensor (17) and determining the location or
locations where the respective actuator (S1) can be ma-
nipulated in order to handle the detected malfunction.
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Description

[0001] The invention relates to a method of handling
amalfunction of arail vehicle and to a system for handling
a malfunction of a rail vehicle.

[0002] Rail vehicles comprise several devices, such
as the traction system of the rail vehicle, passenger
doors, lights, heating and ventilation devices and the
braking system. In particular, during the operation of the
rail vehicle, one device or more than one device may
malfunction. For example, a passenger door cannot be
closed or a part of the traction system is overheated. For
safety or operational reasons, the driver of the rail vehicle
may not be allowed to continue driving the vehicle. How-
ever, the driver may be able to handle the malfunction in
such a manner that the rail vehicle is allowed to continue
travelling.

[0003] Devices and systems within rail vehicles are
complex. The electric system of a door controller for con-
trolling the opening and closing of a passenger door may
be located far away from the passenger door. In addition,
several sensors for sensing the operating state of the
devices within the rail vehicle may be distributed all over
the rail vehicle. In order to save space, the sensors or
data transfer interfaces to the sensors may be located at
different locations as the sensor itself.

[0004] Itis an object of the presentinvention to provide
a method of handling a malfunction of a rail vehicle and
to provide a system for handling a malfunction of a rail
vehicle which increases the chances that operation of
the rail vehicle can be continued despite a malfunction.
[0005] The object is solved by a method according to
claim 1 and by a system according to claim 4.

[0006] Inaddition, the invention also includes arail ve-
hicle which comprises the system for handling a malfunc-
tion of the rail vehicle.

[0007] According to a basic idea of the invention, the
rail vehicle comprises a plurality of devices which possi-
bly malfunction. At least one sensor is combined with
each device for sensing a malfunction of the device. In
other words, there is at least one sensor for each device
which is to be controlled and the signals of the at least
one sensor can be analysed to detect a malfunction of
the respective device. It is possible that at least some of
the sensors are adapted to detect malfunctions of differ-
ent devices. Furthermore, at least one actuator is com-
bined with the device and/or with the sensor. The actuator
is adapted to act in case of a malfunction. However, the
actuator is to be manipulated in order to act and thereby
to handle the detected malfunction.

[0008] Inorderto prepare the handling of possible mal-
functions, each possible type of information which can
be read from the sensors is identified. For example, the
information can be basic information or elaborated infor-
mation that involves information from other devices or
systems of the rail vehicle. For example, the information
may be the operational status of a passenger door. In
order to detect a malfunction of the door (e.g. the door
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is open) additional information may be needed from a
second sensor, for example a speed sensor which de-
tects if the rail vehicle is travelling or not. If the door is
open and the vehicle is travelling, the door is malfunc-
tioning.

[0009] In addition, it is identified for each of the infor-
mation which can be read from a sensor where the infor-
mation can be obtained. In particular, it can be obtained
at a data interface which is connected to the respective
SENSsOor or Sensors.

[0010] Furthermore, for each of the information and
the location where the information can be obtained, the
respective actuator or actuators which can act in order
to handle the malfunction is/are identified.

[0011] In order to enable a user to manipulate the ac-
tuator or actuators, the location or locations is/are iden-
tified where the actuator or actuators can be manipulated.
Then, the identified data are processed to build a model
which includes the identified location or locations. In par-
ticular, the data processing can be performed if a mal-
function occurs. For example, one of the several passen-
ger doors of the rail vehicle does not close. By analysing
the collected data the location can be determined where
the user can manipulate the respective actuator or actu-
ators.

[0012] It might happen that the user needs to manip-
ulate the actuator or actuators at different locations. Pref-
erably, the method includes a step in which afirstlocation
is determined where a first respective actuator is to be
manipulated first and a second location is to be deter-
mined where the first respective actuator or a second
respective actuator is to be manipulated afterwards.
[0013] The collected data about the possible malfunc-
tions of the devices, about the respective sensor or sen-
sors which can sense the possible malfunctions and
about the respective actuator or actuators which can be
used to handle the malfunction can be structured as a
tree structure. Each branching point of the tree structure
is related to at least one signal of the sensor or sensors
so thatit can be decided which branch of the tree to follow
in order to arrive at an actuator or actuators. Then, the
location or locations of the actuator or actuators is/are
identified and can be output to the user.

[0014] Preferably, the determined location or locations
are output to the user so that the user can manipulate
the actuator or actuators at the location or the locations.
The system may comprise a corresponding output unit
which is adapted to output the determined location or
locations to the user. For example, a picture of the rail
vehicle may be displayed showing the location or loca-
tions.

[0015] By identifying and outputting the location or lo-
cations of the actuator or actuators, the availability of the
vehicle is increased and time is saved for the user (e.g.
the driver). In particular, it can be avoided that the user
goes to the location of the malfunctioning device to rec-
ognise there that the respective actuator is located at a
different location.
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[0016] Also, the time which is spent by the user to go
to several locations can be minimised, since it is prefer-
ably calculated which location should the user to go first,
which next and so on. These locations and their se-
quence can be displayed or output to the user.

[0017] Examples of the present invention are de-
scribed with reference to the attached Figures. The Fig-
ures show:

Fig. 1 schematically an arrangement of three cars of
a rail vehicle,

Fig. 2 a table indicating location of sensors, devices
and anomaiies of the structure shown in Fig. 1

[0018] Fig. 1 shows three cars of a train. Car 1 com-

prises a central part CCUO of the system for handling
the malfunction of the rail vehicle. The central part CCUO
comprises a unit 11 for detecting anomalies, i.e. malfunc-
tion. If the detecting unit detects such a malfunction, it
outputs a signal to a determination unit 13 which is adapt-
ed to determine the location or locations where the re-
spective actuator can be manipulated in order to handle
the detected malfunction. The unit 11 is connected to
output connections of two different data interfaces 15,
17. The unit 11 receives data from these data interfaces
15, 17. Data interface 17 includes a sensor for sensing
the operation state of a device T1, which may be part of
the traction system of the vehicle. The device T1 can be
manipulated using an actuator S1. Furthermore, an op-
eration state of the actuator S1 is detected or the infor-
mation about the operation state of the actuator S1 is
simply transferred to the data interface 15.

[0019] The device T1 which possibly malfunctions is
located in car 3, together with the data interfaces 15, 17.
The actuator S1 which can manipulate the operation
state of device T1 is located in a different car, car 2.
[0020] Fig. 2 shows a table which is prepared for han-
dling malfunction. The columns of the table refer to the
car number. There are four cars. However, car 4 is not
shown in Fig. 1.

[0021] The respective location of the devices, sensors
and actuators which are listed in column 1 of the table in
Fig. 2 are marked by a cross in the respective column of
the respective car. It should be noted that the anomaly
of the device is detected in car 3 and the respective in-
formation is available at the interface 17 in car 3. Fur-
thermore, information about the actuator state is also
available in car 3, at interface 15.

[0022] The information about the actual location of the
actuator is used by a data operation function called "lo-
cation mask 1" which is also listed in the first column of
Fig. 2. This function uses the information about the loca-
tion of the actuator to indicate that the actuator is located
in car 2 instead of car 3. Consequently, this information,
namely that the user should go to car 2 in order to ma-
nipulate device T1, can be correctly output to the user,
whereas the malfunction is originally detected at another
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location.

[0023] The alternative functions "location mask 2" and
"location mask 3" which are listed in the last two lines in
Fig. 2 illustrate that alternative location information might
lead to other results. In case of "location mask 2", the
user should go to car 4. In case of "location mask 3", the
user should go to car 2 and to car 4. Optionally, it can be
indicated to the user to which location, either car 2 or car
4, he should go first.

Claims

1. A method of handling a malfunction of a rail vehicle,
wherein the rail vehicle comprises a plurality of de-
vices (T1) which possibly malfunction, wherein at
least one sensor (17) is combined with each device
(T1) for sensing a malfunction of the device (T1),
wherein at least one actuator (S1) is combined with
the device (T 1) and/or with the sensor (17) for acting
in case of a malfunction and wherein the method
comprises

a) identifying possible malfunctions of the devic-
es (T1),

b) identifying at least one sensor (17) which can
sense the possible malfunction,

¢) identifying for each identified malfunction an
actuator (S1) which can be used to handle the
malfunction,

d) identifying locations where the identified ac-
tuators (S1) can be manipulated in order to han-
dle the malfunctions and

e) detecting a malfunction by analyzing signals
from the at least one sensor (17) and determin-
ing the location or locations where the respective
actuator (S1) can be manipulated in order to
handle the detected malfunction.

2. The method of the preceding claim, wherein in step
e) afirst location is determined where a first respec-
tive actuator is to be manipulated first and a second
location is determined where the first respective ac-
tuator or a second respective actuator is to be ma-
nipulated afterwards.

3. The method of one of the preceding claims, wherein
the determined location or locations are output to a
user so that the user can manipulate the actuator
(S1) or actuators at the location or the locations.

4. A system for handling a malfunction of a rail vehicle,
wherein the rail vehicle comprises a plurality of de-
vices (T1) which possibly malfunction, wherein at
least one sensor (17) is combined with each device
(T1) for sensing a malfunction of the device (T1),
wherein at least one actuator (S1) is combined with
the device (T1) and/or with the sensor (17) for acting
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in case of a malfunction, wherein the system com-
prises data transfer connections to the sensors (17)
and a data storage and/or data input for receiving
information about

a) possible malfunctions of the devices (T1),

b) at least one sensor (17) which can sense the

possible malfunction,

¢) an actuator (S1) for each identified malfunc-

tion which can be used to handle the malfunc- 70

tion,

d) locations where the identified actuators (S1)

can be manipulated in order to handle the mal-

functions and

15

wherein an evaluation unit (CCUO) of the system is
adapted - using the information according to items
a) to d) - to detect a malfunction by analyzing signals
from the at least one sensor and to determine the
location or locations where the respective actuator 20
can be manipulated in order to handle the detected
malfunction.

The system of the preceding claim, wherein the sys-

tem comprises an output unit which is adapted to 25
output the determined location or locations to a user

so that the user can manipulate the actuator (S1) or
actuators at the location or the locations.

A rail vehicle which comprises a plurality of devices 30
which possibly malfunction, wherein at least one
sensor (17) is combined with each device (T1) for
sensing a malfunction of the device (T1), wherein at
least one actuator (S1) is combined with the device
(T1) and/or with the sensor (17) for acting in case of 35
a malfunction, and wherein the rail vehicle further
comprises the system of one of the preceding system
claims.
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