
1 An electric safety braking device TECHNICAL FIELD OF THE INVENTION AND
BACKGROUND ART The present invention relates to an electric safety braking
device for an electric track-bound vehicle comprising  an electric
permanent magnet machine configured to be connected to an electric power
source through a converter configured to control said machine by Pulse
Width Modulation for propulsion of the vehicle by power transmission to
wheels thereof, and  a resistive braking torque production assembly
comprising a connection of electric terminals of the electric machine
including at least one dissipative resistor. An electric safety braking
device means in this context an electric device configured to ensure
braking of a track-bound vehicle in an extremely reliable manner by being
able to carry out emergency braking. Such emergency braking is different
from normal service braking of such an electric track-bound vehicle, which
may be accomplished by a purely electric brake, a purely mechanical brake
or a combination of an electric and a mechanical brake. This carries out
all the normal stopping and deceleration operations of the track-bound
vehicle as well as the braking operations for holding on declines. However,
it is not secure in the sense that it involves a large number of electric,
electronic, mechanical, pneumatic or hydraulic components which may
malfunction. Such a malfunction of the service brake or an external
emergency situation will result in an emergency condition to be dealt with
by an emergency or safety braking device. The probability of a failure of a
safety braking device has to be extremely low which means that it may not
involve all the equipment normally used for obtaining electric braking of
the vehicle, which normally is obtained by controlling current valves
associated with said converter to conduct a current from the electric
machine then operating as a generator mainly through rectifying di- 



2 odes of the converter and into one or more dissipative resistors or into
an electric power supply line to which the vehicle is connected. This means
that such safety braking devices are mostly purely mechanical, which
requires the mechanical brake of such an electric track-bound vehicle to be
sized accordingly resulting in considerable costs, in particular life time
cost thereof, especially due to the maintenance required for such brakes
and the considerable mass thereof resulting in a noticeable extra energy
consumption, not to speak about pollutions by particles from brake pads of
such mechanical brakes. Thus, the benefits of replacing such a mechanical
safety braking device by an electric safety braking device are important.
An electric safety braking device of the type defined in the introduction
has therefor been proposed and is known through for instance US
2009/0224705 Al. It is based on the fact that an electric machine with
permanent magnets requires nothing to provide magnetic flux and therefor
provide a resistive torque as soon as it rotates, if it is loaded by
current. This known electric safety braking device is not dependent upon
the function of said converter, since it comprises an electromechanical
commutator connecting the electric terminals of the machine to the braking
torque production device for conducting current from the terminals into at
least one dissipative resistor. Besides the fact that this electric safety
braking device requires an electromechanical commutator it offers no or a
low degree of controllability of a safety braking process. SUMMARY OF THE
INVENTION The object of the present invention is to provide an electric
safety braking device of the type defined in the introduction being
improved in at least some aspect with respect to such devices already
known. 



3 This object is according to the invention obtained by providing such a
device which further is characterized in that said connection comprises a
current path from said electric terminals through rectifying diodes of said
converter, that the device comprises means configured to vary the
resistance of said connection and a control unit, separated from a
converter control unit configured to control said converter by Pulse Width
Modulation, operable independently of the existence of a supply of electric
power to said converter and the converter control unit and configured to
control said means to keep said resistance infinitely high when not braking
through said device and to accomplish braking through said device by
varying this resistance to control the intensity of the current from the
electric machine through said diodes of the converter through said
connection and by that the braking torque applied to said wheels through
the device, and that said means is controllable to vary the resistance of
said connection down to a theoretical zero by enabling a by-passing of said
at least one dissipative resistor by said current. The presence of such a
control unit and said means enables an electric safety operation resulting
in a controlled braking also under emergency conditions, since said
resistance of said connection and by that the intensity of the current from
the electric machine may be varied. This means that a controlled braking
action may be obtained in emergency conditions without any need of a
mechanical brake with large dimensions therefor. Furthermore, by the fact
that said means are controllable to vary the resistance of the connection
down to a theoretical zero the intensity of said current may be kept at a
desired level also when the speed of the track-bound vehicle has decreased
to a rather low level for ensuring considerable braking also at this speed
and down to a very low speed, so that only a small mechanical brake is
required for stopping the vehicle and holding the vehicle in a parking
position. "Theoretical zero" means that the resistance is neglectable with
respect to the resistance of said at least one dissipative resistor, such
as in any case less  4 than 1% thereof, but it may of course not be zero,
since said connection will have a resistance, not at least caused by said
diodes and possibly other semiconductor devices therein even if those are
in a turned-on state. 



According to an embodiment of the invention the device comprises an
electric power source comprising at least one electric battery configured
to provide said control unit of the device with electric power. This means
that the electric safety braking device may operate totally independently
of disturbances of any electric power supply to the vehicle and/or any
malfunction of any equipment, especially electric or electronic equipment
of the vehicle. According to another embodiment of the invention the device
comprises a member configured to measure the direct voltage of a direct
voltage intermediate link of a said converter and send information
thereabout to said control unit, and said control unit is configured to
control said means to vary said resistance to obtain a substantially
constant intensity of said current and by that of said braking torque
during braking of the vehicle through the device. This means that a
powerful substantially constant braking action may be obtained as of the
occurrence of a condition requiring safety braking and down to a very low
speed of the vehicle, which may then also be reached in a short period of
time. This may be compared with the case of a constant said resistance as
of a certain speed, which would then result in a braking torque decreasing
substantially with the speed. According to another embodiment of the
invention the device comprises a member configured to measure the intensity
of said current and send information thereabout to said control unit, and
the control unit is configured to control said means to vary said
resistance to obtain a substantially constant intensity of said current and
by that of said braking torque during braking of the vehicle through the
device. This is another favourable option of 5 realising efficient braking
through the electric safety braking device of the invention. According to
another embodiment of the invention said means comprises a series
connection, as seen in a path of said current from said machine and said
converter, of first a step-down switch and then a step-up switch with said
at least one dissipative resistor connected in parallel with the step-up
switch. The combination of these two switches makes it possible to vary
said resistance from infiniteness to theoretical zero by controlling said
switches, in which the step-down switch may be used to control said
resistance from infiniteness to the resistance of said at least one
dissipative resistor, and the step-up switch may be used to vary the
resistance from the resistance of said at least one dissipative resistor
down to theoretical zero. According to another embodiment of the invention
said step-down and said step-up switches do each comprise at least one
current valve having a semiconductor device of turn-off type, and said
control unit is configured to control said semiconductor devices for
varying said resistance of said connection. This constitutes a reliable way
of realising said means configured to vary the resistance of said
connection, and said semiconductor devices may for instance be IGBT:s
(Insulated Gate Bipolar Transistor). 



According to another embodiment of the invention said control unit is
configured to start a safety braking action by alternatively turning said
semiconductor device of the step-down switch on over an increasing part of
the time while keeping the semiconductor device of the step-up switch
turned off for varying said resistance from infiniteness to be the same as
the resistance of said at least one dissipative resistor, and according to
another embodiment of the invention said control unit is configured to,
during a safety braking action, start to turn the semiconductor device of
said step-up switch on as of an instant at which the  6 semiconductor
device of said step-down switch is continuously turned-on and to keep this
semiconductor device turned on over an increasing part of the time for
decreasing said resistance and conducting an increasing part of said
current therethrough while increasingly bypassing said at least one
dissipative resistor. According to another embodiment of the invention the
device comprises a further resistor connected in parallel with said step-up
switch and to the connection between the step-down switch and the step-up
switch. Such a further resistor has the advantage of reducing the desired
size of an inductor that may be arranged between the step-down and step-up
switches to reduce peak currents emanating from the control of the
semiconductor device of the step-down switch and to act as current injector
for stepping up the voltage across said at least dissipative resistor.
According to another embodiment of the invention the device comprises a
separate capacitor connectable to each electric terminal of said electric
machine by a switching member and said control unit is configured to
control the switching members to be open as long as said converter and by
that the electric machine is connected to an electric power source and the
switching member to close when the electric power supplied to the converter
is interrupted and safety braking is to be carried out for increasing the
braking torque obtained. Accordingly, such capacitors may be used for
increasing the braking torque when carrying out safety braking through the
electric safety braking device. According to another embodiment of the
invention the device is configured to be applied to an electric permanent
magnet machine having an electric braking device having current valves
controlled through a converter control unit to conduct current to at least
one additional dissipative resistor for electric braking of the vehicle
when said machine and converter are connected to an electric power supply,
and said control unit is configured to 



7 occasionally during short period of times, such as in the order of 10 -
500 las, control said means to decrease said resistance for checking the
functionality of said means of the electric safety braking device. This
means in the case of such means comprising a step-down switch and a step-up
switch checking of the functionality of these switches. The invention also
relates to a track-bound vehicle arrangement comprising an electric safety
braking device according to the present invention as well as a track-bound
vehicle having an electric safety braking device according to the present
invention. The advantages of such a driving arrangement and vehicle with
respect to reduction of costs, weight and negative influence upon the
environment when carrying out braking appear clearly from the above
disclosure of different embodiments of an electric safety braking device
according to the present invention. A track-bound vehicle has according to
an embodiment of the invention a separate said electric safety braking
device for each wheel axle thereof. This will ensure efficient safety
braking for a vehicle having all the wheel axles driven. Further advantages
as well as advantageous features of the invention will appear from the
following description. BRIEF DESCRIPTION OF THE DRAWINGS 



With reference to the appended drawings, below follows a specific
description of an electric safety braking device according to an embodiment
of the invention cited as an example. In the drawings: Fig 1is a simplified
circuit diagram illustrating an electric safety braking device according to
an embodiment of the invention,  8 Fig 2is a graph illustrating the duty
cycle of a step-down 



and a step-up switch of an electric safety braking device according to Fig
1 when carrying out safety braking therethrough, and Fig 3is a graph
illustrating the current in said connection of the device according to Fig
1 and the direct voltage of a direct voltage intermediate link of said
converter versus the number of revolutions of an electric permanent magnet
machine when carrying out braking by the electric safety braking device
shown in Fig 1. DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION An
application of an electric safety braking device according to an embodiment
of the present invention to a track-bound vehicle 1 is schematically
illustrated in Fig 1. It is shown how the vehicle has an electric permanent
magnet machine 2 configured to be connected to an electric power source 3,
here in the form of a DC line, through a converter 4 having current valves
5 of at least one semiconductor device 6 of turn-off type, here an IGBT,
connected in anti-parallel with a rectifying diode 7. The converter is
configured to control the electric machine 2 by Pulse Width Modulation for
propulsion of the vehicle by power transmission to wheels thereof. The
current valves 5 of the converter 4 are controlled by a converter control
unit 8. This converter control unit 8 is configured to also control further
current valves 9, 10 connected to a direct voltage intermediate link 11 of
the converter 4 for obtaining electric service braking of the vehicle. The
current valves 9, 10 are for that sake connected to additional dissipative
brake resistors 12, 13. When electric service braking is to take place the
current valves 5 of the converter are controlled so that an electric
current generated through the rotation of the machine 2 will flow from the
terminals 14-16 thereof  9 



through the diodes 7 of the converter and either through the current valves
9, 10 to the additional brake resistors 12, 13 or into the DC line 3 when
this is possible, i.e. no other vehicle is close to the electric
track-bound vehicle in question. The electric safety braking device
according to the present invention will now be described, and this is used
for safety braking, i.e. braking when braking may not be carried out
through the normal electric braking device described above, which may for
instance be the case when the electric power supply to the converter and/or
the converter control unit is interrupted. The electric safety braking
device comprises a resistive braking torque production assembly comprising
a connection 17 of the electric terminals 14-16 of the electric machine 2
through the rectifying diodes 7 of the converter 4 including at least one
dissipative resistor 18. The safety braking device comprises means
configured to vary the resistance of the connection 17 and comprises a
series connection, as seen in a path of said current (arrows 19) from said
machine and said converter, of first a step-down switch 20 in the form of a
current valve having a semiconductor device 21 of turn-off type, such as an
IGBT, and a rectifying diode 22 connected in anti-parallel therewith and
then a step-up switch 23 in the form of a current valve having a
semiconductor device 24 of turn-off type, such as an IGBT, and a rectifying
diode 25 connected in anti-parallel therewith. A control unit 26 operable
independently of the existence of the supply of electric power to said
converter 4 and the converter control unit 8 by being connected to an
electric power source comprising at least one electric battery 27, is
configured to control the semiconductor devices 21, 24 of the step-down
switch and the step-up switch for controlling the resistance in said
connection 17. An inductor 28 is arranged between the step-down switch 20
and the step-up switch 23 for both reducing peak currents from the IGBT 21
of the switch 20 and to act as current injector for  10 



stepping up the voltage 29 across the dissipative brake resistor 18. The
device has also a member 30 configured to measure the direct voltage of the
direct voltage intermediate link 11 and send information thereabout to the
control unit 26 as well as a member 31 configured to measure the intensity
of the current (arrows 19) in the connection 17 and send information
thereabout to the control unit 26. The control unit is preferably
configured to control the switches 20 and 23 to vary the resistance of the
connection 17 to obtain a substantially constant intensity of the current
in said connection and by that of said braking torque during braking of the
vehicle through the electric safety braking device. It is shown in Fig 1
how the safety braking device may comprise a further resistor 32 connected
in parallel with the step-up switch 23 and to the connection between the
step-down switch and the step-up switch for reducing the required size of
the inductor 28. It is illustrated how the electric safety braking device
may comprise a separate capacitor 33-35 connected to each electric terminal
14-16 of the electric machine 2 by a switching member 36- 38. The operation
of the electric safety braking device shown in Fig 1 will now be explained
while making reference also to Fig 2 and Fig 3. When there is a need of
electric safety braking the electric energy will flow from the electric
permanent magnet machine 2 into the DC link 11 through the rectifying
diodes 7 of the converter 4 and according to the arrows 19 in the
connection 17 to the combination of the step-down and step-up switches 20,
23. The purpose of these switches is to maintain a high constant resistive
braking torque applied onto the machine 2 independently of the  



11 speed of the machine, i.e. of the vehicle. This may be accomplished by
controlling the resistance in said connection 17 to gradually decrease for
keeping the intensity of said current substantially constant and by that
the braking torque substantially constant. When the semiconductor devices
of the switches 20 and 23 are turned-off said resistance will be infinitely
high, and the control unit 26 will upon receipt of a braking order given by
the driver of the vehicle start a safety braking action by alternatively
turning the IGBT of the step-down switch 20 on over an increasing part of
the time for varying said resistance from infiniteness to be the same as
the resistance of said at least one dissipative resistor 18, when the IGBT
21 is continuously turned on (point A in Fig 2 and Fig 3). The control unit
26 is further configured to start to turn the IGBT 24 of the step-up switch
23 on as of said instant A at which the IGBT 21 is continuously turned on
and to turn the IGBT 24 on over an increasing part of time for decreasing
said resistance and conducting an increasing part of the current through
the IGBT 24 while increasing the by-passing of the dissipative resistor 18
and by that reducing said resistance towards theoretical zero, when also
the IGBT 24 is continuously turned on. The current from the direct voltage
intermediate link 11 may by proper control of the IGBT:s 21 and 24 through
the control unit 26 be controlled to have a constant intensity during the
braking procedure until the number of revolutions of the electric machine 2
and by that the speed of the vehicle is very low, perhaps less than 5
km/hour or even less than 3 km/hour. A small mechanical brake may then be
used to stop the vehicle and holding the vehicle in a parking position. Fig
2 illustrates at the top the duty cycle of the step-up switch and
thereunder the duty cycle of the step-down switch versus the number of
revolutions rpm of the machine 2, in which the duty cycle is 0.0 when a
said switch is continuously turned-off and 1.0 when a switch is
continuously turned on.  12 Fig 3 illustrates how the DC-link voltage UDC
decreases with a decreasing number of revolutions rpm during a safety
braking action and how the current I in said connection may be kept
substantially constant resulting in a substantially constant high resistive
braking torque until the number of revolutions and by that the speed of the
vehicle is low. The braking torque may be further increased when carrying
out electric safety braking by closing the switching members 36-38 and
connecting the capacitors 33-35 to the terminals 14-16 of the machine 2. 



The invention is of course not in any way restricted to the embodiment
described above, but many possibilities to modifications thereof would be
apparent to a person with ordinary skill in the art without departing from
the scope of the invention as defined in the appended claims. It is within
the scope of the invention to obtain a variable resistance of said
connection in other ways than illustrated. This may include switching in of
resistors of different sizes. The capacitors connectable to the terminals
of the electric machine are optional as is the further resistor shown in
Fig 1. Other ways of obtaining appropriate control through the control unit
than by information from the voltage and current measuring members shown in
Fig 1 are also conceivable, such as information from a tachometer.
Furthermore, it is within the scope of the invention to provide the control
unit with information about a possible slipping of wheels of the vehicle
when braking for then controlling said resistance to increase for lowering
said current and by that the braking torque to a suitable level.  13 



It is within the scope of the invention to use the same dissipative brake
resistor (-s) for the electric service brake and the electric safety brake.
Embodiments having no rectifying diode in the step-down switch and/or the
step-up switch are conceivable.  Claims 1An electric safety braking device
for an electric track-bound vehicle comprising  an electric permanent
magnet machine (2) configured to be connected to an electric power source
(3) through a converter (4) configured to control said machine by Pulse
Width Modulation for propulsion of the vehicle by power transmission to
wheels thereof, and 



a resistive braking torque production assembly comprising a connection (17)
of electric terminals (14-16) of the electric machine including at least
one dissipative resistor (18), characterized in that said connection
comprises a current path from said electric terminals through rectifying
diodes (7) of said converter (4), that the device comprises means
configured to vary the resistance of said connection and a control unit
(26) separated from a converter control unit (8) configured to control said
converter by Pulse Width Modulation, operable independently of the
existence of a supply of electric power to said converter and the converter
control unit and configured to control said means to keep said resistance
infinitely high when not braking through said device and to accomplish
braking through said device by varying this resistance to control the
intensity of the current from the electric machine (2) through said diodes
(7) of the converter through said connection (17) and by that the braking
torque applied to said wheels through the device and that said means is
controllable to vary the resistance of said connection down to a
theoretical zero by enabling a bypassing of said at least one dissipative
resistor (18) by said current.  15 electric battery (27) configured to
provide said control unit (26) of the device with electric power. 3. A
device according to claim 1 or 2, characterized in that it comprises a
member (30) configured to measure the direct voltage of a direct voltage
intermediate link (11) of a said converter (4) and send information
thereabout to said control unit (26), and that said control unit is
configured to control said means to vary said resistance to obtain a
substantially constant intensity of said current and by that of said
braking torque during braking of the vehicle through the device. 4. A
device according to any of the preceding claims, characterized in that it
comprises a member (31) configured to measure the intensity of said current
and send information thereabout to said control unit (26), and that the
control unit is configured to control said means to vary said resistance to
obtain a substantially constant intensity of said current and by that of
said braking torque during braking of the vehicle through the device. 5. A
device according to any of the preceding claims, characterized in that said
means comprises a series connection, as seen in a path of said current from
said machine (2) and said converter (4), of first a step-down switch (20)
and then a step-up switch (23) with said at least one dissipative resistor
(18) connected in parallel with the step-up switch. 



6. A device according to claim 5, characterized in that said step-down and
step-up switches do each comprise at least one current valve having a
semiconductor device (21, 24) of turn-off type, and that said control unit
(26) is configured to control said semiconductor devices for varying said
resistance of said connection (17).  16 7. A device according to claim 6,
characterized in that said control unit (26) is configured to start a
safety braking action by alternatively turning said semiconductor device
(21) of the step-down switch (20) on over an increasing part of the time
while keeping the semiconductor device (24) of the step-up switch (23)
turned off for varying said resistance from infiniteness to be the same as
the resistance of said at least one dissipative resistor (18). 8. A device
according to claim 7 characterized in that said control unit (26) is
configured to, during a safety braking action, start to turn the
semiconductor device (24) of said step-up switch (23) on as of an instant
at which the semiconductor device (21) of said step-down switch (20) is
continuously turned-on and to keep this semiconductor device turned on over
an increasing part of the time for decreasing said resistance and
conducting an increasing part of said current therethrough while
increasingly bypassing said at least one dissipative resistor (18). 9. A
device according to any of claims 5-8, characterized in that it comprises a
further resistor (32) connected in parallel with said step-up switch (23)
and to the connection between the step-down switch (20) and the step-up
switch. 10. A device according to any of the preceding claims characterized
in that it comprises a separate capacitor (33-35) connectable to each
electric terminal (14-16) of said electric machine (2) by a switching
member (36-38), and that said control unit (26) is configured to control
these switching members to be open as long as said converter (4) and by
that the electric machine is connected to an electric power source and
these switching members to close when the electric power supply to the
converter is interrupted and safety braking is to be carried out for
increasing the braking torque obtained. 



17 11. A device according to any of the preceding claims, characterized in
that it is configured to be applied to an electric permanent magnet machine
(2) having an electric braking device having current valves (9, 10)
controlled through a converter control unit (8) to conduct current to at
least one additional dissipative resistor (12, 13) for electric braking of
the vehicle when said machine and converter are connected to an electric
power supply, and that said control unit (26) is configured to occasionally
during short period of times, such as in the order of 10 - 500 ps, control
said means to decrease said resistance for checking the functionality of
said means of the electric safety braking device. 12. A track-bound vehicle
driving arrangement comprising an electric safety braking device according
to any of claims 1- 11. 13. A track-bound vehicle having an electric safety
braking device according to any of claims 1-11. 14. A vehicle according to
claim 13 having a separate said electric safety braking device for each
wheel axle thereof. 




