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(54) Title: RAIL VEHICLE BRAKING DEVICE AND METHOD FOR BRAKING A RAIL VEHICLE

VERFAHREN ZUM BREMSEN EINES

(57) Abstract: The invention relates to a rail vehicle
braking device with at least one electrodynamic brake
(24), which comprises a drive unit (16), which has at
least one drive motor (18) and a power supply unit (20)
for supplying the drive motor (18) when the drive unit
(16) is in a traction mode. According to the invention,
the rail vehicle braking device has at least two brake
control units (28, 30) in order to increase the safety of
the electrodynamic brake, wherein in a first braking
mode, a first brake control unit (28) in an active state
controls the power supply unit (20) for providing a
braking effect, a first brake effect monitoring unit (50)
and a switching unit (32), which serves to switch,
depending on a brake effect parameter in the first
braking mode, into a second braking mode, in which
the second brake control unit (30) in an active state
controls the power supply unit (20) for providing a

(57) Zusammenfassung: Die Erfindung betrifft eine
Schienenfahrzeugbremsvorrichtung mit zumindest einer
elektrodynamischen =~ Bremse  (24), die eine
Antriebseinheit (16) umfasst, welche

[Fortsetzung auf der ndchsten Seite]
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zumindest einen Antriebsmotor (18) und eine Leistungsversorgungseinheit (20) zum Versorgen des Antriebsmotors (18) in einem
Traktionsmodus der Antriebseinheit (16) aufweist. Um die Sicherheit der elektrodynamischen Bremse zu erhéhen, wird
vorgeschlagen, dass die Schienenfahrzeugbremsvorrichtung zumindest zwei Bremssteuereinheiten (28, 30), wobei in einem ersten
Bremsmodus eine erste Bremssteuereinheit (28) in einem aktiven Zustand die Leistungsversorgungseinheit (20) zur Bereitstellung
einer Bremswirkung steuert, eine erste Bremswirkungsiiberwachungseinheit (50) und eine Schalteinheit (32) aufweist, die dazu
dient, abhingig von einer Bremswirkungskenngrofle im ersten Bremsmodus in einen zweiten Bremsmodus umzuschalten, in
welchem die zweite Bremssteuereinheit (30) in einem aktiven Zustand die Leistungsversorgungseinheit (20) zur Bereitstellung
einer Bremswirkung steuert.
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Rail vehicle braking device and method for braking a rail

vehicle

The 1invention relates to a rail vehicle Dbraking device
comprising at least one electrodynamic brake, which comprises a
drive unit, which has at least one drive motor and a power
supply unit for supplying power to the drive motor in a

traction mode of the drive unit.

Rail vehicles in which a braking force is generated by electric
motors are known. The kinetic energy of the vehicle converted
regeneratively into electrical energy during the braking by the
motors 1s converted 1into heat, for example via a braking
resistor, or fed back to the rail road supply grid or else to a

mobile storage unit.

In addition to the electrodynamic, regenerative brake, the rail
vehicles generally furthermore have a full-service friction
brake, 1in which the braking effect 1is achieved pneumatically,

hydraulically and/or mechanically.

In braking systems, it 1s conventional to distinguish between
the types of braking “service braking” and “emergency braking”
(also referred to as “quick-response braking” or “hazard
braking”). While service braking is used for reducing the
velocity of the train, even until it is at a standstill, there
are more restrictive demands placed on emergency braking beyond
this which ensure the greatest possible safety for passengers,
staff and others. Generally, the electrodynamic brake 1is

preferably used for service braking.

In the case of emergency braking, the regenerative brake 1is
generally not used without simultaneous actuation of the

friction brake. The reason for this consists in the until now
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lower level of failsafety of the electrodynmic Dbrake in

comparison with the
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electropneumatic or electrohydraulic friction brake, with the result that, until now, the greatest

possible braking safety can only be achieved using the friction brakes.

However, in the extreme case, which is generally the case for subway trains, this means that a
motor car of a train with the friction brake and the electrodynamic brake has in principle two
full-service braking units, wherein each can itself generate, within a wide travel velocity range, a
braking torque which is sufficient for maintaining the specified braking distances so that, in this

respect, one braking unit could be used in place of the other.

The two braking units have different advantages. While the friction brake ensures greater safety
in the case of emergency braking, the regenerative brake has economic advantages. Thus, for
example, there is no wear in brake linings and brake disks. In addition, partial utilization of the

transformed kinetic energy is possible.
There is a need to increase the safety of the electrodynamic brake.

It is an object of the present invention to substantially satisfy the above need, or to at least

provide a useful alternative.

Accordingly in a first aspect, the present invention provides a rail vehicle braking device
comprising at least one electrodynamic brake, which comprises a drive unit, which has at least
one drive motor and a power supply unit for supplying power to the drive motor in a traction
mode of the drive unit, wherein:

at least two braking control units, wherein, in a first braking mode, a first braking control
unit, in an active state, controls the power supply unit so as to provide a braking effect, a first
braking effect monitoring unit and a switching unit, which is used, in the first braking mode, to
switch over to a second braking mode depending on a braking effect characteristic quantity, in
which second braking mode the second braking control unit, in an active state, controls the

power supply unit so as to provide a braking effect.

In a second aspect, the present invention provides a method for braking a rail vehicle by means
of an electrodynamic brake, which comprises a drive unit, which has at least one drive motor
and a power supply unit for supplying power to the drive motor in a traction mode of the drive

unit, wherein:

AH26(9761902_1):SXY
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a first operating mode, the power supply unit is controlled by a first braking control unit
so as to provide a braking effect;
a braking effect characteristic quantity is detected in the first braking mode;
switchover to a second braking mode takes place depending on the braking effect
characteristic quantity, in which second braking mode a second braking control unit controls the

power supply unit so as to provide a braking effect.

AH26(9761902_1):SXY
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of the electrodynamic brake by wvirtue of an advantageous
redundancy in the control of the drive unit in a braking mode
thereof being provided. With the proposed rail vehicle braking
device, the safety of the electrodynamic brake can achieve that

of a conventional friction brake.

The power supply unit preferably has controllable electronic
elements which, in the traction mode, are controlled in
accordance with a control strategy, in respect of a specific
drive torque to be achieved, so as to supply a corresponding
electric power to the drive motor. The controllable elements
are 1n particular in the form of switching elements or valve
elements which, by means of switching operations corresponding
to a switching strategy, generate a power flow with a matched
voltage, frequency and/or current, with which the drive motor
is driven. In particular, the power supply unit can be in the
form of an inverter which, 1in the traction mode, draws the
required energy from an intermediate circuit, for example a
DC link.

In a braking mode of the electrodynamic brake, the power supply
unit or the controllable elements thereof are expediently
controlled by means of the assigned braking control unit in
such a way that, by means of the drive motor which 1is
operatively connected to the power supply unit, a braking
torque which can be transmitted onto an axle of the rail

vehicle 1s generated.

A “braking effect characteristic quantity” should in particular
be understood to mean a characteristic quantity which can be
used to obtain at least one item of information relating to a
braking effect of the electrodynamic brake. This braking effect
can be a braking effect achieved by means of the electrodynamic
brake or a braking effect which can be achieved by operation of

a braking control unit. In the former alternative, the braking
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effect monitoring unit can comprise
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a sensor unit, by means of which at least one operational
characteristic quantity related to the rail vehicle, such as,
for example, an instantaneous velocity characteristic quantity,
an instantaneous acceleration <characteristic quantity, a
braking force characteristic quantity, etc., can be detected.
In the latter alternative, the braking effect monitoring unit
can evaluate control signals generated by an active braking
control unit for controlling the power supply unit in order to
determine a braking effect which can be achieved by the control
signals. A “braking effect” can in particular be understood to
mean a braking force or a braking torque which <can be

transmitted onto a rail vehicle wheelset.

A further gain 1in safety can be achieved if a sensor unit,
which is provided for detecting the braking effect
characteristic quantity and is wused by a plurality of
independent systems, 1s used in a manner free of feedback. This
can be achieved, for example, by virtue of the fact that lines
between the sensor unit and the different systems are
galvanically isolated in order to keep the systems independent

from one another.

In the second braking mode, the first braking control unit can
continue to be operated by virtue of the second braking control
unit being connected by means of the switching unit. In this
case, a lack of braking effect can be compensated for by means
of the second braking control unit. In a preferred embodiment
of the invention, however, 1t 1is proposed that the first
braking control unit 1s in an 1inactive state 1in the second
braking mode. As a result, undesired effects of faulty
operation of the first braking control unit can be largely
avolded. The switching unit in this case expediently effects

switchover between the two braking control units. An increased
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level of safety during operation of the electrodynamic Dbrake
can also be achieved if the first braking effect monitoring

unit is used for monitoring the first braking
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control unit, and 1f at least one second braking effect
monitoring unit 1s provided for monitoring at least the second

braking control unit.

In this context, 1t is proposed that the rail vehicle braking
device has a further braking apparatus and a switching device,
wherein, 1in the second braking mode, this further braking
apparatus 1s actuated by means of the switching device
depending on a braking effect characteristic quantity. As a
result, in the case of a faulty operation of the second braking
control unit, an additional braking effect can be provided by

means of the further braking apparatus.

In an embodiment which 1s simple in design terms, 1t 1is
proposed that this braking apparatus 1s 1in the form of a

parking brake.

In addition, it is possible to provide alternative brakes as an
embodiment of the further braking apparatus which in particular
have greater performance than a parking brake. Thus, for
example, brakes can be used for providing a sufficient braking
effect which deviate from the regenerative principle of an
electrodynamic brake and demonstrate their braking effect by
virtue of a pressure increase 1in pneumatic or hydraulic brake
cylinders. In addition, an electromagnetic track brake, which
is operated by pneumatic, hydraulic and/or mechanical actuation
of an actuator in conjunction with a magnetic field generated
by a current, can be used as further braking apparatus.
Furthermore, a braking system based on the principle of eddy
currents 1is possible. Connection of or an increase in braking
effects by means of at least one further braking apparatus can

take place until all available brakes are completely connected.

In a further embodiment of the invention, 1t 1is proposed that
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the braking control units differ from one another with respect

to their structural and/or algorithmic
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design. By virtue of the use of different technologies for the
braking control units, a particularly high level of safety can
be achieved since a system with a diverse redundancy can be
provided. Particularly advantageously, the spread of a possible
systematic fault which is specific to a certain technology from
a first braking control unit to a second braking control unit
or a chain of further braking control units can be avoided. The
term “structural” preferably relates to hardware used for the
braking control unit and the term “algorithmic” preferably
relates to an implementation of at least one control function
of a braking control unit by means of software. The differences
in the structural embodiment and/or in the algorithmic
embodiment preferably relate to functions of the braking
control units which are relevant to the activation of the power
supply unit or of controllable elements thereof. In this
proposed embodiment, the Dbraking control units, in an
embodiment of the power supply unit with switching or wvalve
elements, can control the switching or wvalve elements in
accordance with two different switching strategies. In this
case, the switching strategy of the first braking control unit
is different than the switching strategy of the second braking

control unit.

With respect to the algorithmic embodiment, in this context it
is proposed that software for executing at least one control
function 1is 1implemented differently in the second braking
control wunit than in the first braking control unit. A
“different implementation” can 1n particular be understood to
mean that the software of the first Dbraking control unit
differs from the software of the second braking control unit in
respect of the algorithm and/or the programming code. In this
case, 1t 1s advantageous 1f the software of the first and
second braking control units 1s set up by means of different

design tools. Furthermore, it is advantageous 1f
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the software of the braking control units 1is developed by

different people.

With respect to the structural embodiment, it 1is additionally
proposed that one of the braking control units is in the form
of purely hardware-based control. In this case 1t should in
particular be understood that the hardware control relevant for
the activation of the power supply unit takes place without the

use of software.

In order to increase the reliability of the electrodynamic
brake, in a further embodiment of the invention it is proposed
that the rail vehicle braking device has a test mode, in which

the switching unit is tested.

In addition, 1t 1s proposed that the rail vehicle braking
device has an interface to a vehicle emergency brake line, by
means of which emergency braking by means of the electrodynamic
brake can be 1initiated. With the safety level which can be
achieved by the proposed design of the rail vehicle braking
device, 1in particular by the high level of redundancy of the
control units of the electrodynamic brake, a rail vehicle with
an emergency braking apparatus <can be provided, wherein
emergency braking can take place exclusively by means of the
electrodynamic brake with a sufficient safety level. As a
result, a full-service, additional friction brake can
advantageously be dispensed with. For lower velocities, only a
parking brake, for example 1in the form of a spring-loaded
brake, can be retained as friction brake, which prevents the
parked vehicle from rolling away on a slope by means of a
spring energy store. Thus, a marked reduction in the unit costs
of braking components and the weight of the rail vehicle can be

achieved. In an advantageous development of the invention, it
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is proposed that the rail vehicle braking device comprises
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at least one second electrodynamic brake, which comprises a
drive unit, which has a least one drive motor and a power
supply unit for supplying power to the drive motor in a
traction mode of the drive unit, and at least one braking
regulation unit, which has the respective power supply unit and
at least one braking control unit, which, in a first braking
mode, controls the respective power supply unit so as to
provide a braking effect, wherein the braking control units are
at least component parts of a braking monitoring apparatus
assigned to the second brake. As a result, a braking monitoring
device can be provided for the second brake which 1is
independent of the braking regulation unit of the second brake.
In this case, evaluation and decision-making ©processes
implemented in the braking monitoring device are implemented by
the braking control units of the other brake, with the result
that these processes are independent of processes of the
braking regulation unit of the second brake. Owing to the
independence of the braking monitoring device of the second
brake from the braking regulation unit thereof, advantageous
isolation of the control functions and the monitoring functions
of the second brake can be achieved, wherein a high level of
safety with respect to spreading of systematic faults from a
control or regulation unit onto a monitoring unit can be
achieved. The braking monitoring device for the second brake
furthermore comprises at least two monitoring devices 1in the
form of braking control units, with the result that an
advantageously diverse redundancy of the braking monitoring

device can be achieved.

Furthermore, it 1s proposed that at least the braking
regulation unit of the second brake forms a braking monitoring
apparatus assigned to the first Dbrake. As a result,
advantageous mutual, 1in particular crossed-over monitoring of

the electrodynamic brakes can be achieved.
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An exemplary embodiment of the invention will be explained with

reference to the drawings, in which:

figure 1 shows a rail vehicle comprising drive axles and drive

units assigned thereto,

figure 2 shows a control circuit for controlling a drive unit
in a braking mode, comprising two different braking

control units, and

figure 3 shows the control circuit shown in figure 2 and a
further control circuit, which 1is equipped with a

monitoring function.

Figure 1 shows a rail vehicle 10 in the form of a traction
vehicle in a very schematized side view. It has idler axles 12
and drive axles 14, which are driven in a traction mode by
means of drive units 16, 116. A braking operation of the rail
vehicle 10 takes place by means of the drive units 16, 116,
which in this case each have the function of an electrodynamic
brake. For braking operations at low velocities, in each case a
further braking apparatus 17, 117 is provided, which is in the
form of a parking brake (illustrated schematically 1in the

figure) embodied as a spring-loaded brake.

The control of the drive unit 16 as part of an electrodynamic
brake will be explained 1in more detail with reference to
figure 2. The drive unit 16 has at least one drive motor 18,
which can be in the form of an AC machine. In order to supply
electrical power to the drive motor 18, the drive unit 16
furthermore comprises a power supply unit 20, which 1is
operatively connected to the drive motor 18. In an embodiment
which 1is not shown, the drive unit 16 can have a plurality of

drive motors, which are supplied power by the same power supply
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unit 20. The power supply unit 20 is known from the prior art
and has an inverter (not illustrated in any more detail),

which, in a traction mode of the



PCT/EP2013/054057 - 10 -
2012P04120WQOUS

drive unit 16, generates a current which is variable in voltage
and frequency according to the power to be provided for the
drive motor 18 starting from a DC 1link, by virtue of the
actuation of electronic switching elements, also referred to as
“valves”. The energy available in the DC link 1is drawn from a
high-voltage grid supply 26, which is operatively connected to
a railroad grid supply via further electrical conversion
devices (not illustrated), such as in particular a transformer
or a voltage converter, a rectifier, etc. In the traction mode
of the drive unit 16, the switching elements of the inverter
are controlled in accordance with a switching strategy in order
to generate, via the drive motor 18, a drive torgque onto the

assigned drive axles 14.

The drive motor 18 forms, together with a braking regulation
unit 22, an electrodynamic brake 24. The braking regulation
unit 22 comprises, in addition to the power supply unit 20, two
braking control units 28 and 30, which are each provided to
control, 1n an active state, the power supply unit 20 for a
braking operation of the electrodynamic brake 24. The braking
control units 28, 30 are each provided for controlling, 1in a
braking mode of the drive unit 16, the switching elements of
the inverter of the power supply unit 20 in accordance with a
switching strategy in such a way that a braking torque 1is
exerted on the assigned drive axle 14 via the drive motor 18.
During a braking operation by means of the electrodynamic
brake 24, the drive motor 18 acts as a generator, wherein the
energy converted 1nto electrical current in the Dbraking
operation 1s converted 1into heat by means of a braking
resistor 31. As an alternative or in addition, the energy can
be fed back to the high-voltage grid supply 26, used on the

vehicle or stored in a mobile storage unit.

The first braking control unit 28 1s operatively connected to
the power supply unit 20 via a switching unit 32, whose

function will be explained further below. In addition to an
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interface for the power supply unit 20, the braking control
unit 28 has further interfaces, by means of which 1t 1is
operatively connected to a sensor unit 34. The sensor unit 34
is used for detecting a velocity characteristic quantity v and
a mass characteristic quantity m, which represent input signals
for the generation of control signals by the braking control
unit 28. The braking control unit 28 is furthermore operatively
connected to the rail vehicle management system via further
interfaces by virtue of it being connected to a databus 36 of
the rail vehicle 10, and to the rail vehicle main overhead
line 38. Via these further interfaces, further input parameters
for the braking control unit 28 can be provided, such as in
particular a characteristic quantity which, 1in the case of
service Dbraking, represents a braking effect which is set by
the vehicle driver or by an automatic vehicle control system.
The braking control unit 28 1is supplied electrical energy via a
vehicle electric power supply 40 and is additionally
operatively connected to a vehicle emergency brake line 42 via
an 1interface 41, via which wvehicle emergency brake line

emergency braking of the rail vehicle 10 can be initiated.

On the basis of the abovementioned input parameters, the
braking control unit 28, in a first braking mode, in which it
is in an active state, generates control signals 44, which are
controlled Dby the power supply unit 20 corresponding to a
specific braking effect to be achieved, in particular
corresponding to a specific braking torque to be achieved. For
this purpose, the braking control unit 28 has at least one
arithmetic logic unit 46 and a memory unit 48, in which
software 1is stored. In particular the braking mode switching
strategy for the switching elements of the 1inverter 1is

programmed in this software.

A first braking effect monitoring unit 50 of a first braking
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monitoring apparatus 53 1is assigned to the braking control
unit 28 and 1is provided to monitor the braking effect which 1is

achieved or can be achieved by the electrodynamic
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brake 24. For this purpose, a braking effect characteristic
quantity, in particular a Dbraking torque characteristic
quantity, 1is used and compared with a setpoint wvalue. The
braking effect characteristic quantity can be detected, for
example, by means of an acceleration sensor and/or determined
by means of an evaluation of the wvelocity characteristic
variable v. As an alternative or 1in addition, the braking
effect characteristic quantity can be determined by means of
monitoring the control signals 44 generated by the braking
control unit 28. Exemplary detection of the braking effect
characteristic quantity, which 1s denoted by the reference
sign Bl, 1is illustrated schematically in figure 3 by a sensor
unit 58 or 158.

The braking regulation unit 22 comprises, as already mentioned
above, a second braking control unit 30. This is provided for
implementing at least the control function described above for
the first braking control unit 28 for controlling the power
supply unit 20 in a second braking mode of the drive unit 16.
It is used in particular for taking on the control of the power
supply unit 20 in the event of faulty operation of the first

braking control unit 28.

If it 1s 1identified by means of the first braking effect
monitoring unit 50 that the braking effect which is generated
or <can be achieved by the electrodynamic brake 24 1is
insufficient, the braking control unit 28 1s considered as
faulty and, as a fallback measure, there 1is a switchover by
means of the switching unit 32 to a second braking mode of the
electrodynamic brake 24, 1in which the second braking control
unit 30, in its active state, controls the power supply unit 20
so as to provide a braking effect. In this second braking mode,
the first, faulty braking control unit 28 1s switched into an

inactive state. In order to prevent driving during operation
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of the second braking control unit 30 in the second braking
mode, it 1s advantageous 1f, with the switchover by the
switching unit 32, isolation from the high-voltage grid supply
26 also
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takes place. This takes place by means of a grid disconnector
switch 51.

A second braking effect monitoring unit 52 of the braking
monitoring apparatus 53 1s assigned to the second braking
control unit 30. The braking effect monitoring units 50, 52 can
be formed by units which are physically separate from one
another or they can be formed at least partially by a common
structure. In particular, the braking effect monitoring units
50, 52 can be formed completely by the same structure. The
second braking effect monitoring unit 52 1s provided for
monitoring the braking effect which is or can be achieved by
means of the electrodynamic brake 24 in the second braking mode
thereof with the second braking control unit 30. For this
purpose, as already described above, a braking effect
characteristic quantity, in particular a Dbraking torque
characteristic quantity, 1is detected or determined and compared
with a setpoint wvalue. This braking effect characteristic
quantity can 1in particular correspond to the braking effect

characteristic quantity BIl.

If it 1s identified by means of the second braking effect
monitoring unit 52 that the braking effect which is generated
or can be achieved by the electrodymamic brake 24 1is
insufficient, the braking control unit 30 is considered to be
faulty and, as a fallback measure, the further braking
apparatus 17 1s actuated by means of a switching device 54

controlled by the second braking effect monitoring unit 52.

The Dbraking control units 28, 30 are Dbased on different
technologies. A  technology includes the structural, or
hardware-based, and/or the algorithmic, or software-based
design. In an exemplary configuration, the first Dbraking

control unit 28 can be in the form of a signal processor (also

referred to as “SIP”), wherein the algorthimic implementation
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can correspond to field-oriented control. The second braking
control unit 30 can be in the form of a field programmable gate

array
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(FPGA), wherein the algorithmic implementation can correspond

to switching-oriented control.

In accordance with an alternative embodiment, the second
braking control unit 30 1is designed in such a way that the
activation of the power supply unit 20 takes place exclusively
by a functionality realized by means of hardware, without the
use of software, while the first braking control unit 28 1is
based on a hardware-based and software-based implementation of

the control functions.

If the two braking control units 28, 30 are based on a
software-based implementation 1n respect of at 1least one
control function, the corresponding software is implemented
differently in the braking control units 28, 30. In this case,
in particular, the programming codes provided for executing the
control function differ in that the codes are established by

different people and/or different tools, for example.

By virtue of the different embodiments of the braking control
units 28, 30, the switching elements of the inverter of the
power supply unit 20 are controlled by the first braking
control unit 28 in accordance with a first switching strategy
and by the second braking control unit 30 in accordance with a
second switching strategy, which is different than the first

switching strategy.

In order that the switchover from one braking control unit to
the other takes place reliably, the switching unit 32 assigned
to the drive unit 16 is tested for its functionality at regular
and sufficiently short time intervals. For example, when the
rail wvehicle 10 1s at a standstill, for example during
upgrading or performance of a brake test, the activation of the
switching elements of the inverter is generated in accordance

with a certain test pattern by one of the braking control
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units 28, 30. At least one sensor unit 1s provided for this
purpose, which sensor unit has, for example, a phase current

transformer and/or
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a DC 1link voltage transformer and which detects an effect of
the activation. Once the test with the first braking control
unit 28 has been performed, the second braking control unit 30
is switched into 1its active state by means of the switching
unit 32 and the test is repeated, preferably with a different
test pattern. If an expected shift 1in the respective test
pattern is identified, the switching unit 32 is considered to
be fault-free.

The above description 1is also applicable in relation to the
drive wunit 116, which 1is part of a second electrodynamic
brake 124 of the rail vehicle 10. The power supply unit of the
drive unit 116 forms, with the braking control units 128, 130,
a braking regulation unit 122, as illustrated in figure 3. The
braking regulation units 22, 122 of the rail vehicle 10, in
each case with their braking control units and their power
supply unit, are designed such that, in interaction, they can
effect emergency braking by means of the drive motors 18
assigned thereto on the drive axles 14 of the rail vehicle 10.
In other words, the braking regulation units 22, 122 are
designed to generate, in interaction, a braking torque which is
required for implementing emergency Dbraking at least at the

drive axles 14.

Exemplary implementation of the braking monitoring apparatus 53
with 1ts braking effect monitoring units 50, 52 will now be

described with reference to figure 3.

Figure 3 shows, on the left-hand side, the drive unit 16, which
comprises, as described above, at least the drive motor 18 and
the power supply unit 20 (see figure 2). In addition, the
braking control units 28, 30, which together with the power
supply unit 20 form the braking regulation unit 22, are
represented. The braking regulation unit 22 forms, together

with the drive motor 18, the electrodynamic brake 24, which
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will be referred to below as “first electrodynamic brake 24”.
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The braking regulation unit 22 has the switching unit 32, which
is provided for implementing a fallback measure of the first
brake 24 in order to switch over between the first braking mode
of the braking regulation unit 22, in which the first braking
control unit 28 controls the power supply unit 20 so as to
provide a braking effect, and a second braking mode of the
braking regulation unit 22, in which the second braking control
unit 30 controls power supply unit 20 so as to provide a
braking effect. Figure 3 1illustrates an actuator 33 for

actuating the switching unit 32.

The rail vehicle 10 has, as also illustrated in figure 1, the
further drive unit 116. The drive unit 116, which, in the same
way as the drive unit 16, comprises at least one drive motor
and a power supply unit, is part of an electrodynamic
brake 124, which is largely, 1in particular completely identical
to the electrodynamic brake 24. Reference is therefore made to
the description above relating to the electrodynamic brake 24

so as to avoild unnecessary repetition.

The electrodynamic brake 124, which 1s referred to below as
“second electrodynamic brake 124”7, has the drive motor of the
drive unit 116 and a braking regulation unit 122. Said braking
regulation unit comprises the power supply unit of the drive
unit 116 and two braking control units 128, 130, which are each
provided for controlling, in an active state, this power supply
unit for a braking operation of the electrodynamic brake 124.
The Dbraking regulation unit 122 has a switching unit 132
comprising actuator 133, which switching unit has the same
function as the switching unit 32 in the first electrodynamic
brake 24; it 1s provided for switching over between the first
braking mode of the braking regulation unit 122, in which the
first braking control unit 128 controls the power supply unit

of the drive unit 116 so as to provide a braking effect,
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and a second braking mode of the braking regulation unit 122,
in which the second braking control unit 130 controls this
power supply unit so as to provide a braking effect, in order

to implement the respective fallback measure.

In addition, the mechanical braking apparatus 17, which 1is
assigned to the first electrodynamic brake 24, and the further
mechanical braking apparatus 117, which 1s assigned to the

second electrodynamic brake 124, are illustrated.

The monitoring of the first electrodynamic brake 24 described
above with reference to figure 2 takes place in the exemplary
embodiment under consideration at least by means of the braking
regulation unit 122 of the second electrodynamic brake 124.
Hereby, the braking monitoring device 53 assigned to the first
brake 24 is formed at least by the braking regulation unit 122
of the second brake 124.

The braking monitoring device 53 1illustrated in figure 2 1is
formed by the braking control units 128, 130 of the braking
regulation unit 122 of the second brake 124 and by a further

monitoring unit 56 separate therefrom.

The braking monitoring apparatus 53 1is provided, in particular
programmed, with a first monitoring function, in which this
braking monitoring apparatus 53, in addition to the above-
described control tasks of the braking control units 128, 130
for controlling the power supply unit of the drive unit 116, 1is
in the form of a first braking effect monitoring unit 50, which
is provided for monitoring the first brake 24 in the first

braking mode thereof.

This monitoring function 1is based on a monitoring task
described below which 1s performed by each of the braking

control units 128, 130 and the monitoring unit 56 in parallel
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and largely, 1in particular completely, 1independently. These

units are each operatively connected



PCT/EP2013/054057 - 18 -
2012P04120W0OUS

to a sensor unit 58, which 1s provided for detecting or
determining a first braking effect characteristic quantity Bl
for the first braking mode of the first electrodynamic
brake 24.

The Dbraking effect characteristic quantity Bl can be in
particular a braking torque characteristic quantity, wherein
the sensor unit 58 can be mechanically coupled, for example, to
an axle 14 drivable by the drive motor 18 and can be in the
form of a torque sensor, for example. The sensor unit 58 1is
illustrated schematically and can comprise one Or more sSensors,
wherein the sensor wunit 58 provides the braking effect

characteristic quantity Bl from one or more measured variables.

In a further embodiment, a plurality of braking effect
characteristic quantities can be detected by the sensor unit
58, which braking effect characteristic quantities differ from
one another in terms of their type and are each evaluated by a
different unit of the braking monitoring apparatus 53, as

described in more detail below.

As already described above, the braking control units 28, 30 of
the first brake 24 are based on different technologies. This
applies correspondingly for the braking control units 128, 130.
A technology 1s interpreted as the structural, or hardware-
based, and/or the algorithmic, or software-based, design. In an
exemplary configuration, the first braking control unit 128 can
be in the form of a signal processor (also referred to as
“SIP”), wherein the algorithmic implementation corresponds to
field-oriented control. The second braking control unit 130 can
be 1in the form of a field programmable gate array (FPGA),
wherein the algorithmic implementation corresponds to

switching-oriented control.

In accordance with an alternative embodiment, the second
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braking control unit 130 is embodied in such a way that the
activation of the power supply unit of the drive unit 116 takes
place exclusively by a functionality implemented by means of

hardware,
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without the use of software, while the first braking control
unit 128 1is Dbased on a hardware-based and software-based

implementation of the control functions.

If the two braking control units 128, 130 are based on a
software-base implementation in respect of at least one control
function, the corresponding software is implemented differently
in the braking control units 128, 130. In this case, 1in
particular the programming codes provided for executing the
control function differ by virtue of the <codes Dbeing
established by different people and/or different tools, for

example.

Owing to these differences, which apply to the control function
of the braking control units in the respective braking mode,
each of the braking control units 128, 130 can monitor the
braking effect of the first brake 24 in the first braking mode
thereof in each case 1in accordance with an individual method,
which differs from the method of the other braking control
unit. The braking control wunits 128, 130 of the braking
regulation wunit 122 of the second brake 124 accordingly
correspond 1in terms of the 1implementation of monitoring
functions to two monitoring devices 127, 129 of the braking
monitoring apparatus 53, which two monitoring devices differ
from one another in terms of the above-described features. In
particular, they differ from one another with respect to their
structural and/or algorithmic design. If they each have
software for executing monitoring functions, this software 1is

implemented differently.

The monitoring unit 56 1s based on a technology which differs
from the technologies of the braking control units 128, 130 or
the monitoring devices 127, 129. For example, the monitoring

unit 56 can be based on CPLD (“Complex Programmable Logic
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Device”) technology. The monitoring of the braking effect
generated by the first brake 24 can accordingly take place in

accordance with a method which
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differs from the methods of the braking control units 128, 130

or monitoring devices 127, 129.

The monitoring task to be performed by each braking control
unit 128, 130 and by the monitoring unit 56 consists 1in
determining, on the basis of the braking effect characteristic
quantity Bl, whether the braking effect generated by the first
brake 24 in the first braking mode thereof is sufficient. Owing
to the different technologies, 1in the exemplary embodiment
under consideration the monitoring mechanism with which the
braking control units 128, 130 and the monitoring unit 56 are
equipped for implementing the first monitoring function 1is
realized in each case in a different way and is different for
each of these units. In particular, the different monitoring
mechanisms can be realized by different monitoring software.
The monitoring task is therefore performed largely separately,
in particularly completely separately, in each case by means of
a different method, i.e. by means of a different implementation
of the task by these units.

As already mentioned above, 1in a particular embodiment a
plurality of braking effect characteristic quantities can be
detected by the senior unit 58, which Dbraking effect
characteristic quantities differ from one another in terms of
their type and are each evaluated by a different unit of the
braking monitoring apparatus 53. The type of braking effect
characteristic quantities 1s 1in this case determined by the
technology of the respective unit of the braking monitoring

apparatus 53.

The braking control units 128, 130 of the second brake 124,
i.e. the monitoring devices 127, 129 and the monitoring unit
56, are each provided for outputting an error signal during
performance of this monitoring task depending on the first
braking effect characteristic quantity Bl or on the respective

braking effect characteristic quantity. This error signal is
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output by each of these units i1f the evaluation of the braking
effect characteristic quantity Bl or of the respective braking
effect
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characteristic quantity by the respective unit has the result
that an insufficient braking effect of the first brake 24 in
the first braking mode thereof is considered to be identified.
Owing to the different implementation of the monitoring task in
each of the mentioned units, a largely 1independent, 1in
particular completely independent output of an error signal by
the units of the Dbraking monitoring apparatus 53 can take

place.

The actuation of the switching unit 32 as described above only
takes place when at least two error signals are output. For
this purpose, a trigger unit 60 1is used which, as part of the
first braking monitoring apparatus 53, 1s operatively connected
to an output of the braking control wunits 128, 130 (or
monitoring units 127, 129) and the monitoring unit 56, on one
side, and to the switching unit 32, in particular to the
actuator 33, on the other side. The trigger unit 60 (also
referred to as “Woter” device) has three lines connected 1in
parallel with one another, which lines are electrically
connectable to a common voltage source 62 and Jjolintly to the
actuator 33. In each case two switches are arranged in each
line, wherein the switches are in an open position during
performance of the monitoring task by the braking control units
128, 130 and the monitoring unit 56, and therefore in the first
braking mode of the first brake 24. As a result, an electrical
connection between the voltage source 62 and the actuator 33 is
disconnected. This electrical connection can be produced by
closing both switches in at least one line, as a result of
which the switching unit 32 is actuated. The switches are each
closed by means of an error signal, which 1is present at the
output of a unit of the braking monitoring apparatus 53. In
each 1line, the switches are each operatively connected to a
different unit, with the result that closing of both switches
in this 1line and therefore the actuation of the switching

unit 32 only take place when an error signal 1s output by
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two different units of the braking monitoring apparatus 53.

The monitoring task, namely the individual evaluation of the
braking effect characteristic quantity Bl or of the respective
braking effect characteristic quantity by the braking control
units 128, 130 and the monitoring unit 56 is performed by these
units largely independently of one another, as described above.
The monitoring function comprises this monitoring task and 1is
performed by the actuation of the switching unit 32 by an
interaction of the units of the braking monitoring
apparatus 53, 1i.e. the monitoring devices 127, 129 and the
monitoring unit 56, 1in particular by a combination of the

results of the individual monitoring tasks.

With the actuation of the switching unit 32, when there is an
insufficient Dbraking effect of the first electrodynamic
brake 24 in the first braking mode thereof, a fallback measure
is initiated, which corresponds to the second braking control
unit 30 taking on the control of the power supply unit 20 as

described further above.

The braking monitoring apparatus 53 1is provided, in particular
programmed, with a second monitoring function, in which 1t 1is
in the form of a second braking effect monitoring unit 52, in
addition to the above-described control tasks of the braking
control units 128, 130 for controlling the power supply unit of
the drive unit 116 (see figure 2), which second braking effect
monitoring wunit 52 1s provided for monitoring the first

brake 24 in the second braking mode thereof.

This second monitoring function 1s based on a monitoring task
which 1s performed largely separately by each of the braking
control wunits 128, 130 and the monitoring unit 56 and 1is
identical to the monitoring task of the first monitoring
function. The second monitoring function differs from the first

monitoring function by way of the use of a further trigger
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unit 64, which, as
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part of the braking monitoring apparatus 53, 1s operatively
connected to an output of the braking control units 128, 130 or
the monitoring unit 56, on one side, and to the switching
device 54 (see also figure 2), in particular to the actuator 55
thereof. The trigger unit 64 (also referred to as the “Woter”
device) has three series-connected pairs of parallel lines,
which are electrically connectable to the common voltage source
62 and jointly to the actuator 55. For each pair of lines, 1in
each case one switch 1s arranged in both lines, wherein the
switches are in a closed position during the performance of the
monitoring task by the braking control units 128, 130 and the
monitoring unit 56, and therefore during the second braking
mode of the first brake 24. As a result, an electrical
connection 1is produced between the voltage source 62 and the
actuator 55. This electrical connection can be interrupted by
opening both switches in at least one line pair, as a result of

which the switching unit 54 is actuated.

The switches are each opened by means of an error signal, which
is present at the output of a unit of the braking monitoring
apparatus 53. In each line pair, the switches are in each case
operatively connected to a different unit, with the result that
opening of both switches in this line pair and therefore the
actuation of switching device 54 only take place when an error
signal 1s output Dby two different wunits of the braking

monitoring apparatus 53.

During the second braking mode of the first brake 24, the
switching unit 54 is in a closed position, as a result of which
an electrical connection between a voltage source 66 and the
braking apparatus 17 1is produced. In this case a signal
“release of the braking apparatus 17” 1is set. If the switching
unit 54 is actuated, this electrical connection is
disconnected, as a result of which a signal “application of the

braking apparatus 17” is generated.
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The figure also shows a control line 67, by means of which the
braking apparatus 17 can be actuated at any time by means of a

command by the vehicle driver.

The monitoring task, namely the individual evaluation of the
braking effect characteristic quantity Bl or the respective
braking effect characteristic quantity by the braking control
units 128, 130 and by the monitoring unit 56 1is performed by
these units largely independently of one another, as described
above. The monitoring function comprises this monitoring task
and 1s performed by the actuation of the switching unit 54 by
interaction of these units, in particular by a combination of

the results of the individual monitoring tasks.

With the actuation of the switching device 54, when the braking
effect of the first electrodynamic brake 24 1in the second
braking mode thereof 1is insufficient a fallback measure 1is
initiated, which corresponds to the actuation of the mechanical
brake 17 described further above. The second braking mode
should continue to take effect until the braking operation 1is

at an end.

During implementation of the first braking mode, in which the
first monitoring function can be performed by means of the
trigger unit 60, the trigger unit 64 provided for the second
monitoring function 1s 1inactive by virtue of a permanent
electrical connection, which is independent of the
configuration of the trigger unit 64, being produced between
the voltage source 62 and the actuator 55. This electrical
connection 1s interrupted by a switch 68 on transfer to the
second braking mode, which switch is opened during actuation of
the switching unit 32 by the actuator 33. The electrical
connection then only remains via the trigger unit 64, which 1is

therefore set to an active state.
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During the implementation of the second braking mode, in which
the second monitoring function can be performed by means of the
trigger unit 64, the trigger unit 60 provided for the first
monitoring function 1s 1inactive by virtue of a permanent
electrical connection, which is independent of the
configuration of the trigger unit 60, being produced between a
voltage source 70 and the actuator 33. In addition, a resetting
unit 72 is provided for the switching unit 32, which resetting
unit 1s used for bringing the first braking control unit 28
back into operation after the end of the second braking mode or
after completion of a braking operation by means of the braking
apparatus 17. This takes place by means of a signal S, which
actuates an actuator 74, by means of which a switch 76
disconnects the electrical connection of the actuator 33 to the
voltage source 70. With this disconnection, activation of the
actuator 33 takes place, which actuator performs the following
switching operations: the switching unit 32 1s reset, with the
result that the braking control unit 28 1s again operatively
connected to the power supply unit 20; the switch 68 1is
actuated, with the result that an electrical connection between
the voltage source 62 and the actuator 55 is produced, and as a
result, the trigger unit 64 1s deactivated; a switch 78
disconnects an electrical connection Dbetween a voltage
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