wo 2013/178873 A1 || I NN OO0 OO0 R AR

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization
International Bureau

(43) International Publication Date

5 December 2013 (05.12.2013)

—~
é

=

\

(10) International Publication Number

WO 2013/178873 Al

WIPOIPCT

(51) International Patent Classification:

B66B 5/02 (2006.01)

(21) International Application Number:

(22) International Filing Date:

20 May 2013 (20.05.2013)

(25) Filing Language:
(26) Publication Language:
(30) Priority Data:

PCT/FI2013/050542

Finnish

English

20125596 31 May 2012 (31.05.2012)

(71) Applicant: KONE CORPORATION [FI/FI]; Kartanontie

1, FI-00330 Helsinki (FI).

(72) Inventors: KATTAINEN, Ari; Tiilitehtaantie 9, FI-05830
Hyvinkdd (FI). RAASSINA, Pasi; Réanniméentie 68, FI-
04660 Numminen (FI). SAARIKOSKI, Tapio; Pikku-
lukontie 3 D 43, FI-05830 Hyvinkas (FI). STOLT, Lauri;
Haagan urheilutie 13 A 16, FI-00320 Helsinki (FI). NA-
KARI, Arto; Kynnéstie 6, FI-05810 Hyvinkad (FI). KAL-
LIONIEMI, Antti; Kaarretie 26, FI-05400 Jokela (FI).

(74) Agent: KONE CORPORATION/PATENT DEPART-

MENT; P.O. Box 677, FI-05801 Hyvinka4 (FI).

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

(84) Designated States (uniess otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on next page]

(54) Title: SAFETY ARRANGEMENT OF AN ELEVATOR

27
30 \—l
28

—
—_

13 > __
\ I
20 15 | 16 /
2A //3 //7

25 26 € 0«
7
2B

6 9

Fig. 1

(57) Abstract: The invention relates to a safety arrangement
of an elevator, which comprises sensors (27, 28) configured
to indicate functions that are critical from the viewpoint of
the safety of the elevator, and also a safety circuit (20, 34),
with which the data formed by the aforementioned sensors
(27, 28) indicating the safety of the elevator is read. The
safety arrangement comprises a drive device (1) for driving
the hoisting machine of the elevator. The drive device (1)
comprises a DC bus (2 A, 2B), and also a motor bridge (3)
connected to the DC bus for the electricity supply of the elev-
ator motor (6). The motor bridge (3) comprises high- side
(4A) and low-side (4B) switches for supplying electric power
from the DC bus (2A, 2B) to the elevator motor (6) when
driving with the elevator motor (6). and also from the elevator
motor (6) to the DC bus (2A, 2B) when braking with the el-
evator motor (6). The drive device also comprises a control
circuit (5) of the motor bridge, with which control circuit the
operation of the motor bridge (3) is controlled by producing
control pulses in the control poles of the high-side (4A) and
low-side (4B) switches of the motor bridge, an input circuit
(12) for a safety signal (13), which safety signal ( 13) can be
disconnected/connected from outside the drive device (1),
and also drive prevention logic (15), which is connected to
the input circuit (12) and is configured to prevent the passage
of control pulses to the control poles of the high- side (4 A)
and/or low-side (4B) switches of the motor bridge when the
safety signal ( 13) is disconnected. The signal conductor of
the safety signal (13) is wired from the safety signal (20, 34)
to the drive device (1), and the safety circuit (20, 34) com-
prises means (14) for disconnecting/connecting the safety sig-

nal (13). The safety circuit (20, 34) is arranged to bring the elevator into a state preventing a run by disconnecting the safety signal
( 13), and the safety circuit (20, 34) is arranged to remove the state preventing a run by connecting the safety signal (13).
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Safety arrangement of an elevator

Field of the invention

The invention relates to the safety arrangements of an elevator.

Background of the invention

In an elevator system, there must be a safety system according to safety
regulations, by the aid of which safety system the operation of the elevator system
can be stopped e.g. as a consequence of a defect or of an operating error. The
aforementioned safety system comprises a safety circuit, which comprises safety
switches in series, which switches measure the safety of the system. Opening of a
safety switch indicates that the safety of the elevator system has been jeopardized.
In thi"s‘ Casebéﬁérhati()ﬁ' of the elevator system is interrupted and the elevator system
is brought into a-safe state by disconnecting with contactors the power supply
from the electricity network to the elevator motor. In addition, the machinery
brakes are activétéd by disconnecting with a contactor the current supply to the

~electromagnet of a machinery brake. BTN

Contactors, bas ‘mechanical components, are unreliable beééﬁ'se t}iéy orﬂy
withstand a certain number of current disconnections. The contécts of a contactor
mlght also weld closed if they are overloaded, in which case the ablhty of the
contactor to dlsconnect the current ceases. A failure of a contactor rrught

f ~

consequently result in impaired safety in the elevator system.

As components, contactors are of large size, for which reason devices containing
contactors also become large. On the other hand, it is a general aim to utilize built
space as:efficiently as possible, in which case the disposal of large-sized elevator

components containing contactors may cause problems.

Consequently-there would be a need to find a solution for redUcin'g:’the number:of
contactors in an elevator system without impairing the safety of the elevator

system..
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Aim of the invention

The aim of the invention is to resolve one or more of the drawbacks disclosed
above. One aim of the invention is to disclose a safety arrangement of an
elevator, which safety arrangement comprises a drive device of an elevator,
which drive device is implemented without contactors. One aim of the invention
is to disclose a safety arrangement of an elevator, which safety arrangement
comprises a drive device of an elevator, the connection of which as a part of the
safety arrangement of the elevator is implemented with just solid-state

components.

To achieve this aim the invention discloses a safety arrangement of an elevator
according to claim 1 and also a safety arrangement of an elevator according to
claim 3. The preferred embodiments of the invention are described in the
dependent claims. Some inventive embodiments and inventive combinations of
the various embodiments are also presented in the descriptive section and in the

drawings of the present application.

Summary of the invention

The safety arrangement of an elevator according to a first aspect of the invention
comprises sensors configured to indicate functions that are critical from the
viewpoint of the ‘safety of the elevator, an electronic supervision unit, which
comprises an input for the data formed by the aforementioned sensors indicating
the safety of the elevator, and also a drive device for driving the hoisting machine
of the elevator. The drive device comprises a DC bus and also a motor bridge
connected to the DC bus for the electricity supply of the elevator motor. The
motor bridge comprises high-side and low-side switches for supplying electric
power from the DC bus to the elevator motor when driving with the elevator
motor, and also from the elevator motor to the DC bus when braking with the
elevator motor. The drive device also comprises a control circuit of the motor
bridge, with which control circuit the operation of the motor bridge is controlled

by producing control pulses in the control poles of the high-side and low-side
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switches of the motor bridge, an input circuit for a safety signal, which safety
signal can be disconnected/connected from outside the drive device and also
drive prevention logic, which is connected to the input circuit and is configured to
prevent the passage of control pulses to the control poles of the high-side and/or
low-side switches of the motor bridge when the safety signal is disconnected. The
signal conductor of the safety signal is wired from the electronic supervision unit
to the drive device, and the electronic supervision unit comprises means. for
disconnecting/connecting the safety signal. The electronic supervision unit is
arranged to bring the elevator into a state preventing a run by disconnecting the
safety signal and also to remove the state preventing a run by connecting the

~ safety signal.

The drive device according to the invention most preferably comprises a brake
controller, which comprises a switch for supplying electric power to the control
coil of an electromagnetic brake, a brake control circuit, with which the operatioh
of the brake controller is controlled by producing control pulses in the control
pole of the switch of the brake controller; and also brake drop-out logic, which is
connected to the input circuit and is configured to prevent passage of the control
pulses to the control pole of the switch of the brake controller w.hen the safety

signal is disconnected.

Consequently the invention enableé an elevator to be brought into a safe state by
disconnecting the safety signal with an electronic supervision unit, in which case
when the safety signal is disconnected the power supply from the DC bus to the
elevator motor ceases and the machinery brakes activate to brake the movement
of the tractioh sheave of the hoisting machine of the elevator. A DC bus refers
here to a DC voltage power bus, ie. a part of the main‘ circuit
conducting/transmitting electric power, such as the busbars .of the DC

intermediate circuit of a frequency converter.

In a preferred embodiment of the invention the drive device comprises indicator

logic for forming a signal permitting startup of a run. The indicator logic is
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configured to activate the signal permitting startup of a run when both the drive
prevention logic and the brake drop-out logic are in a state preventing the passage
of control pulses, and the indicator logic is configured to disconnect the signal
permitting startup of a run if at least either one of the drive prevention logic and
the brake drop-out logic is in a state permitting the passage of control pulses. The
drive device comprises an output for indicating the signal permitting startup of a

run to a supervision logic external to the drive device.

In a preferred embodiment of the invention the signal permitting startup of a run
is conducted from the drive device to the electronic supervision unit, and the
electronic supervision unit is configured to read the status of the signal permitting
stanﬁp of a run when the safety signal is disconnected. The electronic supervision
unit is arranged to prevent a run with the elevator, if the signal pefmjtting startup
of a run does not activate when the safety signal is disconnected. In this case the
electronic supervision unit can monitor the operating condition of the drive
prevention logic as well as of the brake drop-out logic on the basis of‘the signal
permitting startup of a run. The electronic supervision unit can e.g. deduce that at
least one or other of the drive prevention logic and brake drop-out logic is

defective if the signal permitting startup of a run does not activate.

In one preferred embodiment of the invention a data transfer bus is formed
between the electronic supervision unit and the drive device. The drive device
comprises an input for the measuring data of the sensor measuring thé state of
motion of the elevator, and the electronic supervision unit is arranged to receive
measuring data from the sensor measuring the state of motion of the elevator via
the data transfer bus between the electronic supervision unit and the drive device.
Consequently, the electronic supervision unit quickly detects a failuré of the
sensor measuring the state of motion of the elevator or of the measuring
electronics, in which case the elevator system can be transferred with the control
of the electronic supervision unit into a safe state as quickly as possible. The
electronic supervision unit can also in this case monitor the operation of the drive

device without separate monitoring means e.g. during emergency braking, in
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which case emergency braking can be performed subject to the supervision of the
electronic supervision unit at a controlled deceleration with motor braking, which
reduces the forces cxerted on clevator passengers during an emergency stop.
Namely, forces during an emergency stop that are too large might cause an
elevator passenger unpleasant sensations or even result in a situation of real

danger.

The safety arrangement of an elevator according to a second aspect of the
invention comprises a safety circuit, which comprises mechanical safety switches
fitted in series with each other, which safety switches are configured to indicate
functions that are critical from the viewpoint of the safety of the elevator. The
safety arrangement also comprises a drive device for driving the hoisting fnachine
of the elevator, which drive device comprises a DC bus and also a motor bridge
connected to the DC bus for the electricity supply of the elevator motor. The
motor bridge comprises high-side and low-side switches for supplying electric
power from the DC bus to the elevator motor when driving with the elevator
motor, and also from the elevator motor to the DC bus when braking with the
elevator motor. The drive device also comprises a control circuit of the motor
bridge, with which control circuit the operation of the motor bridge is controlled
by producing control pulses in the control poles of the high-side and low-side
switches of the motor bridge, an input circuit for a safety signal, which safety
signal can be disconnected/connected from outside the drive device, and also
drive prevention logic,' which is connected to the input circuit and is configured to
prevent the passage of control pulses to the control poles of the high-side and/or
" low-side switches of the motor bridge when the safety signal is disconnected. The
signal conductor of the safety signal is wired from the safety circuit to the drive
device, and the safety circuit comprises means for disconnecting/connecting the
safety signal. The safety signal is configured to be disconnected by opening a
safety switch in the safety circuit. Consequently. the invention enables the drive

device according to the invention to be connected as a part of an elevator safety
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arrangement that has a safety circuit by connecting the drive device via the safety

signal to the safety circuit.

By means of the invention the power supply from the DC bus via the motor
bridge to the elevator motor can be disconnected without mechanical contactors,
by preventing the passage of control pulses to the control poles of the high-side
and/or low-side switches with the drive prevention logic according to the
invention. Likewise the power supply to the control coil of each electromagnetic
brake can be disconnected without mechanical contactors, by preventing the
passage of control pulses to the control pole of the switch of the brake controller
with the brake drop-out logic according to the invention. The switch of the brake
controller, as also the High-side and low-side switches of the motor bridge, are
most preferably solid-state switches, such as IGBT transistors, MOSFET

transistors or bipolar transistors.

In a preferred embodiment of the invention the aforementioned brake controller is
connected to the DC bus, and the aforementioned switch is configured to supply
electric power from the DC bus to the control coil of an electromagnetic brake.
Consequently, also the energy returning to the DC bus in connection with braking
of the elevator motor can be utilized in the brake control, which improves the
efficiency ratio of the drive device of an elevator. In addition, the main circuit of
the drive device of an elevator is simplified when a separate electricity supply for

the brake controller does not need to be arranged in the drive device.

The invention enables the integration of the power supply device for the elevator
motor and of the brake controller into the same drive device, preferably into the
frequency cbnveﬂer of the hoisting machine of the elevator. This is of paramount
important because the combination of the power supply device for the elevator
motor and of the brake controller ts indispensable from the viewpoint of the safe
operation of the hoisting machine of the elevator and. conseqhently, from ithev
viewpoint of the safe operation of the whole elevator. The drive device according

to the invention can also be connected as a part of the safety arrangement of an
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elevator via a safety signal, in which case the safety arrangement of the elevafor 1s
simplified and it can be implemented easily in many different ways. Additionally,
‘the combination of the safety signal, drive prevention logic and brake drop-out
logic combination according to the invention enables the drive device to be
implemented completely without mechanical contactors, using only solid-state
components. Most preferably the input circuit of the safety signal, the drive
prevention logic and the brake drop-out logic are implemented only with discrete
solid-state components, i.e. without integrated circuits. In this case analysis of the
effect of different fault situations as well as of e.g. EMC interference connecting
to the input circuit of the safety signal from outside the drive device is facilitated,
which also facilitates connecting the drive device to different elevator safety

arrangements.

Consequently, the safety arrangement according to the invention simplifies the
structure of the drive device, reduces the size of the drive device and increases
reliability. Additionally, when eliminating contactors also the disturb'i.ng noise
produced by the operation of contactors is removed. Simplification of the drive
device and reduction of the size of the drive device enable the disposal of a drfve
device in the same location in the elevator system as the hoisting machine of the
elevator. Since high-power electric current flows in the current conductors
between the drive device and the hoisting machine of the elevator, disposing the
~drive device in the same location as the hoisting machine of the elevator enables
shortening, or even eliminating, the current conductors, in which case also the
EMC interference produced by operation of the drive device and of the hoisting

machine of the elevator decreases.

In a preferred embodiment of the invention the drive preventior{ logi‘c is
configured to allow passage of the control pulses to the control poles of the high-
side and low-side switches of the motor bridge when the. shfety signal.is
connected, and the brake drop-out logic is configured to allow passage of the
control pulses to the control pole of the switch of the brake controller when thé

safety signal is connected. Consequently. a run with the elevator can be enabled
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just by connecting the safety signal. in which case the safety arrangement of the

elevator is simplified.

In a preferred embodiment of the invention the electricity supply to the drive
prevention logic is arranged via the signal path of the safety signal and the signal
path of the control pulses from the control circuit of the motor bridge to the drive

prevention logic is arranged via an isolator.

In a preferred embodiment of the invention the electricity supply to the brake
drop-out logic is arranged via the signal path of the safety signal, and-the signal
path of the control pulses from the brake control circuit to the brake drop-out

logic is arranged via an isolator.

By arranging the electricity supply to the drive prevention logic/brake drop-out
logic via the signal path of the safety signal, it can be ensured that the electricity
supply to the drive prevention logic/brake drop-out logic disconnects, and that the
passage of control pulses to selected control poles of the switches of the motor
bridge and of the brake controller consequently ceases, when the safety signal is
disconnected. In this case by disconnecting the safety signal, the power supply to
the electric motor as well as to the control coil of the electroin'z;gnetic. lla;ake can

be disconnected in a fail-safe manner without separate mechanical contactors.

In this context an isolator means a component that disconnects the passage of an
electric charge along a signal path. In an isolator the signal is consequently
transmitted e.g. as electrdmagnet radiation (opto-isolator) or via a magnetic field
or electrical field (digital isolator). With the use of an isolator, the passage of
charge carriers from the control circuit of the motor bridge to the drive prévention
logic as well as from the brake control circuit to the brake drop-out logic 18
prevented e.g. when the control circuit of the motor bridge/brake control circuit

fails into a short-circuit.

In the most preferred cmbodiment of the invention the drive prevention logic

comprises a bipolar or multipolar signal switch, via which the control pulses
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travel to the control pole of a switch of the motor bridge. and at least one pole of
the signal switch is connected to the input circuit (i.e. to the signal path of the
safety signal) in such a way that the signal path of the control pulses through the

signal switch breaks when the safety signal is disconnected.

In one preferred embodiment of the invention the aforementioned signal switch of
the drive prevention logic/brake drop-out logic is a transistor. via the control pole
(gate) of which control pulses travel to the photodiode of the opto-isolator of the
controller of an IGBT transistor. In this case the signal path of the control pulse to
the gate of the transistor is configured to tra\;el via a metal film resistor (MELF
resistor). The aforementioned transistor can be e.g. a bipolai' transistor or a

MOSFET transistor.

In a preferred embodiment of the invention the aforementioned signal switch is
fitted in connection with the control pole of each high-side switch of the motor
bridge and/or in connection with the control pole of each low-side switch of the

motor bridge.

:

In a preferred embodiment of the invention the aforementioned electricity supply
occurring via the safety signal is configured to be disconnected by disconnecting

the safety signal.

In one preferred embodiment of the invention the drive device comprises a

rectifier connected between the AC electricity source and the DC bus.

In a preferred embodiment of the invention the drive device is implemented fully

without mechanical contactors.

In one preferred embodiment of the invention the safety arrangement comprises
an emergency drive device, which is connected to the DC bus of the drive device.
The emergencyj dri?e device comprises a secondary power sdurce. via which -
electrié power can be supplied to the DC bus during a malfunction of the primafy

power source of the elevator system. Both the emergency drive device and the
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drive device are implemented fully without mechanical contactors. In the safety
arrangement according to the invention the structure and placement of the drive
prevention logic and of the brake drop-out logic also enable the power supply
occurring from a secondary power source via the DC bus to the elevator motor
and to an electromagnetic brake to be disconnected without a mechanical

contactor.

The aforementioned secondary power source can be e.g. a generator, fuel cell,
accumulator, supercapacitor or flywheel. If the secondary power source is
rechargeable (e.g. an accumulator, supercapacitor, flywheel, some types of fuel
cell), the electric power returning to the DC bus via the motor bridge during
braking of the elevator motor can be charged into the secondary power source, in

which case the efficiency ratio of the elevator system improves.

In one preferred embodiment of the invention the drive prevention logic is
configured to prevent the passage of control pulses to the control poles of only
the high-side switches. or alternatively to the control poles of only the low-side
switches, of the motor bridge when the safety signal is disconnected. In the same
context, dynamic braking of the elevator motor is impleme‘nted without any
mechanical contactors, using a bridge section controlling the motor bridge in the
manner described in international patent application number WO 2008031915
Al, in which case dynamic braking from the elevator motor to the DC bus is
possible even though the safety signal is disconnected and the powér supply from
the DC bus towards the elevator motor is consequently prevented. The energy
‘returning in dynamic braking can also be charged into the secondary power
source of the emergency drive device, which improves the efficiency ratio of the

elevator system.

In the most preferred embodiment of the invention both the drive prevention logic
and the brake drop-out logic are implemented in the drive device of the elevator
using solid-state components only. In a preferred embodiment of the iriventic_m_

the indicator logic is implemented in the drive device of the elevator using solid-
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state components only. The use of solid-state components instead of mechanical
components such as relays and contactors is preferred owing to; inter alia, their
better reliability and quieter operating noise. As the number of contactors
decreases, also the wiring of the safety system of the elevator becomes simpler

because connecting contactors usually requires separate cabling.

In some embodiments of the invention. the drive device and the safety
arrangement of an elevator can be implemented without indicator logic, because
with the brake drop-out logic and the drive prevention logic designed according
to the invention, in themselves, an extremely high Safety Integrity Level can be
achieved, even Safety Integrity Level SIL 3 according to standard EN [EC 61508_7
in which case separate measuring feedback (a signal permitting the starting of a
mh) about the operation of the drive prevention logic and of ihe brake drop-out

logic is not necessarily needed.

According to the invention the safety signal 1is disconnected by
disconnecting/preventing the passage of the safety signal to the input circuit with
means to be arranged outside the drive device, and the safety signal is connected
by allowing the passage of the safety signal to the input circuit with means to be

arranged outside the drive device.

In one preferred embodiment of the invention the safety signal is divided into two
separate safety signals, which can be disconnected/connected independently of
each other, and the drive device comprises two input circuits, one each for both
safety signals. The first of the input circuits is in this case connected to the drive
prevention logic in such a way that the passage of control pulses to the control
poles of the high-side switches and/or low-side switches of the motor bridge is
prevented when the first of the aforementioned safety signals is disconnected, and
the second of the input circuits is connected to the brake drop-out légic in such a
way that the passage of control pulses to the control pole of the switch of the
brake controller is prevented when the second of the aforementioned safety

signals is disconnected. In this case the electronic supervision unit can comprise
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means for disconnecting the aforementioned safety signals independently of each
other, in which case activation of the brake and disconnection of the power
supply of the electric motor can be performed as two separate procedures, even at

two different momeants in time.

In the most preferred embodiment of the invention the safety signal is connected
when a direct-voltage signal travels via the contact of the safety relay that is in the
electronic supervision unit to the input circuit that is in the drive device, and the
safety signal is disconnected when the passage of the direct-voltage signal to the
drive device is disconnected by controlling the aforementioned contact of the
| safety relay open. Consequently, also detachment or cutting of the conductor of
the safety signal results in disconnection of the safety signal, preventing the
operation of the elevator system in a fail-safe manner. Also a transistor can be
used in the electronic supervision unit instead of a safety relay for disconnecting
the safety signal, preferably two or more transistors connected in series with each
other, in which case a short-circuit of one transistor still does not. prevent
disconnection of the safety signal. An advantage in using. a transistor is that with
transistors the safety signal can, if necessary, be disconnected for-a very short
time, e.g. for a period of approx. 1 millisecond, in which case a short break can
be filtered out of the safety signal in the input circuit of the drive device without
it having an effect on the operation of the safety logic of the drive device.
Consequently, the breaking capacity of the transistors can be monitored regularly,
“and even during a run with the elevator, by producing in the electronic
supervision unit short breaks in the safety signal and by measuring the breaking

capacity of the transistors in connection with a disconnection of the safety signal.

The preceding summary, as well as the additional features and additional
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.
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Brief explanation of the figures

- Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig'. 6

Fig. 7

Fig. 8

presents as a block diagram one safety arrangement of an elevator

“according to the invention.

presents a circuit diagram of the motor bridge and the drive

prevention logic.

presents a circuit diagram of the brake controller and the brake

drop-out logic.

presents an alternative circuit diagram of the brake controller and

the brake drop-out logic.

presents another alternative circuit diagram of the brake controller

and the brake drop-out logic.

presents the circuit of the safety signal in the safety arrangement of

an elevator according to Fig. 1.

presents as a block diagram the fitting of an emergency drive device

to the safety arrangement of an elevator according to Fig. 1.

presents as a circuit diagram the fitting of a drive device according

- to the invention into connection with the safety circuit of an

clevator.

More detailed descripjion of preferred embodiments of the invention

Fig. 1 presents as a block diagram a safety arrangement in an elevator system, in

which an elevator car (not in figure) is driven in an elevator hoistway (not in

figure) with the hoisting machine of the elevator via rope friction or belt friction.

The speed of the elevator car is adjusted to be according to the target value for thé

speed of the elevator car, i.e. the speed reference, calculated by the elevator

control unit 35. The speed reference is formed in such a way that the elevator car
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can transfer passengers from one floor to another on the basis of elevator calls

given by elevator passengers.

The elevator car is connected to the counterweight with ropes or with a belt
traveling via the traction sheave of the hoisting machine. Various roping solutions
known in the art can be used in an elevator system, and they are not presented in
more detail in this context. The hoisting machine also comprises an elevator
motor, which is an eleptric motor 6, with which the elevator car is driven by
rotating the traction sheave, as well as two electromagnet brakes 9, with which
the traction sheave is braked and held in its position. The hoisting machine is
driven by supplying electric power with the frequency convertér 1 from the
electricity network 25 to the electric motor 6. The frequency‘ converter 1
comprises a rectifier 26, with which the voltage of the AC network 25 is rectified
for the DC intermediate circuit 2A, 2B of the frequency converter. The DC
voltage of the DC intermediate circuit 2A, 2B is further converted by the motor
bridge 3 into the variable-amplitude and variable-frequency supply voltage of the
electric motor 6. The circuit diagram of the motor bridge 3 is presented in Fig. 2.
The motor bridge comprises high-side 4A and low-side 4B IGBT transistors,
which are connected by producing with the control circuit 5 of the motor bridge
- short, preferably PWM (pulse-width modulation) modulated, pulses in t.he gates
of the IGBT transistors. The control circuit 5 of the motor bridge can be
implemented with e.g. a DSP processor. The IGBT transistors 4A of the High side
are connected to the high voltage busbar 2A of the DC interrﬁediate circuit and
the IGBT transistors 4B of the low side are connected to the low voltage busbar
2B of the DC intermediate circuit. By connecting alternately the IGBT transistors
of the high-side 4A and of the low-side 4B, a PWM modulated pulse pattern
forms from the DC voltages of the high voltage busbar 2A and of the low voltage
busbar 2B in the outputs R, S, T of the motor, the frequency of the pulses of
~ which pulse pattern is essentially greater than the frequency of the fundamental

frequency of the voltage. The amplitude and frequency of the fundamental
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frequency of the output voltages R, S, T of the motor can in this case be changed

steplessly by adjusting the modulation index of the PWM modulation.

The control circuit 5 of the motor bridge also comprises a speed regulator, by
means of which the speed of rotation of the rotor of the electric motor 6, and
simultaneously the speed of the elevator car, are adjusted towards the speed
reference calculated by the elevator control unit 35. The frequency converter 1
comprises an input for the measuring signal of a pulse encoder 27, with which
signal the speed of rotation of the rotor of the electric motor 6 is measured for

adjusting the speed.

During motor braking electric power also returns from the electric motor 6 via the
motor bridge 3 back to the DC intermediate circuit 2A, 2B, from where it can be
supplied onwards back to the electricity network 25 with a rectifier 26. On the
other hand, the solution according to the invention can also be i_mpleménted with
a rectifier 26, which is not of a type braking to the network, such as e.g. with a
diode bridge. In this case during motor braking the power returning to the DC
intermediate circuit can be converted into e.g. heat in a power resistor or it can be
supplied to a separate temporary storage for electric power, such as to an
accumulator or capacitor. During motor braking the force effect of the electric
motor 6 is in the opposite direction with respect to the direction of movement of
the elevator car. Consequently, motor braking occurs e.g. when driving an empty
elevator car upwards, in which case the elevator car is braked with the electric

motor 6, so that the counterweight pulls upwards with its gravitational force.

The electromagnetic brake 9 of the hoisting machine of an elevator comprises a
frame part fixed to the frame of the hoisting machine and also an armature part
movably supported on the frame part. The brake 9 comprisés thruster spﬁngs,
which resting on the frame part activate the brake by pressing the armature part to
engage with the braking surface on the shaft of the rotor of the hoisting machine
or e.g. on the traction sheave to brake the movement of the traction sheave. The

frame part of the brake 9 comprises an electromagnet, which exerts a force of
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attraction between the frame part and the armature part. The brake is opened by
supplying current to the control coil of the brake, in which case the force of
attraction of the electromagnet pulls the armature part off the braking surface and
the braking force effect ceases. Correspondingly, the brake is activated by
. dropping out the brake by disconnecting the current supply to the control coil of

the brake.

A brake controller 7 is integrated into the frequency converter 1, by the aid of
which brake controller both the electromagnetic brakes 9 of the hoisting machine
are controlled by supplying current separately to the control coil 10 of both
electromagnetic brakes 9. The brake controller 7 is connected to the DC
intermediate circuit 2A, 2B, and the current supply to the control coils of the
electromagnetic brakes 9 occurs from the DC intermediate circuit 2A, 2B. The
circuit diagram of the brake controller 7 is presented in more detaivl in Fig. 3. For
the sake of clarity Fig. 3 presents a circuit diagram in respect of theielectricity
supply of only the one brake, because the circuit diagrams are similar for both
brakes. Consequently the brake controller 7 comprises a separate transformer 36
for- both brakes, with the primary circuit of which transformer two IGBT
transistors 8A, 8B are connected in series in such a way that the primary circuit of
the transformer 36 can be connected between the busbars 2A, 2B of the DC
intermediate circuit by connecting the IGBT transistors 8A, 8B. The IGBT
transistors are connected by producing with the brake control circuit 11 short,
preferably PWM modulated, pulses in the gates of the IGBT transistors 8A, 8B.
The brake control circuit 11 can be implemented with e.g. a DSP processqr, and it
can also connect to the same processor as the control circuit 5 of the motor
bridge. The secondary circuit of the transformer 36 comprises a rectifier 37,.by
the aid of which the voltage induced when connecting the primary circuit to the
secondary circuit is rectified and supplied to the control coil 10 of the
electromagnetic brake., which control coil 10 is thus connected to the secondary
side of the rectifier 36. In addition, a current damping circuit 38 is connected in

parallel with the control coil 10 on -the secondary side of the transformer, which
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current damping circuit comprises one or more components (e.g. a resistor,
capacitor, varistor, et cetera), which receive(s) the energy stored in the inductance
of the control coil of the brake in connection with disconnection of the current of
the control coil 10, and consequently accelerate(s) disconnection of the current of
the control coil 10 and activation of the brake 9. Accelerated disconnection of the
current occurs by opening the MOSFET transistor 39 in the secondary circuit of
the brake controller, in which case the current of the coil 10 of the brake
commutates to travel via the current damping circuit 38. The braké controller to
be implemented with the transformer described here is particularly fail-safe,
. especially from the viewpoint of earth faults, because the power supply from the
DC intermediate circuit 2A, 2B to both current conductors of the control coil 10
of the brake disconnects when the modulation of the IGBT transistors 8A, 8B on

the primary side of the transformer 36 ceases.

The safety arrangement of an elevafor according to Fig. 1 comprises mechanical
normally-closed safety switches 28, which are configured to supérvise the
position/locking of entrances to the elevator hoistway as well as e.g. the operation
of the overspeed governor of the elevator car. The safety switches of the
entrances of the elevator hoistway are connected to each other in series. Opening
of a safety switch 28 consequently indicates an event affecting the safety of fhe
elevator system., such as the opening of an entrance to the elevator hoistway, the
arrival of the elevator car at an extreme limit switch for permitted movement,

. activation of the overspeed governor, et cetera.

The safety arrangement of the elevator comprises an electronic supervision unit
20, which is a special microprocessor-controlled safety device 'fulf’illing'the EN
IEC 61508 safety regulations and designed to comply with SIL 3 séfety.intégﬁty
level. The safety switches 28 are wired to the electronic s'upervis.ién unit 20. The
electronic supervision unit 20 is also connected with a communic.a.tions bus 30 to
the frequency converter 1. to the elevator control unit 35 and to the control unit .of'
the elevator caf, and the electronic supervision unit 20 monitors the safety of the

elevator system on the basis of data it receives from the safety switches 28 and
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from the communications bus. The electronic supervision unit 20 forms a safety
signal 13, on the basis of which a run with the elevator can be allowed or. on the
other hand, prevented by disconnecting the power supply of the elevator motor 6
and by activating the machinery brakes 9 to brake the movement of the traction
sheave of the hoisting machine. Consequently, the electronic supervision unit 20
prevents a run with the elevator e.g. when detecting that an entrance to the
elevator hoistway has opened, when detecting that an elevator car has arrived at
the extreme limit switch for permitted movement, and when detecting that the
overspeed governor has activated. In addition, the electronic supervision unit
receives the measuring data of a pulse encoder 27 from the frequency converter 1
via the communications bus 30. and monitors the movement of the elevator car in
connection with, inter alia, an emergency stop on the basis of the measuring data

of the pulse encoder 27 it receives from the frequency converter 1.

The frequency converter 1 is provided with a special safety logié 15, 16 to be
connected to the signal path of the safety signal 13, by means of which safety
logic disconnection of the power supply of the elevator motor 6 as well as
activation of the machinery brakes can be performed withouf mechaﬁical
contactors, using just solid-state components, which improve the Saféty and
reliability of the elevator system compared to a solution implemented with
mechanical contactors. The safety logic is formed from the drive pfevention logic
15, the circuit diagram of which is presented in Fig. 2, and also from the brake
drop-out logic 16, the circuit diagram of which is presented in Fig. 3. In addition,
the frequency converter 1 comprises indicator logic 17, which forms data about
the operating state of the drive prevention logic 15 and of the brake drop-out
logic 16 for the electronic supervision unit 20. Fig. 6 presents how the safety
functions of the aforementioned electronic supervision unit 20 and of the

frequency converter 1 are connected together into a safety circuit of the elevator. -

According to Fig. 2, the drive preveation logic 15 is fitted to t_hé signal path
between the control circuit 5 of the motor bridge and the control gate of each

high-side IGBT transistor 4A. The drive prevention logic 15vco'n‘1privses'a PNP
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transistor 23, the emitter of which is connected to the input circuit 12 of the safety
signal 13 in such a way that the electricity supply to the drive prevention logic 15
occurs from the DC voltage source 40 via the safety signal 13. The safety signal
13 travels via a contact of the safety relay 14 of the electronic supervision unit 20,
in which case the electricity supply from the DC voltage source 40 to the emitter
of the PNP transistor 23 disconnects, when the contact 14 of the safety relay of
the electronic supervision unit 20 opens. Although Figs. 2 and 3 present only one
contact 14 of the safety relay. in practice the electronic supervision unit 20
comprises two safety relays/contacts 14 of the safety relay connected in series
with each other. with which it is thus endeavored to ensure the reliability of
disconnection. When the contacts 14 of the safety relay open, the signal path of
the control pulses from the control circuit 5 of the motor bridge to the control
gates of the high-side IGBT transistors 4A of the motor bridge is disconnected at
the same time, in which case the high-side IGBT transistors 4A open and the
power supply from the DC intermediate circuit 2A, 2B to the phases R, S, T of
the electric motor ceases. The circuit diagram of the drive prevention logic 15 in
Fig. 2 for the sake of simplicity is presented only in respect of the R phase
because the circuit diagrams of the drive prevention logic 15 are similar also in

connection with the S and T phases.

The power supply to the electric motor 6 is prevented as long as the s#féty signal
13 is disconnected, i.e. the contact of the saféty relay 14 is open‘.‘ The electronic
supervision unit 20 connects. the safety signal 13 by controlling the contact of the
safety relay 14 closed, in which case DC voltage is connected from the DC
voltage source 40 to the emitter of the PNP transistor 23. In this case the control
pulses are able to travel from the control circuit 5 of the motor bridge via the
collector of the PNP transistor 23 and onwards to the control gatés of the high-
side IGBT transistors 4A, which enables a run with the motor. Since a failure of
the PNP transistor 23 nﬁght otherwise cause the control pulsés to travel to the
high-side IGBT transistors 4A although the voltage supply to the emitter of the

PNP transistor has in fact been cut (the safety signal has been disconnected), the



WO 2013/178873 PCT/FI12013/050542

20

signal path of the control pulses from the control circuit 5 of the motor bridge to

the drive prevention logic 15 is also arranged to travel via an opto-isolator 21.

According to Fig. 2, the circuit of the PNP transistor 23 also tolerates well EMC
interference connecting to the signal conductors of the safety signal 13 traveling
outside the frequency converter, preventing its access to the drive prevention

logic 15.

According to Fig. 3 the brake drop-out logic 16 is fitted to' the signal path
between the brake control circuit 11 and the control gates of the IGBT transistors
8A, 8B of the brake controller 7. Also the brake drop-out logic 16 comprises a
.PNP transistor 23. the emitter of which is connected to the same input circuit 12
of the safety signal 13 as the drive prevention logic 15. Consequently the
electricity supply from the DC voltage source 40 to the emitter of the PNP
transistor 23 of the brake drop-out logic 16 disconnects, when thé con't.act 14 of
the safety relay of the electronic supervision unit 20 opens. At :the ‘s.ame time thé
signal path of the control pulses from the brake control circuit 11 to the control
gates of the IGBT transistors 8A, 8B of the brake controller 7 is disconnected. in
which case the IGBT transistors 8A, 8B open and the power supply from the DC
intermediate circuit 2A, 2B to the coil 10 of the brake ceases. The circuit diagram
of the brake drop-out logic 16 in Fig. 3 for the sake of simplicity is presented only
in respect of the IGBT transistor 8B connecting to the low-voltage busbar 2B of
the DC intermediate circuit, because the circuit diagram of the brake drop-out
logic 16 is similar also in connection with the IGBT transistor 8A connecting to

the high-voltage busbar 2A of the DC intermediate circuit.

Power supply from the DC intermediate circuit 2A, 2B to the coil of the brake is
again possible after the electronic supervision unit 20 connects the‘ safety signal
13 by controlling the contact of the safety relay 14 closed, in which case DC
voltage is conn.e'ctedb from the DC voltage source 40 to the emitter of the PNP
transistof 23 Qf the brake drop-out logic 16. Also the signal péth of the QOﬁtfél

pulses formed by the brake control circuit 11 to the brake drob—o'ut 10gié 16 is
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arranged to travel via an opto-isolator 21, for the same reasons as stated in
connection with the above description of the drive prevention logic. Since the
switching frequency of the IGBT transistors 8A, 8B of the brake contrbller 7 is
generally very high, even 20 kilohertz or over, the opto—isolatof 21 must be
selected in such a way that the latency of the control pulses through the opto-

isolator 21 is minimized.

Instead of an opto-isolator 21, also a digital isolator can be used for minimizing
the latency. Fig. 4 presents an alternative circuit diagram of the brake drop-out
logic. which differs from the circuit diagram of Fig. 3 in such a way that the opto-
isolator 21 has been replaced with a digital isolator. One possible digital isolator
21 of Fig. 4 15 that with an ADUM 4223 type marking manuféé:t_ured by Analog
Devices. The digital isolator 21 receives its operating voltag'e'for the sécondary
side from a DC voltage source 40 via the contact 14 of the saféty ;e:llag{, in Whic;h
case the output of the digital isolator 21 ceases modulating wheﬁ the c‘:on.taét 14

opens.

Fig. 5 presents yet another alternative circuit diagram of the brake drop-out logic.
The circuit diagram of ’Fig. 5 differs from the circuit diagram o’f Fig. 3‘ in such a
way thaf the opto-isolator 21 has been replaced with a transistdr 46, and the
output of the brake control circuit 11 has been taken directly to the gate of the
transistor 46. An MELF resistor 45 is connected to the collector of the transistor
46. Elevator safety instruction EN 81-20 specifies that failure of an MELF
resistor into a short-circuit does not need to be taken into account When making a
fault analysis, so that by selecting the value of the MELF- fésiétc;r- to be
sufficiently large, a signal path from the output of the brake controi circuit 11 to
the gate of an IGBT transistor 8A, 8B can be prevented when the safety contact
14 is-open. With the solution of Fig. 5 a simple and cheap drop-out logic is

achieved.

In some embodiments the circuit diagram of the drive prevention logic of Fig. 2

has been replaced with the circuit diagram of the brake drop-out logic according



WO 2013/178873 PCT/FI12013/050542

22

to Fig. 4 or 5. In this way the transit time latency of the signal from the output of
the control circuit 5 of the motor bridge to the gate of the IGBT transistor 4A, 4B

can be reduced in the drive prevention logic.

According to Fig. 6 the safety signal 13 is conducted from the DC voltage source
40 of the frequency converter 1 via the contacts 14 of the safety relay of the
electronic supervision unit 20 and onwardé back to the frequency converter 1, to
the input circuit 12 of the safety signal. The input circuit 12 is connected to the
drive prevention logic 15 and also to the brake drop-out logic 16 via the diodes
41. The purpose of the diodes 41 is to prevent voltage supply from the drive
prevention logic 15 to the brake drop-out logic 16/from the brake drop-out logic
16 to the drive prevention logic 15 as a consequence of a failure, such as a short-
circuit et cetera, occurring in the drive prevention logic 15 or in the brake drop-

out logic 16.

Additionally, the frequency converter comprises indicator logié 17‘ which form'é‘
data about the operating state of the drive prevention logic 15 and of the brdke
drop-out logic 16 for the electronic supervision unit 20. The 1nd1cator log1c 17 is
implemented as AND logic, the inputs of which are inverted. A ‘slgnal allowing
startup of a. ruﬁ is obtained as the output of the indicator'logic, which signal
reports that the drive prevention logic 15 and the brake drop;out- logic are in
operational condition and starting of the next run is consequéntly allowed. For
activating the signal 18 allowing the startup of a run, the electronié supervision
unit 20 disconnects the safety signal 13 by opening the contact; 1‘4v0f the safety
relay, in which case the electricity supply of the drive prevention loglc 15 and of
the brake drop-out logic 16 must go to zero, i.e. the supply of control pulses to
‘the high-side IGBT transistors 4A of the motor bridge and to the IGBT transistors
8A, 8B of the brake controller is prevented. If this happens, the mdlcator loglc 17
activates the signal 18 permitting startup of a run by controlling the transistor 42
to be conductive. The output of the transistor 42 is wired to- the electronic
supervision unit 20 in such a way that current flows in the opto-isolator in the

electronic supervision unit 20 when the transistor 42 conducts, and the opto-
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isolator indicates to the electronic supervision unit 20 that the startup of a run is
allowed. If at least either one of the electricity supplies of the drive prevention
logic and brake drop-out logic does not go to zero after the contact 14 of the
-safety relay has opened in the electronic supervision unit 20, the transistor 42
does not start to conduct and the electronic supervision unit 20 deduces on the
basis of this that the safety logic of the frequency converter 1 has failed. In this
case the electronic supervision unit prevents the starting of the next run and sends
data about preventibn of the run to the frequency converter 1 and to the elevator

control unit 35 via the communications bus 30.

Fig. 7 presents one embodiment of the invention, in which an emergency drive
apparatus 32 has been added to the safety arrangement according to Fig. 1, by
means of which apparatus the operation of the elevator can be continued during a
functional nonconformance of the electricity network 25, such as during an
overload or an electnmty outage. The emergency drive apparatus compnses a
battery pack 33, preferably a lithium-ion battery pack, which i is connected to the
DC intermediate circuit 2A, 2B with a DC/DC transformer 43_. by means of
which electric power cah be transmitted in both directions betWéén fhe' battéry
pack 33 and the DC intermediate circuit 2A, 2B. The emergen;:y drive device is
controlled in such a way that the battery pack 33 is charged with the electric
motor 6 when braking and current is supplied from the battery pack to the electric
motor 6 when driving with the electric motor 6. According to the invention also
the electricity supply occurring from the battery pack 33 via the DC intermediate
circuit 2A, 2B to the electric motor 6 as well as to the brakes 9 can be
disconnected using the drive prevention logic 15 and the brake drop-out 1ogic 16,
in which case also the emergency drive apparatus 32 can be 1mplemented without
adding a smgle mechanical contactor to the emergency drive apparatus‘

32/frequency converter 1. T

Fig. 8 presents an embodiment of the invention in which the .safe'ty logic of the
frequency converter 1 according to the invention is fitted into an elevator having

a conventional safety circuit 34. The safety circuit 34 is formed from safety
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switches 28, such as e.g. safety switches of the doors of entrances to the elevator
hoistway, that are connected together in series. The coil of the safety r'ellay 44 is
connected in series with the safety circuit 34. The contact of the safety relay 44
opens, when the current supply to the coil ceases as the safety switch 28 of the
safety circuit 34 opens. Consequently the contact of the safety relay 44 opens e.g.
when a serviceman opens the door of an entrance to the elevator hoistway with a
service key. The contact of the safety relay 44 is wired from the DC voltage
source 40 of the frequency converter 1 to the common input circuit 12 of the
drive prevention logic 15 and the brake drop-out logic 16 in such a way that the
electricity supply to the drive prevention logic 15 and brake drop-out logic 16
ceases when the contact of the safety relay 44 opens. Consequently, when the
safety switch 28 opens in the safety circuit 34, the passage of control pulses to the
control gates of the high-side IGBT transistors 4A of the motor’ bridge 3 of the
frequency converter 1 ceases, and the power supply to the electric motor 6 of the
hoisting machine of the elevator is disconnected. At the same time also the
passage of control pulses to the IGBT transistors 8A, 8B of the brake controller 7
ceases, and the brakes 9 of the hoisting machine activate to brake the movement

of the traction sheave of the hoisting machine.

It is obvious to the person skilled in the art that, differing from what is described
above, the electronic supervision unit 20 can also be integrated into'the frequency
converter 1, prefefably on the same circuit card as the drive preve'rition'logic 15
and/or the brake dfop—out logic 16. In this case the electronic supervision unit 20
and the drive prevent'ion logic 15/brake drop-out logic 16 féﬁn, however,
subassemblies that are clearly distinguishable from each other, so that the fail-

safe apparatus architecture according to the invention is not fragmented.

The invention is described above by the aid of a few examples of its embodiment.
It is obvious to the person skilled in the art that the invention is not only limited
to the embodiments described above, but that many other dppllCdthIlS are

K

possible within the scope of the inventive concept defined by the clalms
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Claims \

1. Safety arrangement of an elevator, comprising:

sensors (27, 28) configured to indicate functions that are critical from the

viewpoint of the safety of the elevator;

an electronic supervision unit (20), which comprises an input for the data
formed by the aforementioned sensors (27, 28) indicating the safety of the

elevator;

characterized in that the safety arrangement comprises a drive device

(1) for driving the hoisting machine of the elevator;
which drive device (1) comprises:
a DC bus (2A. 2B);

a motor bridge (3) connected to the DC bus for the electficity supply of the

elevator motor (6);

which motor bridge (3) comprises high-side (4A) and low-side (4B) éWitches
for supplying electric poWer from the DC bus (2A, 2B) to the elevator motor (6)
when driving with the elevator motor (6), and also from the elevator motor (6) to

the DC bus (2A, 2B) when braking with the elevator motor (6); -~ =~

a control circuit (5) of the motor bridge, with which control circuit the
operation of the motor bridge (3) is controlled by producing control pulses in the
control poles of the high-side (4A) and low-side (4B) switches of the motor
bridge;

an input circuit (12) for a safety signal (13), which safety signal (13) can be

disconnected/connected from outside the drive device (1);

drive prevention logic (15), which is connected to the input circuit (12) and
is configured to prevent the passage of control pulses to the control poles of the
high-side (4A) and/or low-side (4B) switches of the motor bridge when the safety

signal (13) is disconnected;
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and in that the signal conductor of the safety signal (13) is wired from the

electronic supervision unit (20) to the drive device (1);

and in that the electronic supervision unit (20) comprises means (14) for -

disconnecting/connecting the safety signal (13);

and in that the electronic supervision unit (20) is arranged to bring the

elevator into a state preventing a run by disconnecting the safety signal (13);

and in that the electronic supervision unit (20) is arranged to remove the state

preventing a run by connecting the safety signal (13).

2. Safety arrangement according to claim 1, characterized in that a data
transfer bus (30) is formed between the electronic supervision unit (20) and the
drive device (1);

and in that the drive device (1) comprises an input for the measuring data of

a sensor (27) measuring the state of motion of the elevator;

and in that the electronic supervision unit (20) is arranged to receive
measuring data from the sensor (27) measuring the state of motion of the elevator
via the data transfer bus (30) between the electronic supervision unit (20) and the

drive device (1).
3. Safety arrangement of an elevator, comprising:

a safety circuit (34), which comprises mechanical safety switches (28) fitted
in series with each other, which safety switches (28) are configured to indicate

functions that are critical from the viewpoint of the safety of the elevator; .

characterized in that the safety arrangement comprises a drive device

(1) for driving the hoisting machine of the elevator;
which drive device (1) comprises:
a DC bus (2A, 2B);
a mofor bridge (3) connected to the DC bus for the electricity supply of the

elevator motor (6);
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which motor bridge (3) comprises high-side (4A) and low-éide (4B) switches
for supplying electric power from the DC bus (2A, 2B) to the elevator motor (6)
when driving with the elevator motor (6), and also from the elevator motor (6) to

the DC bus (2A, 2B) when braking with the elevator motor (6);

a control circuit (5) of the motor bridge, with which control circuit the
operation of the motor bridge (3) is controlled by producing control pulses in the
control poles of the high-side (4A) and low-side (4B) switches of the motor
bridge;

an input circuit (12) for a safety signal (13), which safety signal (13) can be

disconnected/connected from outside the drive device (1);

drive prevention logic (15), which is connected to the input circuit (12) and

is configured to prevent the passage of control pulses to the control poles of the
-high-side (4A) and/or low-side (4B) switches of the motor bridge when the safety

signal (13) is disconnected;

and in that the signal conductor of the safety signal (13) is' wired from the
safety cir_cuit (34) to the drive device (1);

and in that the safety circuit (34) comprises means (14) for
disconnecting/connecting the safety signal (13);

and in that the safety signal (13) is configured to be disconnected by opening
a safety switch (28) in the safety circuit (34).
4. Safety arrangement according to any of the preceding - claims,

characterized in that the drive device comprises:

a brake controller .(7), which comprises a switch (8A, 8B). for supplying

electric power to the control coil (10) of an electromagnetic brake '(9);

a brake control circuit (11), with which the operation of the brake cdntroller
(7) 1s controlled by producing control pulses in the control pole of the switch (8A,

8B) of the brake controller; and also
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brake drop-out logic (16), which is connected to the input circuit (12) and is
configured to prevent passage of the control pulses to the control pole of the
switch (8A., 8B) of the brake controller when the safety signal (13) is

disconnected.

5. Safety arrangement according to claim 4, characterized in that the

aforementioned brake controller (7) is connected to the DC bus (2A, 2B);

and in that the aforementioned switch (8A, 8B) is configured to supply electric
power from the DC bus (2A, 2B) to the control coil (10) of an electromagnetic
brake (9). -

6. Safety arrangement according to any of the preceding - claims,
characterized in that the drive prevention logic (15) is configured to allow
passage of the control pulses to the control poles of the switches (4A, 4B) of the

motor bridge when the safety signal (13) is connected.

7. Safety arrangement according to any of claims 4 — 6, characterized in that
the brake drop-out logic (16) is configured to allow passage of the control pulses
to the control pole of the switch (8A, 8B) of the brake controller when the safety

signal (13) is connected.

8. Safety arrangement according to any of claims 4 - 7, characterized in that
the drive device (1) comprises indicator logic (17) for forming a signal (18)

permitting startup of a run,

and in that the indicator logic (17) is configured to activate the signal (18)
permitting startup of a run when both the drive prevention logié (15) and the

brake drop-out logic (16) are in a state preventing the passage of control pulses;

and in that the indicator logic (17) is configured to disconnec;j thc: signal (1‘_8)"
permitting startup of a run if at least either one of the drive preventi‘on.. logic (15)
and the brake drop-out logic (16) is in a state permitting the passage of control

pulses;
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and in that the drive device (1) comprises an output (19) for indicating the
signal (18) permitting startup of a run to a supervision logic (20) external to the
drive device.
9. Safety arrangement according to claim 8, characterized in that the
signal (18) permitting startup of a run is conducted from the drive device (1) to

the electronic supervision unit (20);

and in that the electronic supervision unit (20) is configured to read the status
of the signal (18) permitting startup of a run when the safety signal (13) is

disconnected;

and in that the electronic supervision unit (20) ts arranged to prevent a run
with the elevator, if the signal (18) permitting startup of a run-does not activate

when the safety signal (13) is disconnected.

10. Safety arrangement according to any of the preceding claims,
characterized in that the signal path of the control pulses to the control poles
of the high-side (4A) and/or low-side (4B) switches of the motor bridge travels

via the drive prevention logic (15);

and in that the electricity supply to the drive prevention logic (15) is arranged

via the signal path of the safety signal (13).

11. Safety arrangement according to any of the preceding claims,
characterized in that the signal path of the control pulses from the control
circuit (5) of the motor bridge to the drive prevention logic (15) is arranged via an

isolator (21).

12. Safety arrangement according to any of claims 4 - 11, characterized in
that the signal path of the control pulses travels to the control pole of the switch

(8A, 8B) of the brake controller travels via the brake drop-out logic (16);

and in that the electricity supply to the brake drop-out logic (16) is én‘anqu

via the signal path of the safety signal (13).
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13. Safety arrangement according to any of claims 4 - 12, characterized in
that the signal path of the control pulses from the brake control circuit (11) to the

brake drop-out logic (16) is arranged via an isolator (22).

14. Safety arrangement according to any of claims 11 — 13, characterized in

that the aforementioned isolator (21, 22) is a digital isolator.

15. Safety arrangement according to any of the preceding claims,
characterized in that the drive prevention logic (15) comprises a bipolar or
multipolar signal switch (23), via which the control pulses travel to the control

pole of a switch (4A, 4B) of the motor bridge;

and in that at least one pole of the signal switch (23) is connected to the input
circuit (12) in such a way that the signal path of the control pulses through the

signal switch (23) breaks when the safety signal (13) is disconnected.

16. Safety arrangement according to claim 15, characterized in that the
signal switch (23) is fitted in connection with the control pole of each high-side
switch (4A) of the motor bridge and/or in connection with the control pole of

each low-side switch (4B) of the motor bridge.

17. Safety arrangement according to any of claims 4 - 16, characterized in
that the brake drop-out logic (16) comprises a bipolar or multipolar signal switch
(24), via which the control pulses travel to the control pole of the switch (8A, 8B)

of the brake controller;

and in that at least one pole of the signal switch (24) is connected to the input
circuit (12) in such a way that the signal path of the control pulses through the

signal switch (24) breaks when the safety signal (13) is disconnected.
18. Safety arrangement according to any of claims 10 - 17, characterized in
that the electricity supply occurring via the signal path of the safety Signal (13)is

configured to be disconnected by disconnecting the safety signal (13). ,
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19. Safety arrangement according to any of the preceding claims,
characterized in that the drive device (1) comprises a rectifier (26)

connected between the AC electricity source (25) and the DC bus (2A, 2B).

20. Safety arrangement according to any of the preceding claims,
characterized in that the drive device (1) is implemented without a single

mechanical contactor.

21. Safety arrangement according to any of the preceding claims,
characterized in that the safety comprises an emergency drive device (32).

which is connected to the DC bus (2A., 2B) of the drive device;

and in that the emergency drive device (32) comprises a secondary power
source (33). via which electric power can be supplied to the DC bus (2A, 2B)

during a malfunction of the primary power source (25) of the elevator system;

and in that both the emergency drive device (32) and the drive device (1) are

implemented without any mechanical contactors.
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