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The invention relates to a rall 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 brake effect.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




. R
: : : 5is v T ohes®se R | T s . - . N O e i e et st e T Lt DT A e et : 3
: . .. . e, O 08 aged DA cat traee Se seee’ e Sate e, ® o et gt L. TSes s R SRR LER L PRI T R e ) P N O T T ol M A U MY L] . - N eads S L O P R KR LI A ek A AN Ul Sesmetegeat et U0 ey et AT lel e PR R O, WY : Lo ol O LA i N L TS S CALL oY S Y AN e e R ST » R T E e e C RSt W T b LR L e L L XA L MURLL RS L T i L S SR I A Rt L
. et e e T e e At e o f bt Tl e e A N N A L A N AL R D A R n N e T T e T T A s S T AT p I T N POCAE STALIWIC r R AN arch ?:.._'_w.d-h.’.{':'.- Vs -",:(..:'.:.'_'.:-'_'.\':.':‘.'.':_-‘_'..'ﬁ.g!-fd'_z'.'kl:'_').n:./_".'.\.'-\.’."-'—*--* PO ':"‘""-"""";-_"':;;f'?'i:'.":"-'\‘""3‘.""}:‘"67“';—/"'2‘ £ m’-"‘,' R B A A S L N P NN P S T RN S g T ORI AN e R v-".,_;o‘g;ﬁ': o TS AP o A P A A s AL S a5 S P B Ll L S raas
T : — e S e el ey R e e ARSELESS e pronliic gl T N o o o o e e o e e T T o tms s — = e S it £ S S T T IR NS R e AT LA L ey L L - =t Ve AN A Tens

PN TR

CA 02865743 2014-08-277

? -

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) 1s 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) 1n an active state controls the power supply unit (20)

for providing a brake effect.
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—  vor Ablauf der fiir Anderungen der Anspriiche geltenden (88) Kergﬁenhtliclﬁulfglsl(tlaotum des internationalen
Frist;  Verdffentlichung  wird  wiederholt,  falls CCRErchcnberichs.

Anderungen eingehen (Regel 48 Absatz 2 Buchstabe h) 21. November 2013

zumindest einen Antriebsmotor (18) und eme Leistungsversorgungseinheit (20) zum Versorgen des Antriebsmotors (18) in einem
Traktionsmodus der Antriebsemheit (16) aufweist. Um die Sicherheit der elektrodynamischen Bremse zu erhohen, wird
vorgeschlagen, dass die Schienenfahrzeugbremsvorrichtung zumindest zwei Bremssteuereinheiten (28, 30), wobel in einem ersten
Bremsmodus eimne erste Bremssteuereinheit (28) in einem aktiven Zustand die Leistungsversorgungseinheit (20) zur Bereitstellung
ceiner Bremswirkung steuert, eine erste Bremswirkungsiiberwachungseinheit (50) und eine Schaltemheit (32) autweist, die dazu
dient, abhéngig von emer Bremswirkungskenngrofle im ersten Bremsmodus i emnen zweilten Bremsmodus umzuschalten, in
welchem die zweite Bremssteuereinheit (30) i einem aktiven Zustand die Leistungsversorgungseinheit (20) zur Bereitstellung
emer Bremswirkung steuert.
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Rail wvehicle braking device and method for braking a rail

vehicle

The invention relates to 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 wunit for supplying power to the drive motor 1in a

traction mode of the drive unait.

Rail vehicles in which a braking force is generated by electric
mot’ors are known. The kinetic energy of the vehicle converted
regeneratively into electrical energy during the braking by the
motors 1s converted into heat, for example via a braking
resistor, or fed back to the raill 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 is achieved pneumatically,

hydraulically and/or mechanically.

In braking systems, it 1s conventional to distinguilish 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 is
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 brake 1in

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, 1in the extreme case, which 1s 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 Dbraking 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 i1n 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 1s possible.

The invention is based on the object of increasing the safety

of the electrodynamic brake.

In this regard, it 1s proposed that the rail vehicle braking
device has at least two braking contreol units, wherein, in a
first braking mode, a first braking control unit, in an active
state, controls the power supply unit so0 as to provide a
braking effect, a first braking effect monitoring unit and a
switching unit, which is used, i1n 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, 1n an active state, controls

the power supply unit so as to provide a braking effect. As a
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result, a rail vehicle braking device can be provided which has

a high degree of safety in respect of faulty operation
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of the electrodynamic brake by wvirtue of an advantageous
redundancy in the control of the drive unit 1n 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, 1in 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 in particular in the form of switching elements or wvalve
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 1in the
form of an inverter which, in the traction mode, draws the

required energy from an 1ntermediate 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 sﬁpply unit, a braking
torque which can be transmitted onto an axle of the rail

vehicle is generated.

A “braking effect characteristic gquantity” 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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ffect 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 effeét",can-in'particular be understood to
mean a braking force or a braking torque which can be

transmitted onto a rail vehlicle wheelset.

A further gain 1in safety can be achieved 1f a sensor unit,

which 1s provided for detecting the braking effect
characteristic quantity and 1s used 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 1s proposed that the first

braking control unit is in an 1nactive state in the second

“braking mode. As a result, undesired effects of faulty

operation of the first braking control unit can be largely
avoided. The switching unit 1in 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 brake

can also be achieved 1i:

- the

first braking effect monitoring

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

monitoring unit is provided for monitoring at least the second

braking control unit.

In this context, it 1s proposed that the rail vehicle braking
device has a further braking apparatus and a switching device,
wherein, in the second braking mode, this further braking

—
—

apparatus 1is actuated by means of the switching device

depending on a brakiﬁg effect characteristic gquantity. 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, it 1s

proposed that this braking apparatus is 1in the form of a

parking brake.

In addition, it 18 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 in 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 18 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, it is proposed that

REICER
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the braking control units differ from one another with respect

to thelr 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 1s 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 braking control units, 1in an
embodiment of the power supply unit with switching or wvalve
elements, can control the switching or valve 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 1mplemented differently 1in the second braking
control wunit than 1n the first braking control unit. A

“*different implementation” can 1in particular be understood to

mean that the software of the first braking control wunit
differs from the software of the second braking control unit in
respect of the algorithm and/or the programming code. In this
case, it 1is advantageous if the software of the first and
second braking control units 1s set up by means of different

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

different people.

With respect to the structural embodiment, it i1s additionally
proposed that one of the braking control units i1s in the form
of purely hardware-based control. In this case 1t should 1in
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, 1in which

the switching unit is tested.

In addition, it 1s proposed that the rail wvehicle 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 initiated. With the safety level which can be

achieved by the proposed design of the rail wvehicle braking
device, 1in particular by the high level of redundancy of the
control units of the electrodynamic brake, a rail vehicle with
an emergency Dbraking 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 veloclities, 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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at least one second electrodynamic brake, which comprises a
drive unit, which has a least one drive motor and a poOwer
supply unit for supplying power to the drive motor 1in a
traction mode of the drive unit, a.nd 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 Dbrake 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 Iindependent 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 unilt can be
achieved. The braking monitoring device for the second brake

furthermore comprises at least two 'monitoring devices in the

form of braking control units, with the result that an
advantageously diverse redundancy of the braking monitoring

device can be achieved.

Furthermore, it 1is ©proposed that at 1least the braking
regqulation unit of the second brake forms a braking monitoring
apparatus assigned to the first brake. As a result,
advantageous mutual, in 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 raill vehicle comprising drive axles and drive

units assigned thereto,

figure 2 shows a control circuit for controlling a drive unit
1in 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 eqguipped 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 i1n this case each have the function of an electrodynamic
brake. For braking operations at low velocities, 1n each case a
further braking apparatus 17, 117 is provided, which is in the
form of a parking brake (illustrated schematically in the

figure) embodied as a spring-loaded brake.

The control of the drive unit 16 as part of an electrodynamic
brake will be explained in 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 is

operatively connected to the drive motor 18. In an embodiment

N

which 1s not shown, the drive unit 16 can have a plurality o:

drive motors, which are supplied power by the same power supply
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unit 20. The power supply unit 20 1s known from the prior art
and has an 1nverter (not 1llustrated 1n any more detaill),
which, in a traction mode of the
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drive unit 16, generates a current which 1s variable in voltage

and frequency according to the power to be provided for the

-

drive motor 18 starting from a DC 1link, by wvirtue of the

actuation of electronic switching elements, also referred to as

“valves”. The energy available in the DC link is drawn from a

high-voltage grid supply 26, which 1is 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 1nverter

are controlled in accordance with a switching strategy in order

to generate, via the drive motor 18, a drive torque 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

contreol, 1in 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, in 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 wvia 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 1is converted into 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 is 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 it 1is
operatively connected to a sensor unit 34. The sensor unit 34
1s 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 wvirtue of it being connected to a databus 36 of

the rail wvehicle 10, and to the rail wvehicle 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, in the case of

service braking, represents a braking effect which is set by
the vehicle driver or by an automatic vehicle control system.
The braking control unit 28 is supplied electrical energy via a
vehicle electric power supply 40 and 1s additionally
operatively connected to a vehicle emergency brake line 42 via
an interface 41, +via which +vehicle 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
1s in an active state, generates control signals 44, which are
controlled by 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 1s stored. In particular the braking mode switching

strategy for the switching elements of the inverter 1is

programmed 1in 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 is provided to monitor the braking effect which 1is

achieved or can be achieved by the electrodyhamic

WA=t -




..........

..........

CA 02865743 2014-08-27
L . 2

PCT/EP2013/054057 - 12 -
2012P04120W0US

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 velocity characteristic
variable v. As an alternative or 1n addition, the braking
effect characteristic quantity can be determined by means of

monitoring the control signals 44 generated by the braking

contro'l'" unit 28. Exemplary detection of the braking effect
characteristic gquantity, which 1s denoted by the reference
sign Bl, is illustrated schematically 1n 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 1s 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.

monitoring unit 50 that the braking effect which 1s generated

or can be achieved by the electrodynamic brake 24 1is
insufficient, the braking control unit 28 1is considered as
faulty and, as a fallback measure, there 1is a switchover by
means of the switchling unit 32 to a second braking mode of the
electrodynamic brake 24, 1n which the second braking control
unit 30, 1in 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 is switched into an

inactive state. In order to prevent driving during operation

If it 1s identified by means of the first braking effect
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switching unit 32, isolation from the high-voltage grid supply

26 also

et Ve .

i L s e L L L e e ———————

AN e ey
.....

T T T P, e e e e e § g 7 € e M 4 o



TR =it £ - S — .
A T T T Y I e e T e R e e e ey e g 2 - e

. .-,9_.1';:;',;«'ﬁt',:,._'\-._?:',';: VL AT

CA 02865743 2014-08-27

2

PCT/EP2013/054057 - 13 -
2012P04120W0OUS

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 wunits 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 -structuré.. The
sécond 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 braking torgue
characteristic quantity, is detected or determined and compared
with a setpoint wvalue. This braking effect characteristic
quantity can 1n particular correspond to the braking effect

characteristic quantity Bl.

f 1t 1s 1dentified by means of the second braking effect
monitoring unit 52 that the braking effect which is generated
or -can be achieved by the electrodymamic Dbrake 24 is
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 braking control wunits 28, 30 are based 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 braking
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), whereln the algorithmic implementation can correspond

to switching-oriented control.

In accordance with an alternative embodiment, the second
braking control unit 30 1s designed in such a way that the
activation of the power supply unit 20 takes place exclusively
by a functionality realized by means of hardwaré, without the

use of software, while the first braking control unit 28 is

- 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 1mplementation 1in respect of at least 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 1n 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 swlitching 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
rall vehicle 10 1is 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 is provided for this

purpose, which sensor unit has,

transformer and/or

for example,
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a DC link voltage transformer and which detects an effect cof
the activation. Once the test with the first braking control
unit 28 has been performed, the second braking control unit 30
1s swilitched into 1ts 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 unit 116, which 1s 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 1llustrated in figure 3. The

braking regulation wunits 22, 122 of the rail wvehicle 10, 1in

each case with their braking control wunits and their power

supply unit, are designed such that ,' in 1nteraction, they can

effect emergency braking by means of the drive motors 18
assigned thereto on the drive axles 14 of the rail wvehicle 10.

In other words, the braking regulation units 22, 122 are
designed to generate, i1n interaction, a braking torgque which is
required for i1implementing emergency braking 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
comprlises, 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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The braking regulation unit 22 has the switching unit 32, which

1s provided for implementing a fa%llback measure of the first

brake 24 in order to switch over bdtween the first braking mode

of the braking regulation unit 22, in which the first braking
control unit 28 controls the poweér supply unit 20 so as to
provide a braking effect, and a ésecond braking mode of the
braking regulation unit 22, in whicb the second braking control
unit 30 controls power supply unlt 20 so0 as to provide a

braking effect. Figure 3 illustrates an actuator 33 for

The rail vehicle 10 has, as also i%llustrated in figure 1, the
further drive unit 116. The drive’ﬁnit 116, which, in the same
way as the drive unit 16, comprises at least one drive motor

P
—

and a power supply unit, is ﬁ>art of an electrodynamic

brake 124, which is largely, in par%icu1ar completely identical

to the electrodynamic brake 24. Reféerence 1s therefore made to
the description above relating to Ethe electrodynamic brake 24

so as to avoid unnecessary repetition.

The electrodynamic brake 124, whicé:h 1s referred to below as
“second electrodynamic brake 1247, has the drive mo'tor of the
drive unit 116 and a braking regulétion unit 122. Said braking
regulation unit comprises the powe?r 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 thfe electrodynamic brake 124.
The braking regulation unit 122 Ehas 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; 1t 1is provided for switclfling over between the first
braking mode of the braking regulatg'.ion unit 122, in which the
first braking control unit 128 conté:rols the power supply unit

of the drive unit 116 so as to provﬂde 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 i1mplement the respective fallback measure.

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

second electrodynamic brake 124, are illusirated.

The monitoring of the first electrodynamic brake 24 described

above with reference to figure 2 takes place in the exemplary

=

embodiment under conslderation 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 1s formed at least by the braking regulation unit 122
of the second brake 124.

The braking monitoring device 53 illustrated 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 is 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, is

1n the form of a first braking effect monitoring unit 50, which
1s 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 is performed by each of the braking

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

units are each operatively connected
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to a sensor wunit 58, which 1is provided for detecting or

determining a first braking effect characteristic quantity Bl

for the first braking mode of the first electrodynamic

brake 24:

The braking 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 is
1llustrated schematically and can comprise one oOr more senSors,
wherein the sensor unit 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 1n terms of their type and are each evaluated by a

different unit of the braking monitoring apparatus 53, as

described 1in 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 is 1interpreted 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 1n 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 in 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 1s based on &a hardware-based and software-based

implementation of the control functions.

If the two braking control units 128, 130 are based on a

i

software-base implementation i1n respect of at least one control
function, the corresponding software 1s implemented differently
in the braking control wunits 128, 130. In this case, in

particular the programming codes provided for ' executing the

conlt‘rol 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 in 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 unit 122 of the second brake 124 acCordingly

correspond 1n terms of the implementation 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 is

implemented differently.

The monitoring unit 56 is 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, 1289.

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 1n the first braking mode thereof is sufficient. Owing
to the different technologies, 1n 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 is

realized in each case in a different way and 1is different for

each of these units. In particular, the different monitoring

mechanisms can be realized by different monitoring software.

The monitoring task 1s therefore performed largely separately,
in particularly completely separately, in each case by means of
a different method, i1.e. by means of a different implementation

of the task by these units.

As already mentioned above, in a particular embodiment a
plurality of braking effect characteristic quantities can be
detected by the senior unit 58, which braking effect
characteristic quantities differ from one another in terms of

thelr type and are each evaluated by a different unit of the
braking monitoring apparatus 53. The type of braking effect

characteristic quantities is in 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 if 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 wunits, a largely independent, in
particular completely independent output of an error signal by

the wunits of the braking 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 1s used which, as part of the
first braking monitoring apparatus 53, 1s operatively connected
to an output of the braking control units 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 “Voter” device) has three lines connected in
parallel with one another, which 1lines are electrically
connectable to a common voltage source 62 and jointly 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 is 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 line and therefore the actuation of the switching

unit 32 only take place when an error signal is 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 is

performed by the actuation of the switching unit 32 by an

interaction of the units of the braking monitoring

apparatus 53, 1.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 braking effect of the first electrodynamic

brake 24 in the first braking mode thereof, a fallback measure

1s 1nitiated, 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 is provided, in particular
programmed, with a second monitoring function, in which it is
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 1in the second braking mode thereof.

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

monlitoring function by way of the use of a further trigger
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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 “Voter”

device) has three series-connected pairs of parallel 1lines,

which are electrically connectable to the common voltage source
62 and jointly to the actuator 55. For each palr of lines, 1n
ceach case one switch 1s arranged in both lines, wherein the

switches are in a closed position duriﬁg 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 1s 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 1n 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 1is output by two different units 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” 1s 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” 1s 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 is performed by

these units largely independently of one another, as described

above. The monitoring function comprises this monitoring task

and is 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 is insufficient a fallback measure is
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 is

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 1is inactive by wvirtue of a permanent
electrical connection, which is independent of the
configuration of the trigger unit 64, being produced between
the wvoltage source 62 and the actualtor 55. This electrical
connection is interrupted by a switch 68 on transfer to the
second braking mode, which switch is opened during actuation of
the switching wunit 32 by the actuator 33. The electrical
connection then only remains via the trigger unit 64, which is

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 1nactive by virtue of a permanent
electrical connection, which 18 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 1is provided for the switching unit 32, which resetting

unit igs 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 discomnnection, 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 1is agalin 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 1s produced, and as a

result, the trigger unit 64 is deactivated; a switch 78
disconnects an electrical <connection between a voltage
source 80 and the actuator 74, with the result that the
reéétting' unit 72 is deactivated or no actuation of the
switch 76 by the actuator 74 by means of the signal S can take
place. Actuation of the switch 78 for activating the resetting
unit 72 presupposes an end of the state which has resulted in

response of the monitoring.

The first and second monitoring functions which are performed
by the braking monitoring apparatus 53 belong to a first
monitoring mode of the braking device of the rail wvehicle 10,
in which the first brake 24 1s monitored. In this case, a

monitoring role for initiating one of the above-described
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fallback measures relating to the first brake 24 1s assumed by

the second brake 124, in particular by the braking regulation

unit 122 thereof.
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The braking device of the rail vehicle 10 is provided with a
second monitoring mode, in which the second brake 124 1is

monitored. In the exemplary embodiment under consideration, a

monitoring role for initiating one of the above-described
fallback measures relating to the second brake 124 is assumed

by the first brake 24, in particular by the'braking regulation

unit 22 thereof. The braking regulation unit 22 of the first

brake 24 forms, together with the monitoring unit 56, a second

braking monitoring apparatus 153, which is provided for taking

into consideration a braking effect characteristic quantity B2

for initiating -a fallback measure relating to the second brake
124. The braking monitoring device 153 1is provided with two
monitoring functions, in'the same way as the braking monitoring
apparatus 53, which two monitoring functions are each provided
for monitoring the second brake 124 during implementation of
the first braking mode or second braking mode thereof. The

braking control units 28, 30, when implementing the monitoring

functions, are in the form of monitoring devices 27, 29 of the
braking monitoring apparatus 153. During the Implementation of
the first monitoring function and the second monitoring

function, the braking monitoring apparatus 153 is in the form

of a braking effect monitoring unit 150 or 152 for the first or

second braking mode of the braking regulation unit 122 of the
second brake 124. This monitoring takes place depending on a

second braking effect characteristic gquantity B2 or on a

plurality of braking effect characteristic quantities which are
different from one another 1in terms of their type, which

braking effect characteristic guantity or quantities 1s or are

detected by a sensor unit 158. The above description relating

to the sensor unit 58 applies correspondingly to the sensor
unit 158.

In a particular embodiment, the sensor units 58 and 158 can be
formed at least partially by an identical sensor structure,

with respect to hardware. For reasons of clarity, figure 3
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only illustrates the monitoring of the first brake 24 by the

and
p—

cecond brake 124. The above description oI the monitoring

functions performed
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by  the braking monitoring apparatus 53 can be used
correspondingly for the first brake 24 with respect to the
monitoring of the second brake 124. In this case, the
corresponding monitoring functions are performed by the braking
control units 28, 30 in their function as monitoring

devices 27, 29 in interaction with the monitoring unit 56.

In the exemplary embodiment under consideration, the monitoring

unit 56 1s a common part of the first braking monitoring

apparatus 53 and the second braking monitoring apparatus 153.

The implementation of the monitoring functions can take place
in the braking control wunits 28, 30, 128, 130 in their

functions as monitoring devices 27, 29, 127, 129 in each case

by means of an arithmetic logic unit, which has an 1identical
design to or different design from the arithmetic logic unit

which is provided for implementing a braking mode.

Emergency braking by means of the electrodynamic brakes 24, 124
can be triggered by the 1interface to the wvehicle emergency
braking line 42. With the safety level which can be achieved by
the proposed design of the rail vehicle braking device, in
particular given a design of the braking regulation units with

at least two braking control units, a rail vehicle with an

emergency braking apparatus can be provided, wherein emergency

braking can take ©place exclusively by means of the
electrodynamic brakes with a sufficient safety 1level. As a
result, 1t 1s advantageously possible to dispense with a full-
service, additional friction brake. For lower velocities, only
a parking brake, for example in the form of a spring-loaded
brake, which prevents the parked vehicle on a slope from
rolling away as a result of a frictional force generated by

means of a spring energy store, can be maintained as friction

brake. Thus, a considerable reduction
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~he weight of the rail

—

in the costs of braking components and

vehicle can be achieved.

In the embodiment shown i1n figure 3, the drive units 16 and 116
can be assigned to an 1dentical truck of the rail vehicle 10 or
separate trucks. In the embodiment shown in figure 1, the drive

units 16, 116 are each assigned to a different truck. In this

case, the drive axles 14 of an identical truck are each driven

by a dedicated drive motor, wherein Dboth drive motors are

supplied power by the same power supply unit. In the ‘cagse of
the braking device shown in figure 3, in this embodiment the
electrodynamic brakes 24, 124 are then in each case assigned to

different trucks and therefore a plurality of drive axles.

Accordingly, truck-wise localization of a braking effect loss
can be achieved by the braking monitoring apparatuses 53, 153
and a fallback measure 1n relation to the respective truck can

be initiated in differentiated fashion.

In an alternative embodiment, a drive motor 1is provided for
each driven axle of a truck, wherein in each case one different
power supply unit 1is provided for each drive motor of this
truck. In this embodiment, accordingly in each case a separate
electrodynamic brake 1is assigned to each driven axle of the

truck. In the case of the braking device shown in figure 3, in

this embodiment the electrodynamic brakes 24, 124 are then

assigned to an 1identical truck or in each case to a different
drive axle 1n this truck. Accordingly, axle-wise localization
of a braking effect 1loss can be “achieved by the braking
monitoring apparatuses 53, 153 and a fallback measure in

relation to the respective drive axle can be i1nitiated in

differentiated fashion.

-ty
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Patent Claims

1. A rail vehicle braking device comprising 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 suppyling power to the drive motor (18) 1n a

traction mode of the drive unit (16),

characterized by

at least two braking control units (28, 30), wherein, 1n a
first braking mode, a first braking control unit (28), 1n an
active state, controls the power supply unit (20) so as to

provide a braking effect, a first braking effect monitoring

unit (50) and a switching unit (32), which 1is used, 1in 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 (30), in an
active state, controls the power supply unit (20) so as to

provide a braking effect.

2. The rail vehicle braking device as claimed in claim 1,

characterized in that
the first braking control unit (28) is in an inactive state 1n

the second braking mode.

3. The rail wvehicle braking device as claimed in claim 1

or 2,

characterized in that

the first braking effect monitoring unit (50) 1s wused for
monitoring the first braking control unit (28), and 1in that at
least one second braking effect monitoring unit (52) 1s

provided for monitoring at least the second braking control

unit (30).
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4. The rail vehicle braking device as c¢claimed 1n claim 3,

characterized by _

a further braking apparatus (17) and a SWitching device (54),
wherein, 1n the second braking mode, this further braking
apparatus (17) 1s actuated by means of the switching

device (54) depending on a braking effect characteristic

quantity.

5. The raill vehicle braking device as claimed 1n claim 4,

characterized in that
the braking apparatus (17) is in the form of a parking brake.

6. The rail vehicle braking device as claimed in one of the
preceding claims,

characterized in that

the braking control units (28, 30) differ from one another with

respect to their structural and/or algorithmic design.

7. The rail vehicle braking device as claimed in claim 6,

characterized in that

software for executing at least one control function 1is

implemented differently in the second braking control unit (30)

than in the first braking control unit (28).

8 . The rail vehicle braking device as claimed in claim 6,

characterized in that
one of the braking control units is in the form of a purely

hardware-based control.

S. The rail vehicle braking device as claimed in one of the

preceding claims,

characterized by
a test mode, in which the switching unit (32) is tested.

e . . . — ——— . — 4 T———§ * §
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10. The rail vehicle braking device ag claimed in one of the

preceding claims,

characterized by
an interface (41) to a vehicle emergency brake line (42), by

means of which emergency braking by means of the electrodynamic

brake (24) can be initiated.

11. The rail vehicle braking device as claimed in one of the

preceding claims,

characterized by
at least one second electrodynamic brake (124), which comprises

a drive unit (116), 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 (116), and at least one braking
regulation unit (122), which has the respectilive power supply
unit and at least one braking control unit (128, 130), which,

in a first braking mode, controls the respective power supply

unit so as to provide a braking effect, wherein the braking

control wunits (28, 30) are at 1least component parts of a

braking monitoring apparatus (153) assigned to the second

brake (124).

12. The rail vehicle braking device as claimed in claim 11,

characterized in that
at least the braking regulation unit (122) of the second brake

(124) forms a braking monitoring apparatus (53) assigned to the

first brake (24).

13. A method for braking a rail vehicle (10) by means of an
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 power to the drive motor (18) 1in a
traction mode of the drive unit (16), 1n which

~ in a first operating mode, the power supply unit (20) 1s
controlled by a first braking control unit (28) so as to

provide a braking effect;
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- a braking effect characteristic quantity is detected 1in

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 (30) controls the

power supply unit (20) so as to provide a braking effect.

14. The method as claimed in claim 13,

characterized in that

- a braking éf_féct characteristic quantity 1s detected in
the second braking mode;

~ in the second braking mode, a further braking apparatus
(17) is actuated by means of a switching apparatus (54)

depending on the braking effect characteristic quantity.
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