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DESCRIPTION

Field of the invention

[0001] The invention relates to solutions for braking an electric machine, and more particularly
to braking apparatuses, electric drives and elevator systems for braking an electric machine.

Background of the invention

[0002] Safe operation of an elevator system in the event of a malfunction, such as an
electricity outage, is ensured with the machinery brake of a hoisting machine. In addition, so-
called dynamic braking is often used in elevator hoisting machines, in which case the windings
of the hoisting machine are short-circuited with dynamic braking switches, e.g. during a
standstill of an elevator. Racing of the hoisting machine can be prevented with a short-circuit of
the windings because when the hoisting machine moves the source voltage induced in the
short-circuited windings produces a current that endeavors to brake the movement of the
hoisting machine. Most of the electrical energy produced in dynamic braking in this case is
converted to heat in the winding resistances of the hoisting machine. A dynamic braking
apparatus is for example shown in document US 5,070,290, disclosing the preamble of claim
1. More specifically, US 5,070,290 discloses activating the same upon receiving a signal of
power failure to control the braking process in control modes referred to the preveailing
situation.

[0003] Instead of short-circuiting the windings, the electrical energy produced in dynamic
braking can also be supplied to a load outside the hoisting machine, such as to a power
resistor. In this way heating of the hoisting machine can be reduced during dynamic braking.
The power resistor needed is, however, generally rather large in size; in addition, a free space
must be reserved around it owing to the strong heat rise occurring in the resistor.

[0004] The contacts of a contactor, for instance, can be used as switches of dynamic braking.
In certain exceptional situations, such as in connection with brake tests, the dynamic braking
function must be temporarily removed from use. Sometimes the function is removed from use
by detaching the contacts of the contactors of dynamic braking from the supply cables of the
hoisting machine. In this case there is a danger that it is forgotten to re-connect the contacts of
the contactors of dynamic braking after the tests have been performed. Without dynamic
braking, an elevator car may race when the brake is left free, so forgetting the re-connection of
the contacts of the contactors of dynamic braking may cause a dangerous situation to a
serviceman working in the elevator hoistway.

[0005] Instead of the contacts of the contactors also the solid-state switches of an inverter
controlling the hoisting machine, can be used as switches of dynamic braking. A substantially
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high current may flow in the solid-state switches during dynamic braking. The current causes
considerable warming in the power semiconductors, which again could shorten the service life
of the inverter. For this reason, the current stress caused to the solid-state switches by
dynamic braking must also be taken into consideration when dimensioning the inverter.

[0006] US 4,074,176 discloses that flashover protection in trains, cars, trucks and elevators
can be achieved by applying both mechanical and dynamic braking at the same time or by
interrupting dynamic braking and substituting mechanical braking therefor so to prevent
damage to the motor by excessive dynamic braking voltages.

Summary of the invention

[0007] Owing to the aforementioned reasons, among others, the invention relates to an
improved braking apparatus, according to claim 1. The aim of the invention is also e.g. to
improve the safety of the braking apparatus, electric drive and elevator system and also to
improve the reliability of the apparatus for dynamic braking.

[0008] In relation to the characteristic attributes of the invention, reference is made to the
claims.

[0009] The invention relates to a braking apparatus according to claim 1. According to one or
more embodiments, the braking apparatus comprises an apparatus for dynamic braking, for
braking the electric machine with dynamic braking, an input for the control signal of the braking
apparatus, and also a controller for controlling the apparatus for dynamic braking as a
response to the aforementioned control signal of the braking apparatus. The aforementioned
controller comprises control modes for controlling the apparatus for dynamic braking according
to the control mode to be used at any given time. In this case the apparatus for dynamic
braking can be controlled, if needed, in a different way in different operating situations, such as
during normal operation of the electric machine, and also in connection with an operational
non-conformance or dangerous situation. The aforementioned controller can comprise a
microprocessor and the aforementioned control modes can be implemented in a manner
specified in the software of the microprocessor.

[0010] According to one or more embodiments, the control mode to be used is selected on
the basis of the control signal of the braking apparatus. In this case the control mode can be
selected, e.g. on the basis of the control signal of normal drive or on the basis of the control
signal of service drive. The control mode can also be selected e.g. on the basis of the status
data of the safety circuit of the elevator.

[0011] According to one or more embodiments, the braking apparatus comprises a machinery
brake for braking the electric machine. One control signal of the braking apparatus is an
emergency stop signal, and the controller is arranged to activate the apparatus for dynamic
braking after a delay with respect to the machinery brake in an emergency stop situation. In
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this case, when the machinery brake is activated it engages to brake the movement of the
electric machine before the apparatus for dynamic braking is activated. If the machinery brake
functions normally, the movement of the electric machine starts to decelerate after the
machinery brake has been activated. The speed of the electric machine has thus had time to
decelerate before dynamic braking starts. When the speed of the electric machine decelerates,
the current stress of the switch/switches of dynamic braking decreases, which lengthens the
lifetime of the switches and thus improves the reliability of the apparatus for dynamic braking. If
the machinery brake is defective and the speed of the electric machine has not considerably
decelerated when dynamic braking starts, high current stress is exerted on the switch/switches
of dynamic braking; in this case what is more essential than the current stress of the switches
of dynamic braking is, however, that the movement of the electric machine can be braked with
the apparatus for dynamic braking also in a fault situation of the machinery brake, and thus the
safety of the emergency stop can be improved.

[0012] According to one or more embodiments, the apparatus for dynamic braking comprises
a controllable switch and the controller is fitted in connection with the control pole of the
aforementioned controllable switch, for controlling the controllable switch with a switching
reference formed by the controller. Thus the current of dynamic braking can also possibly be
adjusted during dynamic braking.

[0013] According to the invention, the controller is arranged to activate the apparatus for
dynamic braking after a set activation delay of dynamic braking subsequent to receiving an
emergency stop signal.

[0014] According to the invention, the machinery brake is arranged to be activated after a
certain activation delay of machinery braking subsequent to receiving an emergency stop
signal, and the aforementioned activation delay of dynamic braking is set to be longer than the
activation delay of machinery braking. In this case after an activation delay of machinery
braking, the machinery brake engages to brake the movement of the electric machine before
the activation of the apparatus for dynamic braking, which activation occurs after the activation
delay of dynamic braking. If the machinery brake functions normally the movement of the
electric machine starts to decelerate after the machinery brake is activated. The speed of the
electric machine has thus had time to decelerate before dynamic braking starts. When the
speed of the electric machine decelerates, the current stress of the switch/switches of dynamic
braking decreases, which lengthens the lifetime of the switches and thus improves the
reliability of the apparatus for dynamic braking. If the machinery brake is defective and the
speed of the electric machine has not considerably decelerated when dynamic braking starts,
high current stress is exerted on the switch/switches of dynamic braking; in this case what is
more essential than the current stress of the switches of dynamic braking is, however, that the
movement of the electric machine can be braked with the apparatus for dynamic braking also
in a fault situation of the machinery brake, and thus the safety of the emergency stop can be
improved.

[0015] According to one or more embodiments, the controller comprises an input for the
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speed data of the electric machine and the activation delay of dynamic braking is determined
on the basis of the speed data of the electric machine. In this case the activation delay of
dynamic braking can be determined, e.g. such that the higher the speed of the electric
machine is when the activation signal arrives at the braking apparatus, the longer is the
activation delay of dynamic braking. The longer the activation delay of dynamic braking is, the
more the machinery brake has time to decelerate the speed of the electric machine before
dynamic braking starts.

[0016] According to one or more embodiments, the controller comprises a bus for receiving
the speed reference of the electric machine and the activation delay of dynamic braking is
determined on the basis of the speed data of the electric machine or on the basis of the speed
reference of the electric machine, always using in the determination whichever of these that
has the greater absolute value. For instance, a pulse encoder measuring the movement of the
electric machine may malfunction such that the pulses of the encoder signal completely cease
to travel, in which case the speed data indicated by the encoder signal goes to zero. If the
activation delay is determined from the speed reference of the electric machine, the activation
delay can thus be determined irrespective of the defect of the encoder or of another motion
measurement sensor.

[0017] According to one or more embodiments, the braking apparatus comprises a user
interface, and the controller comprises a memory, and a data transfer connection is made
between the user interface and the controller, for recording the control parameter of dynamic
braking to be supplied from the user interface into the memory of the controller. In this case
the control parameters of dynamic braking can be changed for each specific use, which
improves the functionality of dynamic braking; in one embodiment of the invention the
controller can also send the status data of the apparatus for dynamic braking to the user
interface, which facilitates e.g. troubleshooting of the apparatus for dynamic braking.

[0018] According to one or more embodiments, the control parameter of dynamic braking
refers to at least one of the following: prevention mode of dynamic braking, normal mode of
dynamic braking, nominal speed of the electric machine, average deceleration of the electric
machine with machinery braking, status data of the apparatus for dynamic braking. Thus the
operation of the apparatus for dynamic braking can be temporarily prevented via the user
interface by sending a control parameter that refers to prevention mode of dynamic braking
from the user interface to the controller. Prevention mode of dynamic braking can again be
removed and dynamic braking can be taken into use by sending a control parameter that
refers to normal mode of dynamic braking from the user interface to the controller. The
activation delay of dynamic braking can be set as proportional to the nominal speed of the
electric machine such that the activation delay shortens as the speed of the electric machine
falls below the nominal speed and the activation delay increases as the speed of the electric
machine increases above the nominal speed. In one embodiment of the invention the
activation delay t is defined by means of the instantaneous speed v of the electric machine and
by means of the average deceleration of the electric machine with machinery braking a from

the equation:
v
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[0019] The average deceleration of the electric machine with machinery braking a is
preferably given the value of approx. 1m/s*2.

[0020] According to one or more embodiments, the braking apparatus comprises a machinery
brake for braking the electric machine, an apparatus for dynamic braking, for braking the
electric machine with dynamic braking, and also an input for an emergency stop signal. Both
the machinery brake and the apparatus for dynamic braking are arranged to be activated as a
response to the aforementioned emergency stop signal such that the apparatus for dynamic
braking is arranged to be activated after a delay with respect to the machinery brake. A second
aspect relates to an electric drive.

[0021] According to one or more embodiments, the electric drive comprises a permanent-
magnet synchronous motor. The permanent magnets in the rotor of the permanent-magnet
synchronous motor induce a voltage in the stator windings immediately when the rotor starts
moving. In one embodiment of the invention the aforementioned voltage induced in the stator
windings of the permanent magnets is utilized in the electricity supply of the controller, in which
case dynamic braking can start after the speed of the rotor, and thus the voltage induced in the
stator windings, have increased sufficiently in order to produce the operating electricity needed
by the controller. In this case dynamic braking can be performed without an external energy
source, such as without an electricity network or accumulator.

[0022] According to one or more embodiments, the electric drive comprises a frequency
converter to be connected to the electric machine for driving the electric machine, and the
frequency converter comprises an inverter, for supplying variable amplitude and variable
frequency current to the electric machine.

[0023] According to one or more embodiments, the controller is fitted in connection with the
control poles of the switches of the upper branch of the inverter and/or of the lower branch of
the inverter, for switching the switches of only the lower branch of the inverter, or alternatively
of only the upper branch of the inverter, with the switching reference of dynamic braking, which
switching reference is formed by the controller. Dynamic braking can thus be performed, e.g. in
the manner described in patent application EP 2062348 A1, such that the power supply from
the direct-current intermediate circuit of the inverter to the electric machine is prevented during
dynamic braking.

[0024] According to one or more embodiments, the apparatus for dynamic braking is
arranged to short-circuit the excitation windings of the electric machine, for dynamic braking of
the electric machine. Most of the electrical energy produced in dynamic braking is in this case
converted to heat in the winding resistances of the electric machine, and no separate load,
such as a power resistor, is needed to consume the electrical energy produced in the braking.
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[0025] According to one or more embodiments, the electric drive is implemented without a
braking resistor.

[0026] According to one or more embodiments, the frequency converter comprises a network
inverter-rectifier, for supplying the electrical energy produced in regenerative operation of the
electric machine to the electricity network. When dynamic braking is in this case performed by
short-circuiting the excitation windings of the electric machine and by consuming most of the
electrical energy produced in dynamic braking in the winding resistances of the electric
machine, the power supply appliance of the electric machine can be implemented without a
separate power resistor, which simplifies the power supply appliance and reduces the space
requirement of the power supply appliance.

[0027] According to one or more embodiments, the frequency converter comprises a direct-
current intermediate circuit, and the electric drive comprises a power source, the input of which
is connected to the direct-current intermediate circuit of the frequency converter, and the
output of which power source is connected to the electricity supply of the controller, for utilizing
the electrical energy produced in regenerative operation of the electric machine as operating
electricity of the controller. The voltage induced in the stator windings of the moving rotor of the
electric machine can in this case also be utilized in the electricity supply of the controller, in
which case dynamic braking can start after the speed of the rotor and thus the voltage induced
in the stator windings have increased sufficiently in order to produce the operating electricity
needed by the controller. In this case dynamic braking can also be performed, if necessary,
without an external energy source, such as without an electricity network or accumulator. A
third aspect relates to an elevator system.

[0028] According to one or more embodiments, the elevator hoisting machine and the
frequency converter are fitted in an elevator hoistway. In these types of elevator systems
without machine room a large part of the servicing work of the elevator occurs in the elevator
hoistway. By means of an elevator system according to the invention, working safety in the
elevator hoistway can be improved.

[0029] According to one or more embodiments, the aforementioned user interface is fitted
outside the elevator hoistway. In this case the control parameters of dynamic braking can be
changed from outside the elevator hoistway, e.g. from the stopping floor. In one embodiment of
the invention also the diagnostics data, such as the status data of the apparatus for dynamic
braking can be read using the same user interface.

[0030] According to one or more embodiments, the controller is arranged to switch into
prevention mode of dynamic braking when the controller receives a parameter that refers to
prevention mode of dynamic braking from the user interface, and the controller is arranged to
switch from prevention mode of dynamic braking into normal mode of dynamic braking when it
detects at least one of the following:

» the controller detects the initiation of the next elevator run
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« the controller receives a parameter that refers to normal mode of dynamic braking from
the user interface

« the controller detects a communication break in the data transfer connection between
the user interface and the controller.

[0031] In this way it can be ensured that the dynamic braking function is certain to return to
use after being temporarily removed from use.

[0032] The aforementioned summary, as well as the additional features and advantages of
the invention presented below, will be better understood by the aid of the following description
of some embodiments, said description not limiting the scope of application of the invention.

Brief explanation of the figures

[0033]

Fig. 1
presents a braking apparatus according to the invention as a block diagram
Fig. 2a
illustrates an apparatus for dynamic braking according to the invention
Fig. 2b
illustrates a second apparatus for dynamic braking according to the invention
Fig. 3a
presents an elevator system according to the invention as a block diagram
Fig. 3b
presents possible control modes of the controller according to the invention as a status
chart
Fig. 4
illustrates an activation delay of machinery braking and also an activation delay of
dynamic braking

More detailed description of preferred embodiments of the invention

[0034] Fig. 1 presents as a block diagram a braking apparatus 1, which comprises a
machinery brake 2, and also an apparatus 3 for dynamic braking for braking an electric
machine 4. The apparatus 3 for dynamic braking comprises a controller 8. The apparatus for
dynamic braking also comprises controllable switches, which are connected between the stator
windings of the electric machine. The controller 8 is fitted in connection with the control poles of
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the aforementioned controllable switches, for controlling the controllable switches with the
switching reference formed by the controller 8. When dynamic braking is activated, the
controller closes the aforementioned switches connected between the stator windings of the
electric machine, in which case the stator windings connect in short-circuit with each other.
When the electric machine moves, a source voltage is induced in the short-circuited stator
windings, which source voltage causes current, which current endeavors to brake the
movement of the electric machine. Most of the electrical energy produced in dynamic braking
in this case changes to heat in the winding resistances of the electric machine.

[0035] The apparatus 3 for dynamic braking and the movement management unit 19 of the
electric machine are connected to each other with a serial communications bus, via which the
movement management unit 19 of the electric machine and the controller 8 are connected
together. The movement management unit 19 of the electric machine sends control
parameters and also control signals 5, among others, to the controller 8 via the serial
communications bus. The movement management unit 19 of the electric machine comprises a
user panel 18, from the keyboard of which the control parameters can be entered. The
controller 8, on the other hand, sends the status data of the apparatus for dynamic braking,
among other things, to the movement management unit 19 of the electric machine via the
serial communications bus. The status data can be read from the display of the user panel 18
of the movement management unit and a possible failure of the apparatus 3 for dynamic
braking, among other things, can be deduced on the basis of the status data.

[0036] The movement management unit 19 sends a starting signal 5 of the run to the
controller 8, in which case the controller 8 switches its control mode and stops dynamic braking
by opening the aforementioned switches connected between the stator windings of the electric
machine. At the same time the movement management unit 19 also sends an opening signal 6
of the machinery brake to the control unit 28 of the machinery brake. The control unit 28 of the
machinery brake controls the machinery brake 2 to open as a response to the opening signal
of the machinery brake by supplying current to the magnetizing coil of the electromagnet of the
machinery brake. At the end of the run, the movement management unit 19 sends an end
signal 5 of the run to the controller 8, in which case the controller again switches its control
mode and activates dynamic braking by closing the aforementioned switches connected
between the stator windings of the electric machine. The movement management unit 19 also
sends an activation signal of the machinery brake to the control unit 28 of the machinery brake,
as a response to which activation signal the control unit of the machinery brake activates the
machinery brake to brake the movement of the electric machine by disconnecting the current
supply to the magnetizing coil of the electromagnet of the machinery brake.

[0037] The monitoring unit 29 of the electric drive monitors the operation of the electric drive
and forms an emergency stop signal 7 when it detects a possible dangerous situation. Both the
control unit 28 of the machinery brake and the controller 8 comprise an input for the
emergency stop signal 7 formed by the monitoring unit 29 of the electric drive. The control unit
28 of the machinery brake activates the machinery brake 2 by disconnecting the current supply
to the coil of the electromagnet of the machinery brake after it receives an emergency stop
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signal 7.

[0038] When it receives an emergency stop signal the controller 8 switches into emergency
stop mode. In emergency stop mode the controller 8 activates the apparatus 3 for dynamic
braking after a set activation delay of dynamic braking subsequent to receiving the emergency
stop signal 7 such that the apparatus 3 for dynamic braking is activated after a delay with
respect to the machinery brake 2. The controller 8 comprises an input for the speed data of the
electric machine 4. The speed data of the electric machine 4 is determined by an encoder,
which is mechanically in contact with a rotating part of the electric machine 4. The controller 8
also receives the speed reference of the electric machine 4, i.e. the target value of the speed
of rotation of the electric machine, from the movement management unit 19. The movement
management unit 19 sends the speed reference to the apparatus 3 for dynamic braking via the
serial communications bus between the movement management unit 19 and the apparatus 3
for dynamic braking. The controller 8 determines the activation delay of dynamic braking on
the basis of the speed data of the electric machine and the speed reference of the electric
machine always using in the determination whichever of these that has the greater absolute
value. The activation delay t of dynamic braking is defined by means of the instantaneous
speed / speed reference v of the electric machine and also by means of the average
deceleration with machinery braking a from the equation:
v

t=—
a

[0039] In this case the higher the speed of rotation v of the electric machine is when the
controller 8 receives an emergency stop signal 7, the longer is the activation delay of dynamic
braking.

[0040] The machinery brake 2 is activated after a certain activation delay of machinery
braking. The activation delay is affected by, among other things, the disconnection time of the
current of the coil of the electromagnet of the machinery brake 2 and also by the time it takes
to engage the armature part to mechanically brake the movement of a rotating part of the
electric machine 4. After the armature part is engaged to mechanically brake the movement of
the rotating part of the electric machine 4, and thus after the machinery brake is activated, the
speed of rotation of the electric machine 4 starts to decelerate such that after the activation
delay of dynamic braking the speed of rotation has decelerated sufficiently in order to start
dynamic braking. In this case the controller 8 short-circuits the stator windings of the eleciric
machine 4 in the manner described above. Because the source voltage induced in the stator
windings of the electric machine 4 is proportional to the speed of rotation, reducing the speed
of rotation also affects the short-circuit current flowing in the stator windings at the starting
moment of dynamic braking such that the short-circuit current decreases as the speed of
rotation decreases. Fig. 4 illustrates some activation delays of machinery braking 16 and of
dynamic braking 15. At the moment t = 0 the control unit 28 of the machinery brake and the
controller 8 receive an emergency stop signal. The machinery brake 2 is activated to brake the
movement of the electric machine 4 after the activation delay 16 of machinery braking. The
controller 8 activates the apparatus 3 for dynamic braking after the activation delay 15 of
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dynamic braking by short-circuiting the stator windings of the electric machine 4. According to
Fig. 4, the activation delay 15 of dynamic braking is longer than the activation delay 16 of
machinery braking, in which case the apparatus 3 for dynamic braking is activated after a delay
with respect to the machinery brake 2.

[0041] Figs. 2a and 2b illustrate in more detail some apparatuses 3 for dynamic braking,
which are also suited for use in connection with the embodiment of Fig. 1.

[0042] The apparatus 3 for dynamic braking of Fig. 2a comprises a contactor, the break
contacts of which are connected between the stator windings of the electric machine 4. In this
case dynamic braking is always activated when current is not flowing in the control coil of the
contactor. To stop dynamic braking a current is supplied to the control coil of the contactor, as
a result of which the contacts open and the short-circuit between the stator windings is
disconnected.

[0043] The apparatus 3 for dynamic braking of Fig. 2b is implemented with an inverter, with
which variable amplitude and variable frequency current is also supplied to the electric
machine 4 and thus the movement of the electric machine 4 is adjusted during normal
operation of the electric machine. The controller 8 is fitted in connection with the control poles
of the switches of the upper branch 14A of the inverter and/or of the lower branch 14B of the
inverter, for switching the switches of only the lower branch 14B of the inverter, or alternatively
of only the upper branch 14A of the inverter, with the switching reference of dynamic braking,
which switching reference is formed by the controller 8. Dynamic braking can thus be
performed, e.g. in the manner described in patent application EP 2062348 A1 such that the
power supply from the direct-current intermediate circuit 26 of the inverter to the electric
machine 4 is prevented during dynamic braking. The aforementioned switches of the inverter
are preferably solid-state switches, such as IGBT transistors, MOSFET transistors or
corresponding. According to Fig. 2b the apparatus for dynamic braking comprises a power
source 22, the input of which is connected to the direct-current intermediate circuit 26 of the
inverter. The output of the power source 22 is connected to the electricity supply of the
controller 8, in which case the electrical energy produced during motor braking of the eleciric
machine 4, i.e. in regenerative operation of the electric machine, 4 can be utilized as operating
electricity of the controller 8.

[0044] Fig. 3a presents an elevator system, in which an elevator car 23 and a counterweight
30 are suspended in the elevator hoistway with elevator ropes, a belt or corresponding passing
via the traction sheave of the hoisting machine 4. The torque moving the elevator car 23 is
produced in the hoisting machine 4 with a permanent-magnet synchronous motor. Current
supply from the electricity network 27 to the permanent-magnet synchronous motor occurs
during normal operation of the elevator with a frequency converter. The frequency converter
comprises an inverter, with which the voltage of the direct-current intermediate circuit of the
frequency converter is changed to a variable frequency and variable amplitude supply voltage
of the permanent-magnet synchronous motor. The frequency converter also comprises a
network inverter-rectifier, with which the electrical energy produced during motor braking of the
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hoisting machine 4 is returned to the electricity network 27. Because the electrical energy
produced during motor braking is returned to the electricity network 27, the power supply
system of the hoisting machine is implemented without a separate braking resistor. A braking
resistor refers to the type of power resistor, with which the electrical energy produced during
motor braking is converted into heat instead of returning it to the electricity network.

[0045] The braking apparatus of the elevator system of Fig. 3a comprises a machinery brake
2 and also an apparatus 3 for dynamic braking for braking the hoisting machine 4. The
apparatus 3 for dynamic braking is implemented using the same inverter of the frequency
converter, with which inverter current is also supplied to the permanent-magnet synchronous
motor of the hoisting machine 4 during normal operation of the elevator. The controller 8 of
dynamic braking is integrated into the control unit of the frequency converter, and it is here
called a control part 8 of dynamic braking. The control part 8 of dynamic braking is fitted in
connection with the control poles of the switches of the upper branch 14A of the inverter and/or
of the lower branch 14B of the inverter, for switching the switches of only the lower branch 14B
of the inverter, or alternatively of only the upper branch 14A of the inverter, with the switching
reference of dynamic braking, which switching reference is formed by the control part 8.
Dynamic braking can thus be performed, e.g. in the manner described in patent application EP
2062348 A1 such that the power supply from the direct-current intermediate circuit 26 of the
inverter to the hoisting machine 4 is prevented during dynamic braking. The controllable
switches of the inverter are preferably solid-state switches.

[0046] When dynamic braking is activated the control part 8 switches into the activation mode
of dynamic braking and it closes the aforementioned switches of the upper branch or the lower
branch of the inverter, in which case the stator windings connect in short-circuit with each
other. When the hoisting machine 4 moves, e.g. owing to the imbalance of the net load of the
elevator, a source voltage is induced in the short-circuited stator windings, which source
voltage causes current, which current endeavors to brake the movement of the hoisting
machine 4. Most of the electrical energy produced in dynamic braking in this case changes to
heat in the winding resistances of the hoisting machine 4, and there is no need for a separate
braking resistor.

[0047] The frequency converter comprises a power source 22, the input of which is connected
to the direct-current intermediate circuit 26 of the inverter. The output of the power source 22
is connected to the electricity supply of the control unit of the frequency converter, in which
case the electrical energy produced during motor braking of the hoisting machine 4, i.e. in
regenerative operation of the hoisting machine 4, can be utilized as operating electricity of the
control unit. Since the rotor magnetization of the hoisting machine 4 is implemented with the
permanent magnets of the permanent-magnet synchronous motor, source voltage is induced
in the stator windings always when the hoisting machine 4 starts to rotate. In this case dynamic
braking can be started without an external energy source immediately when the source voltage
of the stator has increased sufficiently to excite the power source 22, which after being excited
starts to supply operating electricity to the control part 8 of dynamic braking. Dynamic braking
can start after the electricity supply of the control part 8 has started.
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[0048] The frequency converter and the movement management unit 19 of the elevator car
are connected to each other with a serial communications bus, via which the movement
management unit 19 of the elevator car and the control part 8 of dynamic braking are
connected together. The movement management unit 19 of the elevator car sends control
parameters and also control signals 5, among other things, to the control part 8 of dynamic
braking via the serial communications bus. The movement management unit 19 of the elevator
car comprises a user panel 18, from the keyboard of which the control parameters can be
entered. The user panel 18 is disposed on the stopping floor outside the elevator hoistway.
The control part 8 of dynamic braking, for its part, sends the status data of the apparatus 3 for
dynamic braking, among other things, to the movement management unit 19 of the elevator
car via the serial communications bus. The status data can be read from the display of the
user panel 18 of the movement management unit and a possible failure of the apparatus 3 for
dynamic braking, among other things, can be deduced on the basis of the status data.

[0049] The movement management unit 19 of the elevator car sends a starting signal 5 of the
run to the control part 8 of dynamic braking, in which case the control part 8 switches its control
mode and stops dynamic braking by opening the aforementioned switches of the upper branch
of the inverter or of the lower branch of the inverter. At the same time the movement
management unit 19 of the elevator car also sends an opening signal 6 of the machinery brake
to the control unit 28 of the machinery brake. The control unit 28 of the machinery brake
controls the machinery brake 2 to open as a response to the opening signal 6 of the machinery
brake by supplying current to the magnetizing coil of the electromagnet of the machinery
brake. At the end of the run the movement management unit 19 of the elevator car sends an
end signal 5 of the run to the control part 8 of dynamic braking, in which case the control part 8
again switches its control mode and activates dynamic braking by closing the aforementioned
switches of the upper branch of the inverter or of the lower branch of the inverter. The
movement management unit 19 of the elevator car also sends an activation signal 6 of the
machinery brake to the control unit 28 of the machinery brake, as a response to which
activation signal the control unit of the machinery brake activates the machinery brake to brake
the movement of the hoisting machine 4 by disconnecting the current supply to the
magnetizing coil of the electromagnet of the machinery brake.

[0050] The safety circuit 29 of the elevator monitors the operation of the elevator system and
forms an emergency stop signal 7 when it detects a possible dangerous situation. Both the
control unit 28 of the machinery brake and the control part 8 of dynamic braking comprise an
input for the emergency stop signal 7 formed by the safety circuit 29 of the elevator. The
control unit 28 of the machinery brake activates the machinery brake 2 by disconnecting the
current supply to the coil of the electromagnet of the machinery brake after it receives an
emergency stop signal 7.

[0051] When it receives an emergency stop signal the control part 8 of dynamic braking
switches into emergency stop mode. The control part 8 of dynamic braking activates dynamic
braking after a set activation delay of dynamic braking subsequent to receiving an emergency
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stop signal 7 such that dynamic braking is activated after a delay with respect to the machinery
brake 2. The control part 8 of dynamic braking comprises an input for the speed data 17 of the
hoisting machine 4. The speed data 17 of the hoisting machine 4 is determined by an encoder,
which is mechanically in contact with the rotating part of the hoisting machine 4. The control
part 8 of dynamic braking also receives the speed reference of the hoisting machine 4, i.e. the
speed of rotation of the hoisting machine, and thus also the target value of the speed of the
elevator car 23, from the movement management unit 19 of the elevator car. The movement
management unit 19 sends the speed reference to the control part 8 of dynamic braking via
the serial communications bus between the movement control unit 19 and the frequency
converter. The control part 8 of dynamic braking determines the activation delay of dynamic
braking on the basis of the speed data of the hoisting machine and the speed reference of the
hoisting machine, always using in the determination whichever of these that has the greater
absolute value. The activation delay t of dynamic braking is defined by means of the
instantaneous speed/speed reference v of the hoisting machine and by means of the average
deceleration with machinery braking a from the equation:

t=—
a

[0052] In this case the higher the speed of rotation v of the hoisting machine is when the
control part 8 of dynamic braking receives an emergency stop signal 7, the longer is the
activation delay of dynamic braking.

[0053] The machinery brake 2 is activated after a certain activation delay of machinery
braking. The activation delay of machinery braking is affected by, among other things, the
disconnection time of the current of the coil of the electromagnet of the machinery brake 2 and
also by the time it takes to engage the armature part to mechanically brake the movement of a
rotating part of the hoisting machine 4. After the armature part is engaged to mechanically
brake the movement of the rotating part of the hoisting machine 4, and thus after the
machinery brake is activated, the speed of rotation of the hoisting machine 4 starts to
decelerate such that after the activation delay of dynamic braking the speed of rotation has
decelerated sufficiently in order to start dynamic braking. In this case the control part 8 of
dynamic braking short-circuits the stator windings of the hoisting machine 4 in the manner
described above. Because the source voltage induced in the stator windings of the hoisting
machine 4 is proportional to the speed of rotation, reducing the speed of rotation also affects
the short-circuit current flowing in the stator windings at the starting moment of dynamic
braking such that the short-circuit current decreases as the speed of rotation decreases.

[0054] For example, in connection with machinery brake tests of a hoisting machine and/or
safety gear tests of an elevator car, the dynamic braking function is temporarily removed from
use. Removal from use occurs by supplying a parameter that refers to prevention mode of
dynamic braking to the control part 8 of dynamic braking via the user panel 18 of the
movement management unit of the elevator car. In this case when it receives the parameter
the control part 8 of dynamic braking switches into prevention mode of dynamic braking. The
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control part 8 of dynamic braking switches from prevention mode of dynamic braking back into
normal mode of dynamic braking, e.g. when it detects the initiation of the next run of the
elevator; thus prevention mode of dynamic braking is only in use during the time between runs,
e.g. when the elevator car is allowed to move by opening the machinery brake manually. The
control part 8 of dynamic braking switches from prevention mode of dynamic braking into
normal mode of dynamic braking also when it receives a parameter that refers to normal mode
of dynamic braking from the user panel 18 and also when it detects a communication break in
the serial communications between the user panel 18 and the frequency converter. With this it
can be ensured that the dynamic braking function is returned back to use always after
performing machinery brake tests/safety gear tests.

[0055] Fig. 3b illustrates e.g. the control modes of the controller 8 of the apparatus for
dynamic braking according to any of the preceding embodiments. During normal mode 12 of
dynamic braking, dynamic braking is either activated 12A or switched off 12B such that the
activation and switching off of dynamic braking are selected on the basis of the control signal of
the braking apparatus. When it receives an emergency stop signal the controller 8 switches
from normal mode 12 into emergency stop mode 10, in which case dynamic braking is
activated after a delay with respect to the machinery brake, e.g. such as is described in any of
the preceding embodiments. The controller 8 switches from normal mode 12 into prevention
mode 11 of dynamic braking when it receives a parameter that refers to prevention mode of
dynamic braking, e.g. in the manner presented in the embodiment of Fig. 3a. If a failure is
detected in the apparatus for dynamic braking, the controller switches into fault mode 13. In
one embodiment of the invention, the controller 8 also sends information about the fault to the
user interface 18.

[0056] In the preceding the invention is described in connection with an elevator system with
counterweight; the solution according to the invention is suited, however, also to elevator
systems without counterweight.

[0057] The invention is not limited solely to the embodiments described above, but instead
many variations are possible within the scope defined by the claims below.
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Patentkrav

1. Bremseapparat (1) til en elevator, der omfatter:

- et apparat (3) til dynamisk bremsning, til bremsning af en elektrisk

maskine (4) med dynamisk bremsning,
5 - et input til et styresignal (5, 7) af bremseapparatet,

- en styring (8) til styring af apparatet (3) til dynamisk bremsning som

respons til det ovennaevnte styresignal (5, 7) af bremseapparatet,

hvor styringen (8) omfatter styremodi (10, 11, 12, 13) til styring af apparatet (3)
til dynamisk bremsning ifglge det styringsmode der skal anvendes pé et hvilket
10 som helst givet tidspunkt, kendetegnet ved at

- styringen (8) er indrettet til at aktivere apparatet (3) til dynamisk
bremsning efter en sat aktiveringsforsinkelse (15) af dynamisk bremsning

efterfglgende modtagelse af et ngdstopsignal (7), og

- ved at en maskinbremse (2) er indrettet til at blive aktiveret efter en vis
15 aktiveringsforsinkelse (16) af maskinel bremsning efterfglgende

modtagelse af ngdstopsignalet (7),

hvor aktiveringsforsinkelsen (15) af dynamisk bremsning er sat til at veere
laengere end aktiveringsforsinkelsen (16) af den maskinelle bremsning.

20 2. Bremseapparat ifglge et hvilket som helst af de foregédende krav, kendetegnet
ved at styringen (8) omfatter et input for hastighedsdata (17) fra den elektriske
maskine,
og ved at aktiveringsforsinkelsen (15) af dynamisk bremsning bestemmes pé
basis af hastighedsdata (17) fra den elektriske maskine.

25
3. Bremseapparat ifglge et hvilket som helst af de foregédende krav, kendetegnet
ved at styringen (8) omfatter en bus til at modtage en hastighedsreference fra
den elektriske maskine, og ved at aktiveringsforsinkelsen (15) af dynamisk

bremsning bestemmes pa basis af hastighedsdata fra den elektriske maskine eller
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pa basis af hastighedsreference fra den elektriske maskine altid ved at anvende i
bestemmelsen den en af disse der har den stgrste absolutte vaerdi.

4. Bremseapparat ifglge et hvilket som helst af de foregdende krav, kendetegnet
ved at bremseapparatet (1) omfatter en brugerflade (18), og ved at styringen (8)
omfatter en hukommelse, og ved at en dataoverfgringsforbindelse (21) er gjort
mellem brugerfladen (18) og styringen (8) til optagelse af styreparameteret af
dynamisk bremsning der skal tilfgres fra brugerfladen (18) ind i styringens (8)
hukommelse.

5. Bremseapparat ifglge et hvilket som helst af de foregdende krav, kendetegnet
ved at styreparameter af dynamisk bremsning henviser til mindst en af fglgende:

- praeventiv-modus (11) af dynamisk bremsning

- normal-modus (12) af dynamisk bremsning

- nominal hastighed af den elektriske maskine

- gennemsnitsbremsetid af den elektriske maskine med maskinbremsning

- statusdata af apparatet til dynamisk bremsning.

6. Elektrisk drev til en elevator, der omfatter en elektrisk maskine (4),
kendetegnet ved at det elektriske drev omfatter et bremseapparat (1) ifglge et
hvilket som helst af kravene 1 - 5 til bremsning af den elektriske maskine (4).

7. Elektrisk drev ifglge krav 6, kendetegnet ved at den ovennavnte elektriske

maskine (4) omfatter en permanentmagnet-synkron motor.

8. Elektrisk drev ifglge krav 6 eller 7, kendetegnet ved at det elektriske drev
omfatter en frekvensomformer (20) der skal forbindes til den elektriske maskine
(4) til at drive den elektriske maskine (4), og ved at frekvensomformeren (20)
omfatter en vekselretter (14A, 14B), til tilfgrsel af variabel amplitude og variabel
frekvensstrgm til den elektriske maskine (4).
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9. Elevatorsystem, kendetegnet ved at elevatorsystemet omfatter et elektrisk
drev ifglge et hvilket som helst af kravene 6-8, til at drive en elevatorstol (23) i en

elevatorskakt.

10. Elevatorsystem ifglge krav 9, kendetegnet ved at det elektriske drev (4)
som hejsemaskine af elevatoren og frekvensomformeren (20) er fastgjort i
elevatorskakten.

11. Elevatorsystem ifglge krav 9 eller 10, kendetegnet ved at den ovennavnte
brugerflade (18) er fastgjort udenfor elevatorskakten.

12. Elevatorsystem ifglge et hvilket som helst af kravene 9-11, kendetegnet ved
at styringen (8) er indrettet til at skifte til et forebyggelses-modus (11) af
dynamisk bremsning nar styringen (8) modtager et parameter der henviser til
forebyggelses-modus af dynamisk bremsning fra brugerfladen (18), og ved at
styringen er indrettet til at skifte fra forebyggelses-modus af dynamisk bremsning
til normal modus (12) af dynamisk bremsning efter det detekterer mindst et af

fglgende:
- styringen (8) detekterer en indledning af en naeste kgrsel af elevatoren

- styringen (8) modtager et parameter der henviser til normal modus (12)

af dynamisk bremsning fra brugerfladen (18)

- styringen (8) detekterer et kommunikations-break i en

dataoverfgringsforbindelse (21) mellem brugerfladen og styringen.
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Fig. 2b
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