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DESCRIPTION

Field of the invention

[0001] The invention relates to solutions for monitoring the electrical safety of motor drives and
particularly the electrical safety of the motor drives of an elevator or conveyor.

Background of the invention

[0002] The requirements for protection of a motor drive against electric shock are presented
e.g. in the standards IEC 61140: "Protection against electric shock. Common aspects for
installation and equipment.”; IEC 60364-4-41: "Low-voltage electrical installations - Part 4-41:
Protection for safety - Protection against electric shock"; IEC 60204-1: "Electrical equipment of
machine"; IEC 61800-5-1: "Adjustable Speed electrical power drive systems - Part 5-1: Safety
requirements - Electrical, thermal and energy".

[0003] According to standard EN 61140 a fundamental rule of protection against electric shock
is that hazardous-live parts shall not be accessible and that accessible conductive parts shall
not be hazardous live in normal circumstances or as a consequence of a single fault. For these
reasons accessible conducting parts are normally earthed.

[0004] In US 2005/0151658 A1, a motor driver capable of detecting the insulation deterioration
of a motor easily and inexpensively is disclosed. The voltage supplied from an AC power
supply is rectified by a first rectifying circuit and smoothed by a capacitor in a power supply
unit. The output voltage of the power supply unit is converted into an AC voltage of a frequency
and a motor is driven by a motor drive amplifier. Elements are connected between at least one
of the positive electrode and the negative electrode of the output line of the power supply unit
and the ground. An insulation deterioration circuit detects at least one of the voltage between
the elements and the current flowing through the elements.

Aim of the invention

[0005] One aim of the invention is to improve the protection of elevators against electric shock.
To achieve this aim the invention discloses a safety arrangement of an elevator according to
claim 1, an elevator system according to claim 12 and also a method according to claim 18.

[0006] The preferred embodiments of the invention are described in the dependent claims.
Some inventive embodiments and also inventive combinations of the various embodiments are
also presented in the descriptive section and in the drawings of the present application.
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Summary of the invention

[0007] The aims of the invention are achieved by the subject matter of the independent claims.
The safety arrangement of an elevator comprises a motor drive of the elevator, which motor
drive comprises a main circuit, an accessible conducting part, which is earthed, and also an
insulator, which is adapted to electrically insulate the aforementioned conducting part from the
aforementioned main circuit. The safety arrangement of an elevator comprises a monitoring
circuit, which is configured to determine an earth fault of the aforementioned main circuit and, if
the aforementioned earth fault is diagnosed, to form a signal indicating the danger of electric
shock in the motor drive of the elevator. The safety arrangement is functional for forming a
signal indicating the danger of electric shock in the motor drive both when driving with the
elevator and during a standstill of the elevator, and the monitoring circuit is configured to use a
different determination method when driving with the elevator than during a standstill of the
elevator for determining an earth fault. In the most preferred embodiment of the invention the
aforementioned insulator (electrical insulator) is fitted between the aforementioned conducting
part and the aforementioned main circuit. In the invention an earth fault of the main circuit
preferably means a situation in which an earthed conducting part comes into electrical contact
with a live part of the main circuit as a consequence of an insulation failure. An accessible
conducting part means a part that can be accessed without disassembling a structure of the
motor drive and which for this reason can cause an electric shock hazard to people in the
proximity of the motor drive. The conducting part can be e.g. a part made wholly or partly from
metal, which conducts electricity owing to, inter alia, the free charge carriers in it.

[0008] The inventors have realized that an insulation fault in the motor drive of an elevator can
cause a dangerously high contact voltage in accessible conducting parts of the motor drive of
an elevator, even if the aforementioned parts were earthed. This results from, inter alia, the
total impedance from a conducting part to earth being so great, owing to the earthing
structures used or owing to deficiencies in the earthing structures, that a large contact voltage
in an earthed conducting part is possible. In addition, if an earth fault occurs on the output side
of a motor drive the short-circuit protections being used on the input side of the motor drive do
not necessarily detect a dangerous situation, because voltage conversion and current
conversion occur in the motor drive. Consequently the current of the output side can be
considerably greater than the current of the input side; also the large impedance of an earthing
structure can limit the ground leakage current to below the detection limit. The problem is also
cumulative in such a way that when the impedance of an earthing structure, and consequently
the contact voltage of an earthed conducting part, increases in an earth fault situation, the
ground leakage current decreases, making detection of a dangerous situation more difficult.

[0009] The solution according to the invention enables the protection of accessible, earthed
conducting parts of a motor drive of an elevator against electric shock, more particularly as a
precaution against an insulation failure occurring in the motor drive.
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[0010] An insulator (electrical insulator) is fitted to electrically insulate a conducting part of the
motor drive of an elevator from the main circuit of the motor drive of the elevator when the use
of an insulator is necessary for achieving sufficient insulation protecting from electric shock, as
specified in the electrical safety regulations or elsewhere, between the aforementioned
conducting part of the motor drive of the elevator and the aforementioned live main circuit of
the motor drive of the elevator. The aforementioned conducting part of the motor drive of an
elevator is preferably earthed with earthing means, preferably with an earthing cable, an
earthing bar or corresponding. In one preferred embodiment of the invention the
aforementioned conducting part is disposed in the immediate proximity of the main circuit of
the motor drive of the elevator. In one preferred embodiment of the invention the
aforementioned conducting part mechanically connects to the aforementioned main circuit via
the insulator.

[0011] The aforementioned earthed conducting part of the motor drive of an elevator can
consequently be e.g. a cubicle for electrical devices, or part thereof, a connector of the main
circuit of the motor drive, an enclosure or heatsink of the frequency converter, an enclosure of
a control device or a user interface in connection with the motor drive, an enclosure of the fan
for the power semiconductors of the main circuit, an enclosure of a fan for the electric motor,
an enclosure for a brake control device of the elevator, a mechanical brake for the elevator or
a brake part, a frame part of the hoisting machine of the elevator or a terminal box on the
motor drive of the elevator. The conducting part can also be some part outside the motor drive,
which part is accessible and which connects in an electrically conductive manner to an earthed
conducting part of the motor drive of the elevator.

[0012] In one preferred embodiment of the invention the monitoring circuit is configured to
determine an earth fault of the aforementioned main circuit from the ground leakage current of
the aforementioned conducting part. In the invention the ground leakage current of a
conducting part of the motor drive of an elevator means the current that flows from the live
main circuit of the motor drive via the aforementioned conducting part to earth.

[0013] In one preferred embodiment of the invention the monitoring circuit is configured to
form a signal indicating failure of the aforementioned insulator on the basis of a diagnosed
earth fault of the aforementioned main circuit.

[0014] According to the invention the safety arrangement is functional for forming a signal
indicating the danger of electric shock in the motor drive, both when driving with the elevator
and during a standstill of the elevator. Consequently the signal indicating the danger of electric
shock can be formed as quickly as possible when a dangerous situation occurs, in which case
the elevator can be removed from use without it causing a hazard to elevator passengers or to
elevator servicing personnel. Servicing personnel can also be informed about the danger of
electric shock and corrective actions can in this case be started as quickly as possible after the
appearance of the dangerous situation.

[0015] In one preferred embodiment of the invention the monitoring circuit comprises a sensor,
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which is configured to measure the current flowing in the main circuit of the motor drive of the
elevator, and the monitoring circuit is configured to determine the ground leakage current of a
conducting part of the aforementioned motor drive of the elevator by means of the current
measurement data to be received from the sensor. In a preferred embodiment of the invention
a sensor belonging to the control apparatus of the hoisting machine of the elevator is used as
a sensor, in which case the number of sensors needed in the motor drive becomes less.

[0016] In one preferred embodiment of the invention the monitoring circuit comprises a
processor and also a memory, in which a program to be executed by the processor is
recorded, and a determination method for determining an earth fault of the aforementioned
main circuit is recorded in the aforementioned memory.

[0017] In one preferred embodiment of the invention the safety arrangement comprises a
control circuit in connection with the monitoring circuit for resolving the operating state of the
elevator.

[0018] In one preferred embodiment of the invention at least two different determination
methods for determining an earth fault of the main circuit are recorded in the memory, and the
monitoring circuit is configured to select the earth fault determination method to be used at any
given time on the basis of the resolved operating state of the elevator.

[0019] According to the invention the monitoring circuit is configured to use a different
determination method when driving with the elevator than during a standstill of the elevator for
determining an earth fault.

[0020] In one preferred embodiment of the invention the monitoring circuit comprises a
memory, in which the threshold value of the ground leakage current of the conducting part is
recorded, and the monitoring circuit is configured to diagnose an earth fault in the main circuit
when the ground leakage current of the conducting part exceeds the threshold value. In this
case the threshold value of the ground leakage current can be selected to be suitable for
detecting an electric shock hazard in the conducting part.

[0021] In one preferred embodiment of the invention the aforementioned threshold value of a
ground leakage current is determined in an earth fault situation from the magnitude of the
current flowing via the earthing means of the conducting part of the motor drive of the elevator.
In this case the threshold value of the ground leakage current can be selected to be sufficiently
small, taking the impedance of the earthing means against earth into account, to prevent
dangerous (>50 volts) contact voltage in an earthed conducting part. In this way the problem
relating to the simultaneous dangerous contact voltage and low ground leakage current, which
hampers detection of an earth fault, resulting from the impedance of an earthing structure in
an earth fault situation can be solved.

[0022] In one preferred embodiment of the invention the monitoring circuit is configured to
select the threshold value of the ground leakage current of the conducting part on the basis of
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the resolved operating state of the elevator. In this case the threshold value of the ground
leakage current can be smaller during a standstill of the elevator than when driving with the
elevator, because during a standstill of the elevator also the interference level of the main
circuit of the motor drive is smaller, which improves the measurement accuracy/determination
accuracy of the ground leakage current.

[0023] In one preferred embodiment of the invention the main circuit of the motor drive of the
elevator is formed from at least two subcircuits, and the motor drive of the elevator comprises
one or more insulators, which is/are adapted to electrically insulate one or more of the
aforementioned subcircuits from the earthed conducting part of the motor drive of the elevator.
In this case the monitoring circuit can be configured to specify the subcircuit in which an earth
fault has occurred. The signal formed by the monitoring circuit indicating a danger of electric
shock in the motor drive can also contain more precise information, based on the
aforementioned specification, as to which part of the motor drive of the elevator the danger of
electric shock applies.

[0024] In one preferred embodiment of the invention one or more of the aforementioned
subcircuits to be electrically insulated with an insulator from a conducting part of the motor
drive is/are connected to at least one second subcircuit with one or more controllable electronic
switches, the control pole of which switch(es) is connected to a monitoring circuit. The
monitoring circuit is configured by connecting the aforementioned electronic switch/electronic
switches to determine an earth fault of a subcircuit to be electrically insulated from the
aforementioned conducting part occurring via an earthed conducting part of the motor drive. In
this case an earth fault of a conducting part can be determined in a part of the circuit situated
in the immediate proximity of the conducting part, in which case the accuracy and reliability of
the determination of ground leakage current improve. An IGBT transistor, MOSFET transistor,
thyristor, bipolar transistor, silicon-carbide (SiC) MOSFET transistor or corresponding
controllable solid-state switch can be used as an electronic switch.

[0025] In one preferred embodiment of the invention disconnection means are fitted in
connection with the monitoring circuit for disconnecting the current in the main circuit of the
motor drive of the elevator, and the monitoring circuit is configured to disconnect the current in
the main circuit when an earth fault is diagnosed. In this case the electrical safety of the motor
drive can be ensured by de-energizing the conducting part that possesses an electric shock
hazard by disconnecting the current of the conducting part immediately after an earth fault has
been detected.

[0026] In one preferred embodiment of the invention the monitoring circuit is configured to
disconnect the current in a subcircuit of the main circuit by opening the electronic switch
connecting the subcircuit, that is to be electrically insulated from the conducting part of the
motor drive, to the second subcircuit. In this case the conducting part that possesses an
electric shock hazard can be de-energized by disconnecting the current from only a part of the
main circuit of the motor drive, in which case the electricity supply to the electrical devices of
the elevator (lighting, air-conditioning, displays, elevator control unit, et cetera) via a live part of
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the main circuit is still possible.

[0027] In one preferred embodiment of the invention the main circuit comprises two
subcircuits, and the motor drive of the elevator comprises one or more insulators, which is/are
adapted to electrically insulate the first of these subcircuits from the first earthed conducting
part in the motor drive of the elevator and the second of these subcircuits from the second
earthed conducting part in the motor drive of the elevator. The monitoring circuit comprises at
least two sensors, the first of which is configured to measure the current flowing in the
aforementioned first subcircuit and the second is configured to measure the current flowing in
the aforementioned second subcircuit. The monitoring circuit is configured to determine the
ground leakage current of the aforementioned first conducting part by means of the current
measurement data to be received from the first sensor, and the monitoring circuit is configured
to determine the ground leakage current of the aforementioned second conducting part by
means of the current measurement data to be received from the second sensor. In this case
the monitoring arrangement can be configured to specify the conducting part of the motor drive
of the elevator, said conducting part being electrically insulated from the subcircuit/subcircuits
and in which part ground leakage current flows, and the signal formed by the monitoring circuit
indicating a danger of electric shock in the motor drive can also in this case contain more
precise information, based on the aforementioned specification, as to which part of the motor
drive of the elevator the danger of electric shock applies. In addition, the accuracy of current
measurement and consequently the determination accuracy of a ground leakage current of a
conducting structure of the elevator improve when the sensor is situated closer to the
conducting structure having the ground leakage current being determined.

[0028] In one preferred embodiment of the invention the motor drive of the elevator comprises
an electric motor and also a frequency converter, with which the electric motor is controlled.
The frequency converter comprises a network bridge to be connected to a power source, a
motor bridge to be connected to an electric motor, and also a direct-current intermediate circuit
connecting the network bridge and the motor bridge.

[0029] In one preferred embodiment of the invention the motor bridge comprises controllable
electronic switches for supplying electric power from the direct-current intermediate circuit to
the electric motor, when driving with the electric motor, and also from the electric motor to the
direct-current intermediate circuit, when braking with the electric motor. The motor drive also
comprises an insulator, which is adapted to electrically insulate an earthed conducting part of
the motor drive of the elevator from the output circuit of the frequency converter, which output
circuit is formed from a subcircuit, of the main circuit of the motor drive, continuing from the
motor bridge to the electric motor. The monitoring circuit is configured to determine an earth
fault of the output circuit of the frequency converter by connecting the electronic switches of
the motor bridge with a switching instruction according to the determination method.
Consequently an earth fault occurring from the output circuit via a conducting part can be
determined accurately and near the conducting part using the controllable electronic switches
that are in the motor bridge of the frequency converter.
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[0030] In one preferred embodiment of the invention the aforementioned sensor is configured
to measure the current flowing in the aforementioned output circuit of the frequency converter,
and the monitoring circuit is configured to determine the ground leakage current of an earthed
conducting part to be electrically insulated with an insulator from the output circuit of the
frequency converter from those values for current which the current measured from the output
circuit of the frequency converter receives when connecting the electronic switches of the
motor bridge with a switching instruction according to the current determination method.

[0031] In one preferred embodiment of the invention the monitoring circuit is configured, when
diagnosing an earth fault in the output circuit, to disconnect with the aforementioned
controllable electronic switches of the motor bridge the electricity supply in the output circuit of
the frequency converter. In this case the conducting part can be de-energized by
disconnecting the current only in the output circuit of the frequency converter, in which case
the electricity supply to the electrical devices of the elevator (lighting, air-conditioning, displays,
elevator control unit, et cetera) is still possible via a live part of the main circuit, such as via a
direct-current intermediate circuit. In addition, the ground leakage current can be disconnected
and the conducting part that possesses an electric shock hazard can be de-energized using
the controllable electronic switches that are in the motor bridge.

[0032] In one preferred embodiment of the invention the motor drive of the elevator comprises
an insulator, which is adapted to electrically insulate an earthed conducting part of the motor
drive from the internal circuit of the frequency converter, which internal circuit is formed from a
subcircuit of the main circuit of the motor drive, continuing from the motor bridge via the direct-
current intermediate circuit and network bridge to the supply conductors of the power source.
The monitoring circuit is configured to determine an earth fault of the internal circuit of the
frequency converter, and the monitoring circuit is configured when it diagnoses an earth fault in
the internal circuit to disconnect the electricity supply from the power source to the internal
circuit of the frequency converter. Consequently an earth fault occurring from the internal
circuit via a conducting part can be determined accurately and near the conducting part. In
addition, the conducting part causing an electric shock hazard can be de-energized by
disconnecting the current in the internal circuit of the frequency converter. In addition, when
the current in the internal circuit of the frequency converter is disconnected, the current flow in
the main circuit of the frequency converter disconnects and the danger of electric shock is
removed.

[0033] In one preferred embodiment of the invention the aforementioned sensor is configured
to measure the current flowing in the aforementioned internal circuit of the frequency
converter, and the monitoring circuit is configured to determine the ground leakage current of
the conducting part to be electrically insulated with an insulator from the internal circuit of the
aforementioned frequency converter from the current flowing in the internal circuit. The
monitoring circuit is configured to disconnect the electricity supply from the power source to the
internal circuit when the ground leakage current of the aforementioned conducting part to be
electrically insulated from the internal circuit exceeds a threshold value.
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[0034] In one preferred embodiment of the invention the safety arrangement comprises a
contactor, which is fitted in series between the power source and the internal circuit of the
frequency converter, the monitoring circuit is configured to disconnect the electricity supply
from the power source to the internal circuit by controlling the contacts of the contactor open.
In this case the conducting part that possesses an electric shock hazard can be de-energized
with the contactor.

[0035] In one preferred embodiment of the invention the network bridge comprises controllable
electronic switches for supplying electric power between the power source and the direct-
current intermediate circuit, and the safety arrangement comprises a short-circuit protective
device, which is fitted in series between the power source and the network bridge. The
monitoring circuit is configured to disconnect the electricity supply from the power source to the
internal circuit by tripping the short-circuit protective device by controlling the electronic
switches in the different phases of the network bridge to be simultaneously conductive. In this
case the conducting part causing an electric shock hazard can be de-energized by tripping the
short-circuit protective device, in which case the current from the power source to the internal
circuit of the frequency converter is disconnected. The solution is consequently suited for use
also in systems in which the frequency controller is implemented without a single mechanical
contactor.

[0036] In one preferred embodiment of the invention the monitoring circuit comprises a power
meter for measuring the power entering the main circuit of the motor drive and also the power
leaving the main circuit, and the monitoring circuit is configured to determine an earth fault of
the main circuit of the motor drive of the elevator occurring via an earthed conducting part of
the motor drive of the elevator from the difference between the power coming into the main
circuit and the power leaving the main circuit. In the most preferred embodiment of the
invention the monitoring circuit is configured to form a signal indicating the danger of electric
shock in the motor drive, if the power Pq; leaving the main circuit is greater by the amount of
the predetermined threshold value s than the power P;, coming into the main circuit times the
internal efficiency ratio n of the main circuit:

Pout= Pin™n 2 S.

By using a measurement of power in the determination of ground leakage current instead of
just a measurement of current, the accuracy of the determination of ground leakage current
can be improved because, unlike in the measuring of current, in the measuring of power the
correct measurement result is obtained regardless of the current/voltage conversion occurring
in the main circuit.

[0037] The invention also relates to an elevator system, which comprises a motor drive for
driving an elevator car. The elevator system also comprises a safety arrangement according to
the description, for monitoring the electrical safety of the elevator.

[0038] In one preferred embodiment of the invention the safety arrangement comprises a drive
prevention apparatus connected to the monitoring circuit, which apparatus is configured to
remove the elevator from use when an earth fault is diagnosed. In this case use of the elevator
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can be prevented when the electrical safety of the motor drive is impaired.

[0039] In one preferred embodiment of the invention the elevator system is equipped to send a
signal indicating the danger of electric shock in the motor drive to a servicing center via a
remote connection. In this case impairment of electrical safety and an electric shock hazard
can be brought to the attention of the service personnel of the elevators as soon as possible
after detecting the hazard, and also corrective actions and measures ensuring safety can be
started as soon as possible.

[0040] The frequency converter according to claim 17 of the invention for driving an electric
motor comprises an earthed conducting part and also a main circuit, which comprises a
network bridge, a direct-current intermediate circuit, a motor bridge, a connection for the
electric motor of the hoisting machine and also a connection for a power source. The
frequency converter also comprises an insulator, which is adapted to electrically insulate the
aforementioned conducting part to be earthed from the aforementioned main circuit. The
frequency converter further comprises a monitoring circuit, which is configured to determine an
earth fault of the main circuit occurring via the aforementioned conducting part to be earthed
and, when the aforementioned earth fault is diagnosed, to form a signal indicating the danger
of electric shock. The frequency converter according to the claim 17 of the invention enables
the protection from electric shock of accessible, earthed, conducting parts in the frequency
converter as well as in the immediate proximity of the main circuit of the frequency converter,
e.g. as a precaution against an insulation failure.

[0041] In one preferred embodiment of the invention the monitoring circuit is configured to
determine the ground leakage current of the conducting part to be earthed. The monitoring
circuit comprises a memory for recording a threshold value for ground leakage current, and the
monitoring circuit is configured to diagnose an earth fault when the determined ground leakage
current of the aforementioned conducting part to be earthed exceeds the aforementioned
threshold value for ground leakage current.

[0042] In one preferred embodiment of the invention the monitoring circuit comprises a
processor and also a memory, in which a program to be executed by the processor is
recorded. A determination method for determining an earth fault of the main circuit occurring
via the aforementioned conducting part to be earthed is recorded in the aforementioned
memory.

[0043] In the method according to the invention for monitoring electrical safety in an elevator
system an accessible conducting part of the motor drive of the elevator is earthed with earthing
means, the aforementioned earthed conducting part is electrically insulated from the main
circuit of the motor drive of the elevator with an insulator, an earth fault of the main circuit
occurring via the aforementioned earthed conducting part is determined, and, if the
aforementioned earth fault is diagnosed, a signal indicating the danger of electric shock in the
motor drive is formed.
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[0044] In one preferred embodiment of the invention a ground leakage current of the
aforementioned earthed conducting part is determined, and also an earth fault of the main
circuit occurring via the aforementioned earthed conducting part is diagnosed, when the
determined earth fault current exceeds the threshold value for the current.

[0045] In one preferred embodiment of the invention the operating state of the elevator is
determined and also an earth fault of the main circuit occurring via the aforementioned
conducting part is determined using a first determination method when driving with the
elevator, and an earth fault of the main circuit occurring via the aforementioned conducting
part is determined using a second determination method during a standstill of the elevator,
said second method differing from the first method.

[0046] In one preferred embodiment of the invention the electronic switches of the motor
bridge of the frequency converter of the motor drive of an elevator are connected with a
switching instruction according to the current determination method, the current of the
frequency converter is determined and also the ground leakage current of the aforementioned
conducting part is determined from those values for current which the current of the frequency
converter receives when connecting the electronic switches of the motor bridge with a
switching instruction according to the current determination method.

[0047] In one preferred embodiment of the invention the current in the main circuit of the
motor drive of the elevator is disconnected when an earth fault is diagnosed in the main circuit.

[0048] In one preferred embodiment of the invention the electronic switches are connected in
the different phases of the network bridge of the frequency converter of the motor drive of the
elevator to be simultaneously conducting when an earth fault of the main circuit is diagnosed.

[0049] 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.

Brief explanation of the figure

[0050]

Fig. 1
presents a diagrammatic view of an elevator system according to an embodiment of the
invention.

More detailed description of preferred embodiments of the invention
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[0051] Fig. 1 presents a diagrammatic view of a motor drive 1 of an elevator. The motor drive
1 comprises a frequency converter and a hoisting machine. The elevator car is driven in an
elevator hoistway with a hoisting machine via rope friction or belt friction. The speed of the
elevator car is adjusted to be according to the target value for the speed of the elevator car,
i.e. the speed reference, calculated by the elevator control unit 8. The speed reference is
formed in such a way that the elevator car can transfer elevator passengers from one floor to
another on the basis of elevator calls given by passengers. In the embodiment of Fig. 1 the
elevator system is without machine room, in which case the hoisting machine and also the
frequency converter are disposed in the elevator hoistway. However, the invention is also
suited for use in elevator systems provided with machine rooms.

[0052] The elevator car is connected to the counterweight with ropes or with a belt traveling via
the traction sheave of the hoisting machine. Various elevator mechanics solutions known in the
art can be used in an elevator system, which do not however clarify the invention and are
consequently not presented in order to simplify the description.

[0053] The hoisting machine comprises an electric motor 7, with which the elevator car is
driven by rotating the traction sheave, as well as two electromagnet brakes 3C, with which the
traction sheave is braked and held in its position. The hoisting machine is driven by supplying
electric power with the frequency converter from the supply panel 15 of the building to the
electric motor 7. The supply panel 15 is situated outside the elevator hoistway and
consequently in a different location than the motor drive 1 of the elevator. The frequency
converter comprises a main circuit 2, which comprises a network bridge 10, with which the
supply voltage of the alternating electricity network coming from the supply panel 15 is rectified
into the direct-current intermediate circuit 11 of the frequency converter. The direct-current
voltage of the direct-current intermediate circuit 11 is further converted into the variable-
amplitude and variable-frequency supply voltage of the electric motor 7 by switching the IGBT
transistors 14 of the motor bridge 12. Adjustment of the speed of the elevator car occurs with
the control unit 6 of the frequency converter, which control unit receives a speed reference
from the elevator control unit 8 via a data channel between the control unit 6 of the frequency
converter and the elevator control unit 8. The control unit 6 of the frequency converter receives
measuring data about the speed of rotation of the traction sheave of the hoisting machine of
the elevator and adjusts the speed of rotation of the traction sheave, and consequently the
speed of the elevator car, to be according to the speed reference by adjusting the torque of the
electric motor 7 with the frequency converter. Adjustment of torque occurs by forming the
output voltage of the motor bridge with IGBT transistors 14 by modulating, i.e. by connecting
the IGBT transistors with a suitable switching instruction preferably according to pulse width
modulation.

[0054] During motor braking power returns from the electric motor 7 to the direct-current
intermediate circuit 11 of the frequency converter, in which case the voltage of the direct-
current intermediate circuit 11 starts to rise. The returning power is supplied from the direct-
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current intermediate circuit 11 onwards to the electricity network by adjusting the current of the
mains chokes 20 by switching the IGBT transistors 16 of the network bridge 10. The voltage of
the direct-current intermediate circuit 11 can be adjusted by means of a chopper circuit formed
by the chokes 20 and the IGBT transistors to a set constant voltage higher than the network
voltage. One constant voltage of a direct-current intermediate circuit 11 suitable for a European
230-Volt electricity network is approx. 650 Volts, but the voltage can also be higher or lower
than this.

[0055] The electromagnetic brakes 3C of the hoisting machine are controlled by supplying
current to the electromagnets of the brakes with a brake control circuit 13, which is connected
to the direct-current intermediate circuit 11 of the frequency converter.

[0056] In the motor drive of an elevator are accessible parts conducting electricity, which for
safety reason are earthed. Consequently the frame part 3B of the hoisting machine as well as
the machinery brakes 3C attached to the frame part 3B are earthed by fixing an earthing cable
5 (a yellow-green cable as per electrical installation instruction) at the point of the terminal box
3D of the motor. Also the sheet-metal enclosure 3A of the frequency converter as well as the
fan enclosure 3E are connected to the aforementioned earthing cable 5. The earthing cable 5
runs in the same cable bundle as the supply cables coming from the supply panel 15, and the
second end of it is connected to an earthing electrode 22 in the supply panel 15.

[0057] Owing to the high voltage in the main circuit of the frequency converter, the live parts of
the main circuit are insulated from the aforementioned accessible, electrically-conductive parts
3A, 3B, 3C, 3D, 3E of the motor drive with an electrical insulator 4, i.e. with a material that
conducts electricity badly and is did-electric, i.e. resistant to an external electrical field. A
suitable plastic, ceramic, varnish, et cetera, can be used as the insulator 4. The insulation is
made in those points in which the live main circuit 2 is situated so close to the conducting part
3A, 3B, 3C, 3D, 3E that use of an insulator 4 is necessary in order to achieve a sufficient
insulation distance. In the embodiment of Fig. 1 insulators 4 have been used to insulate the
chokes 20 in the frequency converter, the network bridge 10, the direct-current intermediate
circuit 11, the motor bridge 12 and also the brake controller 13 from the sheet-metal enclosure
3A of the frequency converter. In addition, an insulator 4 has been used to insulate the
windings of the motor 7 from the conducting frame 3B of the hoisting machine.

[0058] Damage of an insulator 4 can cause an earth fault, i.e. an electrical connection of a live
part of the main circuit 2 to a conducting part 3A, 3B, 3C, 3D, 3E and onwards via the earthing
cable 5 of the conducting part 3A, 3B, 3C, 3D, 3E to earth 22. In the embodiment of Fig. 1 the
earthing cable 5 is quite long because the earthing cable is connected to the earthing electrode
only in the supply panel 15, which is disposed at a distance from the motor drive 1.
Consequently the impedance 21 of the earthing cable 5 is so great that an earth fault causes a
dangerously high (over 50 Volts) contact voltage in the aforementioned accessible earthed
parts 3A, 3B, 3C, 3D, 3E. The high impedance 21 of the earthing cable also limits the ground
leakage current flowing in the earthing cable 5, which hampers detection of an earth fault, and
e.g. conventional residual current protection in the supply panel 15 is not necessarily able to
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detect an earth fault. Detection is also hampered by the voltage conversion and current
conversion occurring in the motor drive, i.e. the current leaving the motor bridge 12 into the
motor cables can be considerably larger than the current flowing from the supply panel 15 to
the network bridge 10. The aforementioned voltage conversion and current conversion can be
caused by, inter alia, energy storages in the main circuit of the frequency converter, said
storages being such as capacitors in the intermediate circuit 11, chokes and also the
inductance in the windings of the motor, which energy storages can in certain situations supply
some of the ground leakage current.

[0059] For the aforementioned reasons, among others, a safety arrangement is arranged in
the motor drive 1 of the elevator, with which safety arrangement the electrical safety of the
motor drive 1 of the elevator can be monitored as a precaution against the earth fault
situations described above. The safety arrangement is implemented with the existing
components of the frequency converter in such a way that a monitoring program is recorded in
the software of the control unit 6 of the frequency converter, which program receives current
measuring data from the current sensors 9A, 9B of the frequency converter and also receives
from the elevator control unit 8 information about the operating state of the elevator and
controls the IGBT transistors 14, 16 of the network bridge 10 and of the motor bridge 12 of the
frequency converter, on the one hand, for collecting information about an earth fault and, on
the other hand, for bringing the motor drive 1 into a safe state when an earth fault is
diagnosed. When an earth fault is diagnosed the control unit 6 of the frequency converter
sends information about the danger of electric shock relating to the earthed, accessible parts
3A, 3B, 3C, 3D, 3E of the motor drive to the control unit 8 of the elevator, which sends the
information onwards to the servicing center 9 for the elevators, e.g. via a wireless connection,
an Internet connection or some other such suitable remote connection. In the following the
operation of the aforementioned safety arrangement will be described in more detail.

[0060] The control unit 6 of the frequency converter receives from the elevator control unit 8
information about the operating state of the elevator, i.e. inter alia whether the elevator is
driving or whether the elevator car is standing empty waiting for passengers. The software of
the control unit 6 of the frequency converter comprises different determination methods for
determining an earth fault when driving with the elevator than during a standstill of the elevator.

[0061] An earth fault occurring in the output circuit 2B of the frequency converter, i.e. in a
subcircuit of the main circuit 2 continuing from the motor bridge 12 to the electric motor 7, is
determined during a standstill of the elevator by connecting the IGBT transistors of the motor
bridge 12 that connect to the positive + busbar of the direct-current intermediate circuit 11, or
alternatively by connecting the IGBT transistors of the motor bridge 12 that connect to the
negative - busbar of the direct-current intermediate circuit 11, one at a time to be conductive
and by measuring with the current sensors 9B the current flowing in the output circuit 2B.
Current starts to flow if the output circuit 2B connects to an earth fault, e.g. as a consequence
of damage of the winding insulations of the motor or as a consequence of an insulation failure
of the supply cables of the motor. Current does not flow at all or the current is extremely small
if there is no earth fault in the output circuit 2B. A threshold value K1 is recorded in the memory
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of the control unit 6 of the frequency converter, to which threshold value the measured current
is compared, and the control unit 6 diagnoses that an earth fault has occurred if the current
measured from the output circuit 2B of the frequency converter exceeds the threshold value
K1.

[0062] An earth fault in the output circuit 2B of the frequency converter can also be determined
during a run with the elevator. In this case the IGBT transistors of the motor bridge 12 that
connect to the positive busbar of the direct-current intermediate circuit 11, or alternatively the
IGBT transistors that connect to the negative busbar of the direct-current intermediate circuit
11, are connected to be simultaneously conductive, in which case the supply leads of the motor
receive zero voltage. The current flowing in the output circuit 2B is measured with the current
sensors 9B, and if a change in the current exceeds the threshold value K2 recorded in the
control unit 6 of the frequency converter, the control unit 6 diagnoses that an earth fault has
occurred. The determination method for an earth fault presented is suited to the motor drive
according to Fig. 1, in which the output circuit 2B comprises current sensors 9B in only two of
the three different phases of the motor 7. If there were separate current sensors in all three
phases, an earth fault could also be determined from the resultant of the measured currents,
i.e. from the length of the sum vector of the current vectors: an earth fault is diagnosed in the
output circuit if the aforementioned resultant of the currents exceeds a certain threshold value.

[0063] The threshold value K1 is smaller than the threshold value K2 for the reason, among
others, that the interference level of the main circuit 2 during a standstill of the elevator is
smaller than when driving with the elevator, so that an earth fault can also be determined with
a smaller threshold value k1 for current during a standstill of the elevator than when driving
with the elevator (threshold value K2). A small threshold value K1 for current facilitates the
diagnosing of an electric shock hazard particularly in those motor drives 1 in which the earth
fault current is small owing to, inter alia, the high impedance 21 of the earth fault conductor 5.

[0064] Instead of measurement of the current, an earth fault of the output circuit 2B could in
some cases also be determined by measuring the voltage of the direct-current intermediate
circuit 11, more particularly if a large impedance, such as a charging resistor for the
intermediate circuit capacitors, is in series on the supply side of the frequency converter. In this
case an earth fault in the output circuit 2B causes the intermediate circuit voltage to drop.

[0065] When the control unit 6 of the frequency converter diagnoses that an earth fault has
occurred, the control unit 6 sends information about the electric shock hazard to the elevator
control unit 8, from where it is sent onwards to the servicing center 9 for the elevators, as
stated above. The elevator control unit 8 also removes the elevator from use, recording the
drive prevention regulation in non-volatile memory, and after this use of the elevator is
prevented on the basis of the drive prevention regulation recorded in memory. In the same
context the control unit 6 of the frequency converter disconnects the current flow in the output
circuit 2B by opening the IGBT transistors of the motor bridge, in which case the output circuit
2B and the earthed conducting part 3B, 3C in earth fault are de-energized.
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[0066] An earth fault occurring in the internal circuit 2A of the frequency converter, i.e. in a
subcircuit of the main circuit 2 continuing from the motor bridge 12 via the direct-current
intermediate circuit 11 and the network bridge 10 to the current sensors 9A of the input side, is
determined by measuring the currents flowing in the supply conductors of the network bridge
10 with the current sensors 9A and also by calculating the resultant of the measured currents,
i.e. the length of the sum vector of the current vectors, in the control unit 6 of the frequency
converter. A threshold value K3 is recorded in the memory of the control unit 6 of the
frequency converter, to which threshold value the calculated resultant of the currents is
compared, and the control unit 6 diagnoses that an earth fault has occurred if the calculated
resultant of the currents (which is proportional to the magnitude of the ground leakage current)
exceeds the aforementioned threshold value. The threshold value K3 of the resultant of the
currents is selected to be so small that an earth fault is detected even though the impedance
21 of the earthing conductor 5 were to limit the ground leakage current.

[0067] If the motor drive 1 of the elevator can be isolated with a contactor from the supply
panel 15, the motor drive can be completely de-energized by opening the contacts of the
contactor after an earth fault is diagnosed. In the embodiment of Fig. 1 the motor drive 1 of the
elevator is, however, implemented without contactors, in which case, when an earth fault is
diagnosed, the motor drive is completely de-energized by connecting the IGBT transistors of
the network bridge 10 to be simultaneously conductive, in which case the supply conductors
connect into short-circuit, the fuses 18 in the supply board 15 burn out and the current supply
to the motor drive 1 disconnects. Instead of a fuse, also e.g. a line protection breaker or an
automatic fuse could be used as a short-circuit protective device 18.

[0068] The control unit 6 also sends information about the electric shock hazard to the elevator
control unit 8, from where it is sent onwards to the servicing center 9 for the elevators, as
stated above. The elevator control unit 8 also removes the elevator from use, recording the
drive prevention regulation in non-volatile memory, and after this use of the elevator is
prevented on the basis of the drive prevention regulation recorded in memory.

[0069] Taking the elevator into use again requires that a serviceman resets from a manual
user interface of the elevator control unit 8 the drive prevention regulation to off on his/her visit
to the elevator.

[0070] In some embodiments the electric shock warning sent by the control unit 6 of the
frequency converter also contains information as to whether an earth fault has occurred in the
internal circuit 2A of the frequency converter or in the output circuit 2B of the frequency
converter. The information can be transmitted to a servicing center 8, and it can be used to
facilitate fault repair.

[0071] 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 applications are possible within the scope of the
invention defined by the claims.
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Patentkrav

1. Sikkerhedsanordning af en elevator, omfattende et motordrivsystem (1) af

elevatoren, der omfatter:
et hovedkredslgb (2);
en tilgeengelig ledende del (3A, 3B, 3C, 3D, 3E), der er jordet;

en isolator (4), der er indrettet til elektrisk at isolere af den ovennasvnte
ledende del (3A, 3B, 3C, 3D, 3E) fra det ovennaevnte hovedkredslgb (2);

hvor sikkerhedsanordningen af elevatoren omfatter et

overvagningskredslgb (6), der er konfigureret

til at bestemme en forstyrrelse ved jordforbindelse af det ovennavnte
hovedkredslgb og, hvis den ovennavnte forstyrrelse ved jordforbindelse er
diagnosticeret,

at danne et signal der indikerer faren for elektrochok i motordrivsystemet

(1) af elevatoren,

hvor sikkerhedsanordningen er funktionel til at danne et signal der
indikerer faren for elektrochok i motordrivsystemet (1) bade mens

elevatoren kgrer og under stilstand af elevatoren, og

hvor overvagningskredslgbet (6) er konfigureret til at anvende en anden
bestemmelsesfremgangsmade nar elevatoren kgrer end under en stilstand

af elevatoren for bestemmelse af en forstyrrelse ved jordforbindelse.

2. Sikkerhedsanordning ifglge krav 1, kendetegnet ved at
overvagningskredslgbet (6) er konfigureret til at bestemme jordlakagestrgmmen
af den ovennavnte ledende del (3A, 3B, 3C, 3D, 3E);

og ved at overvagningskredslgbet (6) er konfigureret til at bestemme en
forstyrrelse ved jordforbindelse af det ovennaevnte hovedkredslgb (2) pa basis af
jordleekagestrgmmen af den ovennaevnte ledende del (3A, 3B, 3C, 3D, 3E).
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3. Sikkerhedsanordning ifglge et hvilket som helst af de ovennaevnte krav,
kendetegnet ved at den ovennaevnte ledende del (3A, 3B, 3C, 3D, 3E) er jordet
med jordorgan (5);

ved at overvagningskredslgbet (6) omfatter en hukommelse, i hvilken
taerskelveerdien af jordlaekagestrammen af den ovennavnte ledende del (3A, 3B,
3C, 3D, 3E) optages;

og ved at den ovennavnte teerskelveerdi bestemmes i en forstyrrelse ved
jordforbindelse-situation fra styrken af strammen der stremmer via jordorganet
(5) af den ovennavnte ledende del

og ved at overvagningskredslgbet (6) er konfigureret til at diagnosticere en
forstyrrelse ved jordforbindelse i hovedkredslgbet (2) nar jordlaekagestremmen af
den ledende del (3A, 3B, 3C, 3D, 3E) overstiger taerskelvaerdien.

4. Sikkerhedsanordning ifglge et hvilket som helst af de ovennaevnte krav,
kendetegnet ved at hovedkredslgbet (2) af motordrivsystemet af elevatoren er
dannet fra mindst to underkredslgb (2A, 2B);

og ved at elevatorens motordrivsystem (1) omfatter én eller flere isolatorer (4);
der er indrettet til elektrisk at isolere én eller flere af de ovennavnte
underkredslgb fra de tilgeengelige, jordede ledende dele (3A, 3B, 3C, 3D, 3E)
motordrivsystemet af elevatoren.

5. Sikkerhedsanordning ifglge krav 4, kendetegnet ved at ¢t eller flere af de
ovennavnte underkredslgb (2A, 2B) til at veere elektrisk isolerede fra en ledende
del (3A, 3B, 3C, 3D, 3E) af motordrivsystemet er forbundet til mindst et andet
underkredslgb (2A, 2B) med én eller flere styrbare elektroniske omskiftere (14,
16), idet pol-styringen af disse omskifter(e) er forbundet til
overvagningskredsigbet (6);

og ved at overvagningskredslgbet (6) er konfigureret ved at forbinde de
ovennavnte elektronisk omskifter/elektroniske omskiftere for at bestemme en
forstyrrelse ved jordforbindelse af underkredslgbet (2A, 2B) til at vaere elektrisk
isoleret fra den ovennaevnte ledende del (3A, 3B, 3C, 3D, 3E) der sker via den
ovennavnte jordede ledende del (3A, 3B, 3C, 3D, 3E).

6. Sikkerhedsanordning ifglge et hvilket som helst af kravene 1 til 3,
kendetegnet ved at elevatorens motordrivsystem (1) omfatter en elektromotor
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(7) og 0gsa en frekvensomformer, med hvilken elektromotoren (7) styres;

og ved at frekvensomformeren omfatter en netvaerksbro (10) der skal vaere
forbundet til en stramforsyningskilde (15), en motorbro (12) der skal vaere
forbundet til en elektromotor (7), og 0gsa et jeevnstrgmsmellemkredslgb (11) der

forbinder netvaerksbroen og motorbroen.

7. Sikkerhedsanordning ifglge krav 6, kendetegnet ved at motorbroen (12)
omfatter styrbare elektroniske omskiftere (14) til at tilfgre elektrisk energi fra
jeevnstrgmsmellemkredsigbet (11) til elektromotoren (7), nar der kgres med
elektromotoren (7) og ogsa fra elektromotoren (7) til
jeevnstrgmsmellemkredslgbet (1) nar der bremses med elektromotoren (7);

og ved at motordrivsystemet (1) omfatter en isolator (4), der er indrettet til
elektrisk at isolere en tilgeengelig, jordet ledende del (3A, 3B, 3C, 3D, 3E) af
motordrivsystemet af elevatoren fra et output-kredslgb (2B) af
frekvensomformeren, der er dannet fra et underkredslgb af hovedkredsigbet (2)
motordrivsystemet, der fortsaetter fra motorbroen (12) til elektromotoren (7);

og ved at overvagningskredslgbet (6) er konfigureret til at bestemme en
forstyrrelse ved jordforbindelse af frekvensomformerens output-kredslgb (2B) ved
at forbinde motorbroens elektroniske omskiftere (14) med en omskifterinstruktion

ifglge bestemmelsesfremgangsméaden for en forstyrrelse ved jordforbindelse.

8. Sikkerhedsanordning ifglge et hvilket som helst af kravene 1 til 3,
kendetegnet ved at afbrydelsesorganer (14, 16) er fastgjort i forbindelse med
overvagningskredslgbet (6) til afbrydelse af strammen i hovedkredslgbet (2) af
elevatorens motordrivsystem;

og ved at overvagningskredsigbet (6) er konfigureret til at afbryde strgmmen i
hovedkredslgbet (2) ndr en forstyrrelse ved jordforbindelse er diagnosticeret.

9. Sikkerhedsanordning ifglge krav 8, kendetegnet ved at elevatorens
motordrivsystem omfatter en isolator, der er indrettet til elektrisk at isolere en
tilgengelig, jordet ledende del (3A, 3B, 3C, 3D, 3E) af motordrivsystemet fra et
indre kredslgb (2A) af frekvensomformeren, hvilket indre kredslgb er dannet fra et
underkredslgb af hovedkredslgbet af motordrivsystemet som fortsaetter fra
motorbroen via jeevnstrgmsmellemkredslgbet og netvaerksbroen til

forsyningslederne af stramforsyningskilden;
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og ved at overvagningskredslgbet (6) er konfigureret til at bestemme en
forstyrrelse ved jordforbindelse af det indre kredslgb (2A) af frekvensomformeren;
og ved at overvagningskredslgbet (6) er konfigureret nar der diagnosticeres en
forstyrrelse ved jordforbindelse i det indre kredslgb (2A) til at afbryde
elektricitetsforsyningen fra forsyningskilden (15) til det indre kredslgb (2A) af

frekvensomformeren.

10. Sikkerhedsanordning ifglge krav 9, kendetegnet ved at netvaerksbroen (10)
omfatter styrbare elektroniske omskiftere (16) til tilfgrsel af elektrisk energi
mellem forsyningskilden (15) og jeevnstremsmellemkredslgbet (11);

ved at sikkerhedsanordningen omfatter en kortslutnings-beskyttelsesindretning
(18), der er fastgjort i serie mellem forsyningskilden (15) og netvaerksbroen (10);
og ved at overvagningskredslgbet (6) er konfigureret til at afbryde
elektricitetsforsyningen fra forsyningskilden (15) til det indre kredslgb (2A) ved
udkobling af kortslutnings-beskyttelsesindretningen (18) ved at styre de
elektroniske omskiftere (16) i de forskellige faser af netvasrksbroen (10) til at
veere samtidigt ledende.

11. Sikkerhedsanordning ifglge et hvilket som helst af de ovennaevnte krav,
kendetegnet ved at overvagningskredslgbet omfatter et wattmeter til at male
energien der kommer ind i hovedkredslgbets (2) af motordrivsystemet og ogsa
energien der forlader hovedkredslgbet (2);

og ved at overvagningskredslgbet er konfigureret til at bestemme en forstyrrelse
ved jordforbindelse af hovedkredslgbet (2) af motordrivsystemet af elevatoren
som sker via en jordet ledende del (3A, 3B, 3C, 3D, 3E) af motordrivsystemet af
elevatoren fra forskellen mellem energien der kommer ind i hovedkredslgbet (2)
og energien der forlader hovedkredslgbet (2).

12. Elevatorsystem, der omfatter et motordrivsystem til at drive en elevatorstol,
kendetegnet ved at clevatorsystemet omfatter en sikkerhedsanordning ifglge et
hvilket som helst af kravene 1 - 11 til overvagning af den elektriske sikkerhed af

en elevator.

13. Elevatorsystem ifglge krav 12, kendetegnet ved at sikkerhedsanordningen
omfatter et drivforhindringsapparat (8, 13) forbundet til overvagningskredslgbet
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(6), hvilket apparat er konfigureret til fjerne elevatoren fra brug nar en
forstyrrelse ved jordforbindelse diagnosticeres.

14. Elevatorsystem ifglge krav 12 or 13, kendetegnet ved at elevatorsystemet
er udstyret til at sende et signal der indikerer faren for elektrochok i
motordrivsystemet (1) til et servicecenter (9) via en fjernforbindelse.

15. Elevatorsystem ifglge et hvilket som helst af kravene 12 - 14, kendetegnet
ved at elevatorsystemet er et elevatorsystem uden maskinrum;

og ved at elevatorens forsyningspanel (15) er anbragt udenfor elevatorskakten;
og ved at motordrivsystemet (1) af elevatoren er anbragt i elevatorskakten.

16. Elevatorsystem ifglge krav 15, kendetegnet ved at den ovennavnte
tilgengelige ledende del (3A, 3B, 3C, 3D, 3E) af motordrivsystemet (1) kun er
jordet med jordelektroder i elevatorens forsyningspanel (15).

17. Sikkerhedsanordning ifglge et hvilket som helst af kravene 6 til 11,
kendetegnet ved at frekvensomformeren til at drive elektromotoren (7)
omfatter

den ledende del (3A, 3E) der skal jordes;

hovedkredslgbet (2), der omfatter:

netvaerksbroen (10);
jeevnstremmellemkredslgbet (11);
motorbroen (12);

en tilslutning til elektromotoren (7);

en tilslutning til stremforsyningskilden (15);

isolatoren (4), der er indrettet til elektrisk at isolere den ovennavnte
ledende del (3A, 3E) til at blive jordet fra det ovennaevnte hovedkredslgb

(2); og

overvagningskredslgbet (6), der er konfigureret
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til at bestemme en forstyrrelse ved jordforbindelse af det ovennaevnte
hovedkredslgb (2) og, hvis den ovennavnte forstyrrelse ved

jordforbindelse er diagnosticeret,

til at danne et signal der indikerer faren for elektrochok.

18. Fremgangsmade til overvdgning af elektrisk sikkerhed i et elevatorsystem
ifglge et hvilket som helst af kravene 12 til 16, kendetegnet ved at:

- den tilgaengelige ledende del (3A, 3B, 3C, 3D, 3E) af elevatorens
motordrivsystem er jordet med jordingsorgan (5);

- den ovennavnte ledende del (3A, 3B, 3C, 3D, 3E) er elektrisk isoleret fra
hovedkredslgbet (2) af motordrivsystemet af elevatoren med en isolator

(4);

- en forstyrrelse ved jordforbindelse af det ovennavnte hovedkredsiagb (2)
er bestemt, og hvis den ovennavnte forstyrrelse ved jordforbindelse er

diagnosticeret;

- dannes et signal der indikerer faren for elektrochok i motordrivsystemet.
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