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DESCRIPTION

[0001] In elevators situations appear, where the elevator car has been manually driven to a
next landing, In most cases to release trapped passengers, but also for maintenance
purposes. In conventional elevators a manual actuator, e.g. a release lever or push button is
actuated to allow the elevator to move to the next floor level. For example in case of a mains
power faillure the elevator car may have stopped between floors and an automatic rescue
operation - If provided - may have failed; In this case the service technician needs to move
elevator car without mains power supply.

[0002] Most elevators nowadays have elevator motors driven via frequency converters having
an inverter bridge supplying the different motor windings with current. In this case sometimes
dynamic braking 1s applied to restrict the velocity of the elevator car during the manual drive.
During this dynamic braking, which is produced when an e.g. permanent-magnet synchronous
motor (PMSM) rotates with motor terminals short-circuited by the semiconductor switches of
the inverter bridge. The braking torque achieved with dynamic braking i1s however limited to
motor-specific maximum values which Is less than the maximum torque, the motor could
produce If it was supplied from frequency converter in normal operation. WWhen motor rotates, it
produces a torque which is Iimited to a maximum value and which begins to decrease as the
motor speed Increases beyond a maximum torque point. Thus, PMSM motors have to be over-
dimensioned in some sense so that maximum dynamic braking torque will be enough for the
particular elevator. Further, an asynchronous motor I1s unable to produce torque without
external power for magnetizing the motor.

[0003] In some refined embodiments, instead of a manual brake lever, a manual electrical
opening of the brakes is used. This i1s done by feeding current to the elevator brake from a
battery by pushing a manual button to close the electricity supply device from battery to the
brake colils of the elevator brake.

[0004] Instead of a manual rescue operation of the above type also an automatic rescue
operation is known. Here the elevator control system automatically determines a rescue drive
need and starts rescue drive to drive elevator car to the closest floor level. The benefit is that
serviceman visit is not required to the elevator site. However this implementation may be more
expensive , for example because of excessive battery capacity. On the other hand in some
situations automatic rescue operation may not be possible, If visual inspection of elevator Is
needed, for example for safety reasons.

[0005] The US2008/0185233 A1 discloses an elevator with a manual rescue mode wherein the
brake and motor drive are fed from a backup battery and the motor is controlled via the
iInverter bridge of the motor drive In line with a reduced speed reference.

[0006] The object of the present invention is to allow a safe manual drive of the elevator car
after mains power off to a nearby landing of the elevator.
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[0007] The object is solved with a method according to claim 1 and with an elevator according
to clam 12. Preferred embodiments of the invention are subject-matter of the dependent
claims. Preferred embodiments of the invention are also described in the specification as well
as in the drawings.

[0008] The method of the present invention for performing a manual drive in an elevator after
mains power-off i1s to be performed Iin an elevator, which comprises

e an AC elevator motor

e a motor having a frequency converter, whereby the frequency converter comprises a
rectifier bridge and an inverter bridge with semiconductor switches, which rectifier bridge
and inverter bridge are connected via a DC link, and whereby the motor drive comprises
a drive control at least to control the semiconductor switches of the inverter bridge to
regulate the speed of the elevator motor to a reference speed,

e an elevator brake located in connection with the elevator motor and/or with a traction
sheave of the motor,

e atleast one elevator car running in an elevator driveway,

o atleast two landing floors connected with the elevator driveway,

e atleast one speed sensor for the motor speed and/or car speed,

e a manual emergency drive device connected to the drive control and comprising a
manual drive control, a back-up battery and a manual operating interface with at least
one actuator as well as a floor level indicator, which manual operating Interface is
disposed In a control panel of the elevator,

In which method upon actuating the actuator following steps are carried out,
In the following succession:

1. a) the frequency converter of the motor Is separated from mains,
2. b) any safety blocking of the brake drive and/or motor drive iIs disabled,

b1) the brakes are opened such that car starts to move due to gravity, because of
unbalance of the elevator car,

b2) the movement of the elevator car is braked with the elevator motor (14), whereby
the elevator drive I1s regenerating such that no power 1s taken from battery (60) to
windings of the elevator motor (14), but battery power is used to supply voltage to the
drive control/manual drive control (28, 32) to modulate high-side and low-side transistors
of the inverter bridge (26),

3. ¢) current is supplied from the battery to the brake coils to open the elevator brake and
current I1s supplied from the battery to the motor drive to allow regulation of the motor
speed via the inverter bridge,

4. d) the manual drive control observes the motor speed via the speed sensor and starts a
speed feedback loop to regulate the motor speed to a manual drive reference value by
feeding a three phase-AC current to the motor windings via the semiconductors of the
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iInverter bridge, which speed reference is lower than the speed reference for normal
operation, which speed regulation may be performed only In case the motor speed
reaches or exceeds the manual drive reference value,

5. e) when the car reaches a floor level the floor level indicator is activated, and

6. f) the actuator Is released whereafter the current supply from the battery to the elevator
brake Is Interrupted and the previous disabled safety blocking of the brake drive and/or
motor drive I1s enabled again.

[0009] According to the present invention, the manual emergency drive device I1s able to
separate the frequency converter of the motor drive from mains and to connect the elevator
brake and the motor drive with a battery so that generally the brakes may be opened during
the emergency drive and so that the motor drive and its drive control are able to allow the
motor to rotate as to drive the elevator car in the driveway, e.g. the elevator shaft, to a nearby
landing. This means that first brakes are opened such that car starts to move due to gravity,
because of unbalance of the car. Then movement is braked with motor, e.g. elevator drive Is
regenerating, such that no power is taken from battery to motor windings, but battery power is
only required for supply voltage of control electronics (to supply drive control 28 / manual drive
control 32 microprocessors) to modulate high-side and low-side transistors of inverter bridge.
This means that only very small battery is required. Power is required from battery to motor
windings only if motor does not start to rotate when brakes are opened. This however means
that motor 1s In balance condition, which then means that motor can be rotated with much
smaller current anywavy.

[0010] According to the invention, the manual emergency drive device uses the control abilities
of the drive control an inverter bridge to control the semiconductor switches of the inverter
bridge to brake the rotation of the motor caused by gravity. At the same time the motor speed
IS regulated by a speed feedback loop to a manual drive reference speed which is lower than
the normal reference speed, used in normal elevator operation. The use of a lower manual
drive reference speed gives a better control of the whole manual drive, particularly considering
any safety related stops of the elevator car, which - In contrast to normal operation - regularly
take place without any deceleration ramp before the stop.

[0011] Thus, In contrast to the prior art technology, where during an elevator emergency drive
only dynamic braking has been used whereby the windings of the motor are short-circuited via
the Inverter bridge, now a real drive impulse i1s fed to the elevator motor via the inverter bridge
so as to rotate the motor with a desired velocity according to the manual drive reference speed
value. The advantage of this solution Is that the elevator car can be driven In any load
conditions with the desired velocity to the next landing In riding direction of the elevator car.
Normally, the elevator motor is rotated by the imbalance between the gravitational force acting
on the elevator car and the counterweight. Anyway, In circumstances where the weight of the
elevator car Including its load I1s about the same as the weight of the counterweight, there
might be no movement at all. In the present invention, the use of the motor drive to rotate the
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motor with a desired velocity has the advantage that independent of the load conditions, the
elevator car 1s always driven with a predefined speed according to the manual drive speed
reference value of the manual drive device. The driving of the elevator motor with said
predefined velocity reliably avoids any overspeed situation which could lead to the activation of
the gripping device of the elevator car which is difficult to reset.

[0012] When the elevator car reaches a floor or landing level Iin step e), the floor level indicator
IS activated and a manual or automatic stop of the current supply to the brake and motor drive
IS performed either by releasing the actuator, which i1s regularly a push-button, or automatically
by the manual drive control. Additionally, the blocking, overwriting or bypassing of safety
signals of any safety devices which block signals from the motor drive or brake drive may now
be terminated so that any further movement of the elevator motor and thus of the elevator car
IS stopped.

[0013] The stopping can happen by manually releasing the actuator which stops the feeding of
pulses to the elevator motor with drive control signals and additionally stops feeding current to
the elevator brake (colls).

[0014] The stop can also happen automatically by an internal relay of the manual emergency
drive device which automatically releases the actuator and/or sets the elevator back from the
emergency drive mode into normal mode, enabling safety signals blocking the brake drive and
motor drive and cutting the connection between the battery on one hand and the elevator
brake and the motor drive on the other hand.

[0015] When the elevator car has reached a floor zone, accordingly the current to the brake
drive and to the motor drive Is separated leading to the iImmediate stop of the elevator car. As
In the emergency drive, the elevator car runs preferably with a lower velocity than the nominal
velocity the immediate stop of the elevator car from the emergency drive does not lead to an
excessive deceleration value when stopping. Preferably, the speed reference of the emergency
drive Is at most half of the nominal velocity of the elevator car.

[0016] Thus, the Invention suggest a manual drive operation, e.g. for releasing trapped
passengers or for maintenance purposes with active dynamic control. In active dynamic control
the stator coils are not continuously short-circuited - as in dynamic braking - but they are
modulated by igbt transistors of the inverter bridge as to rotate the rotor of the elevator motor
with a predefined speed which I1s given by the manual drive speed reference, which is
preferably lower than the speed reference for the nominal elevator speed during normal
operation.

[0017] The active dynamic braking of this invention differs from traditional (passive) dynamic
braking such that igbt transistors of motor bridge are modulated to produce a rotating field to

brake the motor, instead of the traditional way to continuously short the stator winding wires
together with separate switching element, such as dynamic braking contactor. In traditional
case, when stator wires are shorted together, the motor torque has a maximum limit at specific
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speed, and torque begins to decrease when the speed increases beyond the maximum torque
point, causing a race of the motor. So first the torque increases when rotating speed increases
from zero, but after maximum torque point torque starts to decrease. The short device torque
curve as well as the maximum torque point of permanent magnet motor depends on motor-
specific parameters (inductance, resistance, electromotive voltage etc.). With some
combinations, and with a large elevator unbalance, the motor torque produced by short-
circuiting its windings i1s not sufficient to limit the motor speed before the maximum torque
point. In other words, the motor speed In these cases cannot be limited with traditional passive
dynamic braking. As a consequence, when speed raises over the maximum torque point, the
torque decreases, having the effect that motor suddenly races causing triggering of the safety
gear by overspeed governor, with the result that elevator car is gripped against guide rail. It is
hassle some to release an elevator car where the gripping device has gripped. After the
gripping, to get the passengers out of the car, first a separate hoist, such as Tirak, must be
brought to elevator site to lift the car with a high force against the wedging force of the gripping
device from the safety gear.

[0018] In the active dynamic braking of this invention, on the other hand, it is possible to obtain
maximum motor torque at all speeds, because phase angle between motor current and
voltage can be freely adjusted. In other words, the inventive active dynamic braking works with
all possible motor/load combinations. There I1s no need to over-dimension the motor to get
adequate short device torque.

[0019] Further, this operation Is implemented under affecting the safety status of the brake
drive and motor drive. Thus the invention uses a safety activation circuit which counteracts to
the obligatory safety devices of the elevator for blocking elevator operation after a power -off.
The safety devices comprise nowadays an electronic safety logic which operates such that
when elevator drive Is not allowed or possible (e.g. after a mains power-off), a +24V safety
signal pending continuously during normal operation of the elevator is cut causing the safety
logic to block control pulses of at least igbt transistors of motor bridge (so called STO logic)
and brake controller of hoisting machinery brakes (SBC logic). Control pulses to motor bridge
and brake controller transistors are only possible when the +24V safety signal is inputted to
STO and SBC logics. The safety activation circuit enables the brake drive and the motor drive
to work. On this behalf either safety signal may be altered or cut. Thus In a preferred
embodiment of the invention the safety activation circuit connects the battery i1s connected with
the safety line, e.g. via a logical OR member to provide the +24V safety signal for STO and
SBC logics. This battery-provided +24V safety signal can be connected or disconnected via the
safety activation circuit automatically or in connection with any manual operation of actuators
or mode select switches located In the manual operating Interface. Thus STO and SBC
function may be bypassed from the manual operating interface. (Normally the +24V safety
signal comes from elevator safety device, and it would otherwise prevent the active dynamic
braking in manual rescue operation)

[0020] The Inventive manual operating interface may have a push button as actuator. The
manual operating interface may be disposed In an elevator control panel, for example In a
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landing door frame or In machine room. The battery can be disposed in the control panel or it
can (preferably) be disposed in elevator shaft close to elevator drive and elevator motor. VWhen
the push button in the manual operating interface is pushed, electricity i1s supplied from battery
to brake coils of hoisting machine to open the hoisting machinery brakes. The battery also
provides supply voltage via the safety activation circuit to control electronics (e.g. DSP
processor) of the motor bridge.

[0021] An example of the Inventive manual drive operation, for example to release trapped
passengers, works as follows:

e the frequency converter of the motor drive 1s separated from mains (with a manual
mains switch or a separate mains relay, installed between the mains and the frequency
converter, with the rectifier bridge of the frequency converter etc.)

e STO and SBC safety functions are bypassed from the manual operating interface (by a
serviceman), by pushing a button. This means that operation of motor bridge igbt
transistors as well as brake controller is enabled.

e the brake is opened from the manual operating interface (by a serviceman), and motor
starts to move,

» the motor bridge controller observes motor speed. VWhen motor speed reaches a given
value (0,3 m/s), motor bridge controller starts speed control loop and regulates motor
speed by braking the motor. The control principle 1s normal elevator motor speed
control, which is a vector control with speed control and motor current control loops. Full
control over motor torque Is achieved.

e when the serviceman releases the manual operation interface button, current supply to
brakes Is interrupted and bypassing of STO and SBC functions is removed immediately.

o there are preferably at least two manual control buttons, a mode select switch that must
first be turned to rescue operation mode and a manual push button, which must be
continuously pushed (by the serviceman) to move the car.

[0022] This Invention In summary uses drive frequency converter to control current phase
angle with respect to motor source voltage / back-emf voltage allowing motor to produce
torque as it would be possible in normal run.

[0023] The invention provides the following advantages:

e PMSM motor (permanent magnet synchronous motor) can be cheaper as there is no
need to base motor design on maximum passive dynamic braking torque capability.

e The invention allows the active dynamic braking function to be used with asynchronous
motors.

e [There will always be enough torque to decelerate elevator to a desired speed during
active dynamic braking.

 [he risk of overspeed of the elevator car with manual brake opening is reduced.
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[0024] In a preferred embodiment of the invention, after step a), the safety functions of the
elevator car are bypassed to enable operation of the inverter bridge and of the elevator brake,
and In step f), said bypassing of the safety devices is stopped. Usually, there is a safety device
In the elevator which issues a signal to the motor drive as well as to the brake drive causing
these drives to block any issue of control signals to the elevator brake or to the inverter bridge.
The bypassing of the safety devices Is possible If the corresponding safety line is linked with an
output of the manual emergency drive device which continues feeding the enabling signals In
case the enabling signals are stopped based on the power off of the elevator and the
corresponding signals from the safety device. Thus, the normal enabled signal is a 24 V signal
which 1s shut off when the mains goes down. The bypassing can happen If in case of
Interrupting the 24 V signal, this signal is fed by the manual emergency drive device, for
example via a logical or element. Instead of bypassing other alternatives may be possible to
manipulate safety devices as to enable the function of the brake drive and motor drive.

[0025] In this connection 1t should be carried out that the manual drive control may be a
separate component in the elevator control or it may be integrated with the drive control,
whereby particularly all functions of the manual drive control may be performed by the drive
control of the motor drive. It i1s essential that the manual emergency drive device allows the
environment of the motor drive and a brake drive as to work proper as in a normal operating
condition so that also a speed signal of the elevator car and/or of the elevator motor, e.g. a
tachometer of the elevator motor, I1s connected to the motor drive or the manual emergency
drive to enable a feedback regulation loop for the motor speed.

[0026] The bypassing of the safety devices Is possible automatically when the actuator is
operated or when the elevator is turned into emergency drive mode, for example via a certain
operating device, for example a mode select switch In the control panel of the elevator, for
example in a manual operating interface which may be integrated in the elevator control panel.
Thus, In a preferred embodiment, additionally to the actuator a mode select switch Is provided
which must be first operated to set the elevator to a manual rescue operation mode allowing
the steps a) to f) to be performed afterwards by pushing or operating the actuator of the
manual emergency drive device. This may be advantageous because when first setting the
elevator to the rescue operation mode the safety devices blocking the motor drive or brake
drive are bypassed and thus it can be seen If the bypassing of the safety devices and the
energizing of the brake drive and the motor drive might result in any unexpected movement of
the elevator car in which case the mode select switch might instantly switched back to normal
mode.

[0027] Preferably, the actuator must be continuously pushed to allow steps a) to e), particularly
step c¢) to be performed whereby any release of the actuator mmediately leads to step f). This
measure enhances the safety of the elevator as the operator has to manually push the
actuator during the complete manual ride which enables him to immediately release the
actuator iIf something unexpected should happen.
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[0028] Preferably, the separating of the frequency converter of the motor drive from mains
may be performed with a manual mode select switch or preferably with a separate main relay
which 1s Installed between mains and the frequency converter and which Is preferably
automatically disconnecting when the actuator is operated.

[0029] In a preferred embodiment of the invention, the reference value Iin step d) Is chosen to
keep the car speed to 0.3 m/s at the maximum. This slow riding velocity for the manual drive Is
large enough to bring the elevator car safely to the next landing level and is on the other hand

slow enough so that any immediate stop from this velocity would not lead to an excessive
deceleration value so that the comfort of the rescue drive Is enhanced.

[0030] Preferably, step f) is performed automatically when the floor level indicator signals the
reaching of the floor level by the elevator car. In this case, the operator releasing the
passengers must not be so attentive to the actual level of the elevator car in the shaft as this
level Is controlled automatically and the elevator car is automatically stopped when the elevator
car has reached the appropriate level to release the passengers to the landing.

[0031] Preferably, control principle of the speed regulation in step d) is a vector control with
speed control and motor current control loops which iIs a very reliable and proven method to
control the motor speed to the desired reference value.

[0032] In a preferred embodiment, which is not part of the invention, the manual operating
Interface comprises a mode select switch, which sets the elevator in an emergency drive mode
IN which steps a) to b) are performed and in which safety devices which block the brake drive
and/or motor drive from iIssuing control impulses are bypassed automatically or upon
Interaction with a manual switch located in the manual operating interface or in the elevator
control panel. This is a two-step method wherein first the elevator has to be set into the manual
emergency drive mode so as to bypass any signal devices and to connect the brake drive and
the motor drive with the battery enabling them to generally issue control impulses to the
respective components. Only afterwards, when operating the actuator, for example pushing a
push button, the steps c¢) to f) may happen whereby the elevator car is really moved by the
corresponding control signals of the semiconductors of the inverter bridge of the frequency
converter.

[0033] The invention also relates to an elevator with following features:

e an AC elevator motor

e a motor drive to regulate the speed of the elevator motor with a frequency converter,
whereby the frequency converter of the motor drive comprises a rectifier bridge and an
iInverter bridge with semiconductor switches, which rectifier bridge and inverter bridge
are connected via a DC link, and whereby the motor drive comprises a drive control at
least to control the semiconductor switches of the inverter bridge to regulate the elevator
motor to a reference speed,

» an elevator brake located in connection with the elevator motor and/or with a traction
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sheave of the motor,

» atleast one elevator car running in an elevator driveway,

o atleast two landing floors connected with the elevator driveway,

o atleast one speed sensor for the motor speed and/or car speed,

e a manual emergency drive device comprising a back-up battery and a manual operating
Interface with at least one actuator as well as a floor level indicator, which manual
operating interface Is disposed in a control panel of the elevator,

o a switch or relay to separate the frequency converter of the motor from mains,

e the manual emergency drive device Is connected to a connecting relay which is provided
to connect the battery with the elevator brake and with the DC link of the motor drive and
with the drive control to allow regulation of the motor speed via the inverter bridge,
the manual emergency drive I1s connected to a safety activation circuit, enabling the
brake drive and the motor drive to issue signals during the manual drive operation,

e which drive control is configured during the manual drive to obtain the motor speed via
the speed sensor, and to start a speed feedback loop to regulate the motor speed to a
reference value by feeding a three phase-AC current to the motor windings via the
semiconductors of the inverter bridge.

[0034] With respect to the advantages and effects of the features of this inventive elevator it is
referred to the above description of the Iinventive method. In this connection it Is to be
emphasized that the features of the elevator and of the method can be combined with each
other arbitrarily.

[0035] In a preferred embodiment of this elevator, the manual emergency drive device Is
configured to disconnect the battery from the elevator brake and/or from the motor drive and
drive control automatically when the floor level indicator is activated. This facilitates the release
action of the operator as the elevator automatically stops when it reaches the floor level.

[0036] Preferably, the actuator i1s a push button which 1s a well-known actuator for emergency
drive actions.

[0037] Preferably, the control panel is located in a landing door frame. This has the advantage
that any movement of the elevator car might be monitored via a window in the control panel or
via a camera and a display transmitting the movement of the elevator car to the display in the
control panel. Furthermore, In this case, the manual operating Interface can be located
together with the elevator control panel in a space where normally a separating wall is located
so that the arrangement of the control panel and the manual operating interface does not
necessitate further space in the building.

[0038] The interruption of the current supply from the battery to the elevator brake typically
Includes the interruption of current flow to the brake drive, but also or alternatively may be
realized by Interrupting the current supply from the battery to the brake coils of the elevator
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brake by means of the brake drive, by controlling one or more brake drive switches.

[0039] Preferably, a DC converter is located in the DC link to boost the voltage level of the
rectifier bridge and/or of the battery to a level suited for the inverter bridge to control the motor,

whereby In this case the connection of the battery to the DC link is between the rectifier bridge
and the DC converter.

[0040] Alternatively, the backup battery could be connected to AC side of the rectifier bridge, If
the rectifier bridge 1s of the regenerating type Including semiconductor switches then the
pbattery could be connected to the AC side of the rectifier bridge as In this case the rectifier
bridge Is able to boost the voltage level from the battery level to a DC level sufficient for the
iInverter bridge to work. Of course, In this case the DC converter may be left away as no further
boost of the voltage level is necessary.

[0041] A preferred embodiment of a typical manual rescue sequence Is as follows, whereby In
this case the manual emergency drive iIs integrated in the motor drive:

1. 1) The motor drive has battery back-up power to keep electronics alive during blackout.

2.2) a building main supply blackout occurs and the motor drive Is left without power
stopping the elevator car between floors.

3. 3) The motor drive detects that main supply Is interrupted and opens a device which
prevents supply voltage from entering the drive intermediate device If building power Is
restored.

4. 4) The motor drive enters to deep a stand-by mode where a back-up battery energy
consumption is minimized.

5. 5) The service technician enters the site and turns a Manual Rescue Switch to switch the
elevator to manual drive mode.

6. 6) The motor drive detects that the manual drive mode has become active.

/. 7) The motor drive requests back-up batteries to be connected to drive intermediate
device using relays.

8. 8) The motor drive requests back-up voltage to be generated for brake controller and
motor bridge.

9.9) The drive's internal PFC, DC/DC, boost converter increases the intermediate device
capacitor voltage from 48 volts to 300 volts allowing motor converter to produce enough
voltage for driving the motor.

10. 10) Another DC/DC converter start supplying 200 volts to the brake drive/controller.

11. 11) A service technician activates safety voltage to drive which disables STO and SBC
safety functions which, until now, have prevented the motor drive from controlling motor
torque and opening elevator/machinery brakes.

12. 12) The motor drive begins to produce such a voltage to motor that does not cause
current and keeps speed controller disabled.

13. 13) The motor drive opens elevator brakes.

14. 14) The elevator speed begins to increase If there Is unbalance Iin the elevator car vs.
counterweight.
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1. a. The motor drive activates motor speed controller when elevator speed has
Increased above some limit speed, for example, 0.30 m/s. Drive produces such
current to motor that will cause motor to produce torque that will keep elevator
speed at 0.30 m/s.

2. b. If elevator speed does not increase, the motor drive increases the speed by
itself to 0.30 m/s If earlier parameter selections are enabling this kind of
behaviour.

15. 15) The elevator may stop at a next floor Iin driving direction if the manual operating
Interface detects a floor.

16. 16) The elevator stops automatically when the floor level is reached or when the service
technician stops pressing the push button (actuator).

17.17) After the service technician has switched Manual Rescue Switch to normal mode
which turns all previously activated DC/DC converters off and disconnects back-up
batteries from intermediate device. And then drive enters to deep stand-by mode again
to conserve battery power.

[0042] The above-mentioned embodiments of the elevator and the method of the invention
can be combined with each other arbitrarily. Also features from the elevator claims can be used
In the method claims and vice versa.

[0043] Further, when the elevator car I1s stopped after having reached a landing level it Is
iImportant to first disconnect the brake and afterwards the motor drive/drive control so that no
free-fall situation can be established, which Is per se known.

[0044] Following terms are used as a synonym: emergency drive - safety drive; actuator -
push button; AC elevator motor - three-phase AC elevator motor; manual drive device -
manual emergency drive device; manual rescue switch - mode select switch; manual operating
Interface - manual operating control; backup battery - battery;

[0045] The Invention Is described hereinafter via an example in connection with the appended
drawing. This shows a part of an elevator which is involved in a manual emergency drive of the
elevator after mains power off. The elevator 10 comprises a motor drive 12 driving an elevator
motor 14 and a brake drive 16, actuating two elevator brakes 18. The motor drive 12
comprises a frequency converter 20 with a rectifier bridge 22, an intermediate DC link 24 and
an inverter bridge 26 which is connected to the elevator motor 14. In the DC link 24 a DC
converter 25 Is located between the rectifier bridge 22 and the inverter bridge 26 to boost the
DC voltage to a level high enough for the inverter bridge 26 to work. On the high level side of
the DC converter 25 an optional smoothing capacitor 27 i1s connected to reduce any voltage
ripple In the DC link 24 at the input of the inverter bridge 26. At least the inverter bridge 26 of
the frequency converter 20 1s controlled by a drive control 28. The motor drive 12 further
comprises a mains relay 30 which can be activated via a manual drive control 32 of the manual
emergency drive which 1s connected to the drive control 28 or integrated with it. A tachometer
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34 sensing the rotational speed of the elevator motor 14 is connected to the drive control 28.
Furthermore, the drive control 28 Is connected with a control panel 36 of the elevator 10
comprising a display 38, an operating panel 40 as well as a manual operating interface 42
comprising an actuator 44 preferably embodied as a push button, a manual rescue switch 46
as well as floor level indicator 48 indicating when the elevator car has reached a floor level of
the elevator. The signals from the drive control 28 to the inverter bridge 26 are guided over a
pulse blocking device 50 which is triggered by a safety signal line 52 for example from a safety
device (safety module with safety chain) of the elevator 10. In normal operation, this signal line
52 I1s for example on +24 V level allowing the brake drive 16 and the drive control 28 to issue
their control commands to the respective components 18, 26. In case of power off of AC mains
54, this signal on the safety signal line 52 drops to O V whereafter the drive control 28 and the
brake drive 16 cannot issue any control pulses. In the safety signal line 52, an OR member 56
IS located which 1s connected to an output of the manual drive control 32. Furthermore, a
connecting relay 58 Is provided to connect a backup battery 60 via connection (or connection
ines) 23 to the DC link 24 of the frequency converter and thus also to the drive control 28 as
well as to the brake drive 16.

[0046] Alternatively, instead of the connecting lines 23 the backup battery 60 could be
connected to the frequency converter 20 via the AC side of the rectifier bridge 22, with the
dotted alternative connection lines 21. This Is possible If the rectified bridge 22 is of the
regenerating type, including AC side inductors. This kind of rectified bridge 22 is capable of
boosting the battery voltage to a higher DC link voltage sufficient for the inverter bridge 26 to
work. In this case a DC converter 25 1s necessarily needed in DC link 24.

[0047] The operation of an emergency drive Is as follows:

After power off of AC mains 54, the elevator 10 automatically sets the voltage on the safety
signal line 52 to zero disabling the issuing of control pulses of the drive control 28 and brake
drive 16. In this case, the operator opens a cover door of the elevator control panel 36 and
pushes the manual rescue switch 46 to manual drive mode. This activates mains relay 30 as to
separate the frequency converter 20 from AC mains 54.

[0048] Furthermore, the manual drive control 32 issues a 24 V signal to the OR member 56 so
that the pulse blocking device 50 and safety device in the brake drive 16 Is deactivated so that
the brake drive 16 and the drive control 28 can issue control signals to their respective
components. Now the actuator (manual drive push button) 44 Is pushed which leads to the
activation of the connecting relay 58 as to connect the backup battery 60 with the brake drive
16 as well as with the DC link 24 of the frequency converter 20 of the motor drive 12. First,
brake drive 16 supplied current to electromagnets of the brakes 18 to open the brakes. The
drive control 28 observes the motor speed via the tachometer 34 and the drive control 28
starts a feedback loop to regulate the motor speed to a manual drive reference value by
feeding a three-phase AC current to the elevator motor via the semiconductors of the inverter
bridge 26. This means that the elevator motor 14 is actively driven (active dynamic braking) by
the inverter bridge as to rotate with a given manual drive speed reference which is lower than
the nominal velocity of the elevator motor when driving the elevator car with nominal velocity.
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The manual drive speed reference for the elevator motor can for example be chosen so that
the speed of the elevator car does not exceed a value of for example 0.3 m/s. WWhen the car
reaches a floor level which is sensed by the motor drive via a floor level sensor 62, the floor
level indicator 48 Is activated and either the manual drive control 32 automatically stops the
elevator motor 14 for example by disabling the action of the actuator 44 or by overriding the
action of the actuator by an own switching mechanism with which the current supply from the
pbattery to the elevator brake Is interrupted and preferably also the current supply to the motor
drive Is Interrupted, for example by operating the connecting relay 58 as to separate the
backup battery 60. Another possibility is that the actuator is released manually by the operator
when he sees the floor level indicator lighting up so that the stopping of the elevator car is
done manually by the operator. In both cases, the elevator is driven to the next landing door
with a given manual drive reference velocity provided for an emergency drive which s lower
than the nominal velocity.

[0049] In some embodiments it I1s also possible that against the force conditions of the
Imbalance between car and counterweight, the car is operated Iin counter-direction to its
normal moving direction due to gravitational force. Thus, it is possible to drive the elevator car
to special landings which are intended for these emergency drives and for example to avoid
certain landings as for example the top level or the base level. This of course requires that
battery capacity is dimensioned adequately.

[0050] In the above embodiment, there I1s a separate manual rescue switch and a separate
actuator. Of course, there might only be the actuator so that the elevator automatically goes
INnto the manual emergency drive mode when the actuator is pressed. Furthermore, for the
bypassing of safety devices, a further push button may be located in the manual operating
Interface.

[0051] When after the emergency drive the elevator Is stopped and the battery iIs
disconnected, preferably also the bypassing of the safety devices is stopped so that the signal
on the safety signal line i1s O V again which disables the brake drive 16 and the drive control 28
from issuing any control signals to the respective components 26, 18.

[0052] The Invention Is not restricted to the above-mentioned embodiment but may be varied
within the scope of the appended patent claims.
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alternative connection of the battery to the AC side of the rectifier bridge of the
frequency converter, In case of a rectifier bridge of the regenerating type

rectifier bridge

connection of the battery to the DC link in one embodiment of the invention
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Patentkrav

1. Fremgangsmade til at udfgre en manuel kgrsel i en elevator efter

stromafbrydelse, hvilken elevator omfatter

10

15

20

25

30

- en AC-elevatormotor (14)

- et motordrev (12), der har en frekvensomformer (20), hvorved
frekvensomformeren (20) omfatter en ensretterbro (22) og en inverterbro
(26) med halvlederomskiftere, hvilken ensretterbro og inverterbro (26) er
forbundet via en DC-forbindelse (24), og hvorved motordrevet (12)
omfatter en drevstyring (28) mindst til at styre halvlederomskifterne af
inverterbroen (26) for at regulere hastigheden af elevatormotoren (14) til
en referencehastighed,

- mindst en elevatorbremse (18) placeret i forbindelse med
elevatormotoren (14) og/eller med en tovskive af motoren,

- mindst en elevatorvogn, der kgrer i en elevatorskakt,

- mindst to landingsetager forbundet med elevatorskakten,

- mindst en hastighedsfoler (34) til motorhastigheden og/eller
vognhastigheden,

- et manuelt ngddrev forbundet med drevstyringen (28) og omfattende en
manuel drevstyring (32), et backup batteri (60) og en manuel
betjeningsgraenseflade (42) med mindst en aktuator (44) samt en
etageniveauindikator (48), hvilken manuelle betjeningsgraenseflade (42) er

anbragt i et styrepanel (36) af elevatoren,

i hvilken fremgangsmade ved aktivering af aktuatoren (44) udfgres fglgende trin i
den fglgende raakkefglge:

a) frekvensomformeren (20) af motoren (14) adskilles (30) fra
stromnettet,

b) enhver sikkerhedsblokering af bremsedrevet (16) og motordrevet (12)
deaktiveres (56),

b1) bremserne abnes saledes, at vognen begynder at bevaege sig pa grund
af tyngdekraften, pa grund af ubalance i elevatorvognen,

b2) bevaegelsen af elevatorvognen bremses med elevatormotoren (14),
hvorved elevatordrevet regenereres, saledes at der ikke tages nogen strgm

fra batteri (60) til viklinger af elevatormotoren (14), men batteristrgm
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2

anvendes til at levere spaending til drevstyringen/den manuelle drevstyring
(28, 32) for at modulere inverterbroens (26) transistorer pa hgj- og
lavsiden

¢) strgm tilfgres fra batteriet (60) til bremsedrevet (16) for at abne
elevatorbremsen og strem tilfgres fra batteriet (60) til drevstyringen (28)
for at tillade regulering af motorhastigheden via inverterbroen (26),

d) den manuelle drevstyring (32) observerer motorhastigheden via
hastighedsfgleren (34) og starter en hastighedsfeedback-lgkke for at
regulere motorhastigheden til en manuel drevreferenceveaerdi ved at fgre en
trefaset vekselstrgm til motorviklingerne via halvlederne af inverterbroen
(26), hvis manuelle drevhastighedsreference er lavere end
hastighedsreferencen for normal elevatordrift,

e) nar vognen nar et etageniveau (62) aktiveres etageniveauindikatoren
(48), og

f) aktuatoren (44) friggres, hvorefter stramforsyningen fra batteriet (60) til
elevatorbremsen (18) afbrydes, og den tidligere deaktiverede
sikkerhedsblokering af bremsedrevet (16) og/eller motordrevet (12)
aktiveres (56) igen.

2. Fremgangsmade ifglge krav 1, hvor i trin e) strgmforsyningen fra batteriet (60)
til motordrevet (12) afbrydes efter at stramforsyningen fra batteriet til

elevatorbremsen (18) er afbrudt.

3. Fremgangsmade ifglge krav 1 eller 2, hvor i trin b) det mindst ene
sikkerhedssignal (52) af en hvilken som helst sikkerhedsindretning af elevatoren
(10) omgas eller aandres for at muligggre drift af inverterbroen (26) og af

elevatorbremsen, og i trin f) naevnte omgaelse stoppes.

4. Fremgangsmade ifglge krav 3, hvor sikkerhedsfunktionerne omgaes manuelt
via aktuatoren (44) eller via et andet betjeningselement placeret i den manuelle

betjeningsgraanseflade (42).

5. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor der ud
over aktuatoren (44) er tilvejebragt en tilstandsvaelgeromskifter (46), som fgrst
skal drejes for at indstille elevatoren (10) til en redningsoperationstilstand, der
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tillader trin a) til f).

6. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
aktuatoren (44) skal trykkes kontinuerligt for at tillade trin a) til f) eller c¢) til f) at

blive udfgrt, hvorved enhver frigivelse af aktuatoren (44) straks fgrer til trin f).

7. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor i trin a)
frekvensomformeren (20) i motordrevet (12) adskilles fra stremnettet med en
manuel hovedafbryder eller via et separat hovedrelae (30), der er installeret

mellem strgmnettet (54) og ensretterbroen (22) af frekvensomformeren (20).

8. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor den
manuelle drevreferenceveerdi i trin d) veelges til at holde vognens hastighed pa
maksimalt 0,3 m/s.

9. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor trin f)

udfgres automatisk nar trin e) finder sted.

10. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
styringsprincippet af hastighedsreguleringen i trin d) er en vektorstyring med

hastighedsregulering og motorstrgmsreguleringsslgijfer.

11. Elevator (10) designet til at udfgre fremgangsmaden til udfgrelse af en
manuel redningskgrsel efter stremafbrydelse ifglge et hvilket som helst af de
foregaende krav, hvilken elevator omfatter
- en AC-elevatormotor (14)
- et motordrev (12) til at regulere hastigheden af elevatormotoren (14)
med en frekvensomformer (20), hvor frekvensomformeren (20) af
motordrevet (12) omfatter en ensretterbro (22) og en inverterbro (26)
med halvlederomskiftere, hvilken ensretterbro (22) og inverterbro (26) er
forbundet via en DC-forbindelse (24), og hvorved motordrevet (12)
omfatter en drevstyring (28) mindst for at styre halvlederomskifterne af
inverterbroen (26) for at regulere elevatormotoren (14) til en

referencehastighed,
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- en elevatorbremse (18) placeret i forbindelse med elevatormotoren (14)
og/eller med en tovskive af motoren (14),

- mindst en elevatorvogn, der kgrer i en elevatorskakt,

- mindst to landingsetager forbundet med elevatorskakten,

- mindst en hastighedsfgler (34) til motorhastigheden og/eller
vognhastigheden,

- et manuelt ngddrev omfattende en manuel drevstyring (32), et backup
batteri (60) og en manuel betjeningsgraenseflade (42) med mindst en
aktuator (44) samt en etageniveauindikator (48), hvilken manuelle
betjeningsgraenseflade (42) er anbragt i et styrepanel (36) af elevatoren,

- en omskifter eller et relae (30) til at separere frekvensomformeren (20) af
motoren (14) fra stromnettet,

- den manuelle drevstyring (32) er forbundet til et forbindelsesrelae (58),
som er tilvejebragt til at forbinde batteriet (60) med bremsedrevet (16) og
med DC-forbindelsen (24) af frekvensomformeren (20) og med
drevstyringen (28) for at tillade regulering af motorhastigheden via
inverterbroen (26),

den manuelle drevstyring (32) er forbundet til et
sikkerhedsaktiveringskredslgb (56), der ggr det muligt for bremsedrevet
(16) og motordrevet (12) at afgive signaler under manuel drevdrift,

- hvilken drevstyring (28) er konfigureret under det manuelle drev til at
opna motorhastigheden via hastighedsfgleren (34), og nar motoren kgrer |
en regenererende tilstand til at bremse vognbevaegelsen for at starte en
hastighedsfeedback-lgkke for at regulere motorhastigheden til en manuel
drevreferenceveerdi ved at fgre en trefaset vekselstrgm til motorviklingerne
via halvlederne pa inverterbroen (26), hvilken manuelle
drevhastighedsreference er lavere end hastighedsreferencen for normal

elevatordrift.

12. Elevator ifglge krav 11, hvor den manuelle drevstyring (32) er konfigureret til
at afbryde (58) batteriet (60) fra elevatorbremsen (18) og/eller fra motordrevet

(12) og drevstyringen (28) nar etageniveauindikatoren (48) er aktiveret.

13. Elevator ifglge et af kravene 11 til 12, hvor aktuatoren (44) er en trykknap.



10

15

DK/EP 3403971 T3

5

14. Elevator ifglge et af kravene 11 til 13, hvor styringspanelet (36) er placeret |

en landingsdgrkarm.

15. Elevator ifglge et af kravene 11-14, hvor den manuelle drevstyring (32) er
konfigureret til at omga eller aandre et sikkerhedssignal (52) til bremsedrevet (16)

og drevstyringen (28).

16. Elevator ifglge et af kravene 11 til 15, hvor den manuelle
betjeningsgraenseflade (42) omfatter en tilstandsomskifter (46), som initierer den
manuelle ngdindretning til at omga sikkerhedssignaler (52)
sikkerhedsindretninger, som blokerer bremsedrevet (16) og/eller motordrevet

(12) fra at udsende styreimpulser.

17. Elevator ifglge et af kravene 11 til 16, hvor en DC-omformer (25) er
forbundet | DC-(26)-forbindelsen mellem forbindelsen af batteriet (60) til DC-
forbindelsen (24) og inverterbroen (26) eller forbindelsen (21) af batteriet (60) til
frekvensomformeren (20) er forbundet til vekselstromsiden af ensretterbroen (22)

og ensretterbroen (22) er af regenererende type.
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DRAWINGS
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