1 An electric safety braking device TECHNI CAL FI ELD OF THE | NVENTI ON AND
BACKGROUND ART The present invention relates to an electric safety braking
device for an electric track-bound vehicle conprising an electric

per mmnent magnet machi ne configured to be connected to an el ectric power
source through a converter configured to control said nmachine by Pul se

W dt h Modul ation for propul sion of the vehicle by power transmnission to
wheel s thereof, and a resistive braking torque production assenbly
conprising a connection of electric termnals of the electric nmachine
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cluding at least one dissipative resistor.

An electric safety braking device means in this context an elec-
tric device configured to ensure braking of a track-bound vehicle
in an extremely reliable manner by being able to carry out emer-
gency 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 me-
chanical 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 op-
erations for holding on declines. However, it is not secure in the
sense that it involves a large number of electric, electronic, me-
chanical, pneumatic or hydraulic components which may mal-
function. 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 prob-
ability of a failure of a safety braking device has to be extremely
low which means that it may not involve all the equipment nor-
mally 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 ma-
chine then operating as a generator mainly through rectifying di-



2 odes of the converter and into one or nore dissipative resistors or into
an electric power supply line to which the vehicle is connected. This neans
that such safety braking devices are nostly purely nmechani cal, which
requires the mechani cal brake of such an electric track-bound vehicle to be
si zed accordingly resulting in considerable costs, in particular life tine
cost thereof, especially due to the mai @ enance required for such brakes
and the consi derable mass thereof resulting in a noticeable extra energy
consunption, not to speak about pollutions by particles from brake pads of
such nmechani cal brakes. Thus, the benefits of replacing such a nmechani cal
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| NVENTI ON The of "the present Invention is to provide an electric
safety braking device of the type defined in the introduction being
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known. device by an electric safety braking device are important.

An electric safety braking device of the type defined in the intro-
duction has therefor been proposed and is known through for in-
stance US 2009/0224705 A1. 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 termi-
nals 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 be-
ing improved in at least some aspect with respect to such de-
vices already known.



3 This object is according to the invention obtained by providing such a
device which further is characterized in that said connection conprises a
current path fromsaid electric termnals through rectifying diodes of said
converter, that the device conprises neans configured to vary the

resi stance of said connection and a control unit, separated froma
converter control unit configured to codrol said converter by Pulse Wdth
Modul ati on, operabl e i ndependently of the existence of a supply of electric
power to said converter and the converter control unit and configured to
control said neans to keep said resistance infinitely high when not braking
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In a turned-on state.
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 con-
nection 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 me-
chanical 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



According to an enbodi nent of the invention the device conprises an

el ectric power source conprising at |east one electric battery configured
to provide said control unit of the device with electric power. This neans
that the electric safety braking device nmay operate totally independently
of disturbances of any electric power supply to the vehicle and/or any

mal functi on of any equi pnent, especiallywelectric or electronic equipnment
of the vehicle. According to another enbodi nent of the invention the device
conprises a nenber configured to neasure the direct voltage of a direct
voltage internediate |ink of a said converter and send information
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connection, as seen in a path of said current fromsaid machine and said
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sistance 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



Accordi ng to anot her enbodi ment of the invention said control unit is
configured to start a safety braking action by alternatively turning said
sem conduct or device of the step-down switch on over an increasing part of
the tinme while keeping the sem conductor device of the step-up switch
turned off for varying said resistance frominfiniteness to be the sanme as
the resistance of said at |east one dissipative resistor, and according to
anot her enbodi nent of the invention said control unit is configured to,
during a safety braking action, start to turn the sem conductor device of
said step-up switch on as of an instant at which the 6 sem conductor
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stitutes a reliable way of realising said means configured to vary
the resistance of said connection, and said semiconductor de-
vices may for instance be IGBT:s (Insulated Gate Bipolar Tran-
sistor).

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 semicon-
ductor 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



7 occasionally during short period of tines, such as in the order of 10 -
500 las, control said neans to decrease said resistance for checking the
functionality of said nmeans of the electric safety braking device. This
means in the case of such nmeans conprising a step-down switch and a step-up
swi tch checking of the functionality of these switches. The invention also
relates to a track-bound vehicle arrang&ent conprising an electric safety
braki ng devi ce according to the present invention as well as a track-bound
vehi cl e having an el ectric safety braking device according to the present

I nvention. The advantages of such a driving arrangenent and vehicle with
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comprises a further resistor connected in paraliel 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 advan-
tage of reducing the desired size of an inductor that may be ar-
ranged 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 ma-
chine 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



Wth reference to the appended draw ngs, below follows a specific
description of an electric safety braking device according to an enbodi nent
of the invention cited as an exanple. In the drawings: Fig 1lis a sinplified
circuit diagramillustrating an electric safety braking device according to
an enbodi ment of the invention, 8 Fig 2is a graph illustrating the duty
cycle of a step-down 7

occasionally during short period of times, such as in the order of
10 — 500 us, 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 compris-
ing 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 elec-
tric 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 in-
vention will appear from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a spe-
cific description of an electric safety braking device according to
an embodiment of the invention cited as an example.

In the drawings:

Fig 1 is a simplified circuit diagram illustrating an electric

safety braking device according to an embodiment
of the invention,



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 internmediate |link of said
converter versus the nunber of revolutions of an electric pernmanent magnet
machi ne when carrying out braking by thé electric safety braking device
shown in Fig 1. DETAI LED DESCRI PTI ON OF AN EMBODI MENT OF THE | NVENTI ON An
application of an electric safety braking device according to an enbodi nent
of the present invention to a track-bound vehicle 1 is schematically
illustrated in Fig 1. It is shown how the vehicle has an el ectric pernanent
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current valves 5 of the converter 4 are controlled by a converter control

it 8. Thi t i i i f h
current val vddos 10° congabeiaplitt hstiting S cilifeft hp saldBonfdctdn 111t 71
the converter 4 for obta&@hihfydevies gcsosding te FBakiang the t‘Jr\Ee%Yﬁ‘& e. The

(t:)ur Ir(ent val ves 9,12101gr mof hatdisese voitmpstiate tmeditiet iliokalofdsaid pati ve
rake resistors , . I.C .S [ Ki i k ce the
current valves 5 of the con\?ee'ﬁ{egﬁ}%ﬂrsgscgtﬁl%(r@?@qugf]?ﬁg@%ﬁoéseﬁ Hrfg
current generated thr ough€ChECRRENABANGMAgBEHHBAFANS WeN ¢36WNY om t he
termnals 14-16 thereof o® 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 vehi-
cle 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 con-
verter is configured to control the electric machine 2 by Pulse
Width Modulation for propulsion of the vehicle by power trans-
mission 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 addi-
tional 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 ro-
tation of the machine 2 will flow from the terminals 14-16 thereof



t hrough the diodes 7 of the converter and either through the current val ves
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

i nstance be the case when the electric power supply to the converter and/or
the converter control unit is interrupted. The electric safety braking
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series connectli sard current (arrows 19) fromsaid
machi ne and said converter, of first a step-down switch 20 in the formof a
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and the step-elgctittieimisaiorl4deh of checielgcpiamaghingtd threuwgbnthe GaT 21
of the switche2Qifing dRodeé PofAHEr 80hvEFeed Mcludling 14t least one dis-
sipative resistor 18. The safety braking device comprises means
configured to vary the resistance of the connection 17 and com-
prises a series connection, as seen in a path of said current (ar-
rows 19) from said machine and said converter, of first a step-
down switch 20 in the form of a current valve having a semicon-
ductor device 21 of turn-off type, such as an IGBT, and a recti-
fying diode 22 connected in anti-parallel therewith and then a
step-up switch 23 in the form of a current valve having a semi-
conductor 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 semi-
conductor 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



stepping up the voltage 29 across the dissipative brake resistor 18. The
devi ce has also a nenber 30 configured to neasure the direct voltage of the
direct voltage internmediate link 11 and send information thereabout to the
control unit 26 as well as a nmenber 31 configured to nmeasure the intensity
of the current (arrows 19) in the connection 17 and send information

t hereabout to the control unit 26. The tOntrol 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

I n said connection and by that of said braking torque during braki ng of the
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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 in-
ductor 28.

It is illustrated how the electric safety braking device may com-
prise a separate capacitor 33-35 connected to each electric ter-
minal 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 en-
ergy 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 com-
bination of the step-down and step-up switches 20, 23. The pur-
pose 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 acconplished by
controlling the resistance in said connection 17 to gradually decrease for
keeping the intensity of said current substantially constant and by t hat

t he braking torque substantially constant. Wen the sem conductor devices
of the switches 20 and 23 are turned-off said resistance will be infinitely
hi gh, and the control unit 26 will uponidecei pt of a braking order given by
the driver of the vehicle start a safety braking action by alternatively
turning the I GBT of the step-down switch 20 on over an increasing part of
the tine for varying said resistance frominfiniteness to be the sanme as
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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 revo-
futions 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.



The invention is of course not in any way restricted to the enbodi nent
descri bed above, but many possibilities to nodifications thereof would be
apparent to a person with ordinary skill in the art w thout departing from
the scope of the invention as defined in the appended clainms. It is within
the scope of the invention to obtain a variable resistance of said
connection in other ways than illustrat¢2. This may include swtching in of
resistors of different sizes. The capacitors connectable to the termnals
of the electric nmachine are optional as is the further resistor shown in
Fig 1. O her ways of obtaining appropriate control through the control unit

t han byinfor thon fro th : h
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when br aki ng en contro .d resist C f.0 weri ng
said current SiiFB)TeH: Congtanta e aiting & ERE ablalBrES TG ﬁ'd{‘s
reS|st|ve 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 em-
bodiment described above, but many possibilities to modifica-
tions thereof would be apparent to a person with ordinary skill in
the art without departing from the scope of the invention as de-
fined in the appended claims.

It is within the scope of the invention to obtain a variable resis-
tance 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 ma-
chine 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 informa-
tion 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.



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.
Enbodi ments having no rectifying diode in the step-down switch and/or the
step-up switch are conceivable. Cdains 1An electric safety braking device
for an electric track-bound vehicle conprising an electric pernmanent
magnet machine (2) configured to be conhdcted to an electric power source
(3) through a converter (4) configured to control said machi ne by Pul se

W dth Mdul ation for propul sion of the vehicle by power transm ssion to
wheel s t hereof, and

It is within the scope of the invention to use the same dissipa-
tive 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.



a resistive braking torque production assenbly conprising a connection (17)
of electric termnals (14-16) of the electric machine including at |east
one dissipative resistor (18), characterized in that said connection
conprises a current path fromsaid electric termnals through rectifying

di odes (7) of said converter (4), that the device conprises neans
configured to vary the resistance of safld connection and a control unit
(26) separated froma converter control unit (8) configured to control said
converter by Pul se Wdth Mdul ati on, operabl e independently of the

exi stence of a supply of electric power to said converter and the converter
control unit and configured to control said neans to keep said resistance
infinitely high when not braking through said device and to acconplish

br aki ng throdghﬂﬂxid device by varying this resistance to control the
intensity of the current fromthe electric machine (2) through said di odes

(7) of the copverter  through,sai onnecti.on (17) a aki ng
torque applie t@%&iI%CW?eg?ges_[tyhg@jﬂﬂgt %V'(?gvfoc,regﬁneggf;ﬁi?ttg%glﬁrb%’ﬁ is
control | abl e to wahjcleheomg@sisingnce of said connection down to a
theoretical zerg Jhyefi@bici parmapepaspagactimashthal(2) easifigiedis vepat i ve
resistor (18) by said urretnt. 15 eltectrlc batter% 27 )cq Eé\ggﬁe%to
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internediate |i nl&)a(%%h of. a salg1 C n\{ﬁrterf E"f’i{d and send information

t her eabout to sai 1$9PNURI W ng‘j G " said control unit is
configured to cem resistisecbraking tooquarproshiadioreasseandy campbising &
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Ina.of i@e Vﬁhl cl(i. throu%h e de;gg?. 4. A
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conpri ses a nenb@hdrptecized dordutt saitksonnection iconepesey afcwaedt current
and send informtjAR tlaen eadiaukld &ratérREIsOlhratigh (é6lifyingddidds t he
control unit is ?gflgurgﬂ to coPtrg%)ss |ch‘r}r‘eagls t O va(i[ﬁ sai d resistance to
obtain a subst anti AI9fySRIhSCANETI&H i‘?&? o &S LY ICUrTURPRGE BIPA At of
sai d braking tor quafiuredgtbnakiynthefrestedaneki of saitdrevyhectiendavdce. 5. A
devi ce accordi ng dotasWuRit 2@ 96 55 et ot R onvRMACESRtreedidin (Bhat said
means conprises a series copnection, as seen In at pat,h Ode-gald er ent from
sai d machi ne (2) iguied ¢ v&oﬂ\g’?‘)l( 452idys copverter v FIRAE SWIEER (20)
and then a step- Modulaten ( 2perabld isdiepeatderahstofotiee dexistpacevef rasi st or
(18) connected iy pafiglded|otttiB poRePitBPs4iR E¥hiERer 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.

2. A device according to claim 1, characterized in that it
comprises an electric power source comprising at least one




6. A device according to claim5, characterized in that said step-down and
step-up switches do each conprise at | east one current valve having a

sem conductor device (21, 24) of turn-off type, and that said control unit
(26) is configured to control said sem conductor devices for varying said
resi stance of said connection (17). 16 7. A device according to claim®é,
characterized in that said control unit1$26) is configured to start a
safety braking action by alternatively turning said sem conductor device
(21) of the step-down switch (20) on over an increasing part of the tinme
whi | e keepi ng the sem conductor device (24) of the step-up swtch (23)

turned off for varyin aid resjstance fromJjnfiniteness,to he.sanme as
t he resistance oP'%%’r% g?t eé?ﬁ_s@@ngoaﬁgélirﬁghiqlgr?&q%stsg d(ﬁ%ﬁ?og.ﬁ,& devi ce
according to cl ai#6yoftiheaiewcezwihielechae pswer.control unit (26) is
configured to, during a safety braking action, start to turn the

sem conduct or, devi ce (24) of said,step:-up,switch,(23 . as L. nst ant
ROl e Bt Y180 1o aecasding B A8 1 &f ) MM?‘EHS?% i s
conti nuously tur cedprisasd toekdsr (30 cosfigtivadulet sreaswiecéhe dinedt on over
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devi ce accordi ngcootelyunit (269i rncstBat shid aardrolzediti is chafiguredotepri ses a
2nd To the connedt oy barieen e RENRIN setl Tosignte JHoBbtin & tp

en e step-down s c n e step-up
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inthat it conpricdemid bdngtterqupaditiog BEkisg)ol b ecthadieethrougith
el ectric term nakpné kB of said electric machine (2) by a swtching
menber (36-38), and that said control unit (26) is configured to control

these switching nmenbers to be open as long as said converter (4) and by
that the el ectri & devicen@dcordinmdotanly tof the preceding ptaiers.sehatacand

these sw tching FRPRRICP ihOtHALORE cHRFIYiSEE &! ME&mber A3 cBHABUYeHOtd he

converter is int d an , ?af ety b{jaklél% IS t{) b%l car I’dl ed out tfor

i ncreasing the bP&??gﬁrQ(S §uligBEdy Rysald turrent 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, charac-
terized 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).



17 11. A device according to any of the preceding clains, characterized in
that it is configured to be applied to an electric permnent magnet nachine
(2) having an electric braking device having current valves (9, 10)
controlled through a converter control unit (8) to conduct current to at

| east one additional dissipative resistor (12, 13) for electric braking of
t he vehicle when said machi ne and conveter are connected to an electric
power supply, and that said control unit (26) is configured to occasionally
during short period of tines, such as in the order of 10 - 500 ps, control
saig means to decrease said resistance for checking the functionality of

said neans of,the el ectric safet r aki.n evi,c . EAaCck-ho vehicl e
driving arrar?gen&tdeé’éﬁ%r?%?q{gﬁé & é’i 'F?céj’smﬁgégléﬁ%'@e@ageg%@cordi ng
to any of clainscontmol. un® (26)r kckewfigdradhtiocisantaa ngataly ebedkinac saf ety
braki ng device age@ioh My tAtématRiel§! Airfnd-ddid emisorilictbe @ge@edi ng to
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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, charac-
terized 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.



11.

12.

13.

14.
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A device according to any of the preceding claims, charac-
terized 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 us, control said means to
decrease said resistance for checking the functionality of
said means of the electric safety braking device.

A track-bound vehicle driving arrangement comprising an
electric safety braking device according to any of claims 1-
1.

A track-bound vehicle having an electric safety braking de-
vice according to any of claims 1-11.

A vehicle according to claim 13 having a separate said elec-
tric safety braking device for each wheel axle thereof.



