wo 2009/013388 A1 |00 00 OO0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED

(19) World Intellectual Property Organization Vd”Ij

International Bureau

(43) International Publication Date
29 January 2009 (29.01.2009)

UNDER THE PATENT COOPERATION TREATY (PCT)

) IO O T OO OO

(10) International Publication Number

WO 2009/013388 Al

(51) International Patent Classification:
HO2P 3/16 (2006.01) B66B 5/02 (2006.01)
HO2P 3/26 (2006.01)

(21) International Application Number:
PCT/FI2008/000083

(22) International Filing Date: 14 July 2008 (14.07.2008)

(25) Filing Language: Finnish

(26) Publication Language: English
(30) Priority Data:

20070571 26 July 2007 (26.07.2007) FI

(71) Applicant (for all designated States except US): KONE
CORPORATION [FI/FI]; Kartanontie 1, F-00330
Helsinki (FI).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SYRMAN, Timo
[FI/FI]; Pihalammmentie 4, FI-054 60 Hyvinkdd (FD).
KATTAINEN, Ari [FI/FI]; Tiilitehtaantie 9, FI-5830

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, 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,
1L, 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, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

Hyvinka (FD). —  with international search report
—  before the expiration of the time limit for amending the
(74) Agent: KONE CORPORATION; Patent Department, claims and to be republished in the event of receipt of
P.O. Box 677, FIN-05801 Hyvinké&i (FI). amendments
(54) Title: ELECTRIC MOTOR DRIVE
r"/1
—— r
19
4 e stk
Linnn Cﬁ)ﬂ?ﬁhf o ”f_g 2
RRH T RS,
v 7 ol
B D
vt
AU
=
a/’i, 3 /H
3 2
3/\/ 3 3
:
|

FIG.1

(57) Abstract: The invention relates to a switch arrangement of an electric motor drive (1 ). The electric motor drive comprises
safety switches (3) determined by the safety of the drive, a controlled mechanical brake (4), a power supply circuit (5) of the brake
control, a power transformer (6), which power transformer comprises a network rectifier (7) and a power rectifier (8) of the motor.
The power rectifier of the motor is at least partly implemented with controlled semiconductor switches (9, 10) arranged into a bridge.
The power transformer comprises an intermediate circuit (11, 12) between the network rectifier and the power rectifier of the motor.
The switch arrangement comprises normally-open switches (13, 14) in the intermediate circuit of the power transformer (6).



10

15

20

WO 2009/013388 PCT/F12008/000088

ELECTRIC MOTOR DRIVE

Field of the invention

The object of the invention is an electric motor drive as defined in the preamble

of claim 1.

Prior art

With an electric motor drive, power is supplied between a power source, such
as a network voltage supply, and an electric motor. A frequency converter, for
example, with which the flow of power to the motor is controlled, is used for the
power supply. The power supply to the motor is disconnected usually with
contactors connected in series between the frequency converter and the
network voltage supply. The safety of the electric motor drive necessitates
disconnection of the power supply at all poles. For example, a contactor
containing three disconnecting switches is thus needed for disconnection of all

the phases in the case of a three-phase network.

Purpose of the invention

The purpose of the invention is to disclose a switch arrangement of an electric
motor drive, in which the number of switches needed is smaller than in prior art.
The purpose of the invention is also to disclose a switch arrangement, in which
in particular the switches disconnecting the intermediate circuit are arranged to
open when de-energized, in which case the lifetime of the switches lengthens
and smaller switches can be used. The invention also contains the concept of
disconnecting the flow of current between the power source and the motor with
two different methods, in which case the flow of current creating torque on the

motor disconnects reliably also in a fault situation.
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Characteristic features of the invention

The electric motor drive according to the invention is characterized by what is
disclosed in the characterization part of claim 1. Other features of the invention
are characterized by what is disclosed in the other claims. Some inventive
embodiments are also discussed in the descriptive section of the present
application. The inventive content of the application can also be defined
differently than in the claims presented below. The inventive content may also
consist of several separate inventions, especially if the invention is considered
in the light of expressions or implicit sub-tasks or from the point of view of
advantages or categories of advantages achieved. In this case, some of the
attributes contained in the claims below may be superfluous from the point of

view of separate inventive concepts.

The electric motor drive according to the invention for using an AC or a DC
electric motor comprises safety switches determined by the safety of the electric
motor drive, a controlled mechanical brake, as well as a power supply circuit of
the brake control, a power converter, which power converter comprises a
network rectifier and a power rectifier of the motor, which power rectifier of the
motor is at least partly implemented with controlled semiconductor switches
arranged into a bridge. The power converter comprises an intermediate circuit
between the network rectifier and the power rectifier of the motor. The electric
motor drive comprises a switch arrangement, which switch arrangement
comprises normally-open switches in the intermediate circuit of the power
converter, of which the first switch is connected in series to the positive
intermediate circuit busbar between the output of the network rectifier and the
input of the power rectifier of the motor, and the second switch is connected in
series to the negative intermediate circuit busbar between the output of the
network rectifier and the input of the power rectifier of the motor. One power
rectifier of the motor according to the invention comprises a quick-stop switch

as well as an amplifier circuit connected to the control pole of the controlled
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semiconductor switch, the electricity supply of which is arranged to occur via the
aforementioned quick-stop switch. The semiconductor switch is in this case
fitted to switch into a conductive state when the amplifier circuit is in a controlled
active state. The amplifier circuit supplied via the aforementioned quick-stop
switch is fitted alternatively either in connection with the controlled
semiconductor switches connected to the positive intermediate circuit busbar, in
connection with the controlled semiconductor switches connected to the
negative intermediate circuit busbar or in connection with the controlled
semiconductor switches connected to both the positive and the negative

intermediate circuit busbar.

A normally-open switch means in this context a switch, the active control of
which closes the poles of the switch, allowing a current flow through the switch.
This kind of switch can be, for instance, a contactor containing a control coil.
The contactor is controlled by supplying current to the control coil, in which case
the normaliy-open switches close. If the control of the aforementioned normally-
open switches is disconnected, the switches open, in which case the
intermediate circuit is disconnected. Since these switches are fitted both to the
positive and to the negative intermediate circuit busbar, the intermediate circuit

is disconnected at all poles.

A machinery brake engaging on, for instance, the stator of the motor or on the
traction sheave, can function as the controlied mechanical brake of the electric
motor drive. Also, e.g. in elevator use, a car brake that engages on the guide
rail of the elevator car can also function as the brake. The electric motor drive

‘can also contain both the aforementioned brakes.

A power converter refers to an appliance that supplies power between a power
source and an electric motor. This kind of power converter is e.g. a frequency
converter, when an inverter rectifier is the power converter of the motor, with
which AC voltage or AC current is supplied to an AC electric motor. A DC

electric motor can also be used as an electric motor, in which case for instance
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an H-bridge circuit is the power rectifier of the motor, with which DC voltage or

DC current is supplied to the electric motor.

The network rectifier according to the invention can be e.g. a DC rectifier
implemented as a diode bridge, in which case a flow of current is possible only
from the power source towards the electric motor. The network rectifier can also
be a network inverter rectifier comprising controlled switches, in which case a
flow of current is possible in both directions between the power source and the

electric motor.

One switch arrangement according to the invention comprises normally-closed
switches, which normally-closed switches are connected in parallel between the

phases of the motor.

A normally-closed switch means in this context a switch, the active control of
which opens the poles of the switch, preventing the flow of current through the
switch. If the control of the aforementioned normally-closed switches is
disconnected, the switches close and the phases of the motor are connected
into a short-circuit. If in this case the motor starts to move, the source voltage
induced in the stator windings short-circuits via the switches connected in
parallel and produces a current that brakes the motor. This is called dynamic
braking. If the electric motor is a DC electric motor, one normally-closed switch
fitted between the poles of the stator is sufficient to short-circuit the poles of the

stator.

One power converter according to the invention is a frequency converter, in
which case the power rectifier of the motor is an inverter rectifier. The frequency
converter comprises in this case a network rectifier, an inverter rectifier and an

intermediate circuit between these.

One power rectifier of the motor according to the invention comprises a quick-
stop switch, as well as an amplifier circuit, the electricity supply of which is

arranged to occur via the aforementioned quick-stop switch, connected to the
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control pole of the controlled semiconductor switch. In this case the
semiconductor switch is fitted to switch into a conductive state when the
amplifier circuit is in a controlled active state. The amplifier circuit supplied via
the aforementioned quick-stop switch is in this case fitted alternatively either in
connection with the controlled semiconductor switches connected to the positive
intermediate circuit busbar, in connection with the controlled semiconductor
switches connected to the negative intermediate circuit busbar or in connection
with the controlled semiconductor swiiches connected both to the positive and

the negative intermediate circuit busbar.

If the quick-stop switch is disposed e.g. in connection with the controlled
semiconductor switches connected to only the positive intermediate circuit
busbar, it is possible to control the controlied semiconductor switches
connected to the negative intermediate circuit busbar simultaneously into a
conductive state, in which case there is the possibility of preventing power
supply from the power source to the electric motor with the switches connected
to the positive intermediate circuit busbar, and it is possible with the switches
connected to the negative intermediate circuit busbar to simultaneously achieve

dynamic braking occurring via the controlled semiconductor switches.

One power converter according to the invention comprises measurement of the
status of the safety switch, measurement of the status of the quick-stop switch,
a control of the semiconductor switches of the power rectifier of the motor, a
control of the normally—bpen switches fitted to the intermediate circuit as well as
possibly a measurement of the intermediate circuit current. In this embodiment
of the invention the power converter is fitted to disconnect control of the
aforementioned normally-open switches fitted to the intermediate circuit when at
least one of the following conditions is fulfilled: measurement of the status of the
quick-stop switch indicates that the switch has opened; measurement of the
intermediate circuit current indicates that the absolute vaiue of the intermediate
circuit current has decreased to below the pre-defined limit value of current;
measurement of the status of the safety switch of the electric motor drive
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indicates that the safety switch has opened; the power converter has
disconnected current in the power rectifier of the motor with the control of the

semiconductor switches of the power reciifier.

In one electric motor drive according to the invention the power rectifier of the
motor comprises a switch that permits starting and the power converter
comprises measurement of the status of the switch that permits starting. The
power converter is in this case fitted to start the supply of current to the electric
motor by controlling the semiconductor switches of the power rectifier of the
motor on the basis of the measurement of the status of the switch that permits

starting.

In one electric motor drive according to the invention the power supply circuit of
the brake control comprises a DC inverter, in the input of which is a power
source and to the output of which is fitted the coil of a mechanical brake. In this
case at least one controlled brake control switch is connected in series to the
power supply circuit of the brake control. In this embodiment of the invention the
power converter comprises the control of the aforementioned controlled brake
control switch, and the power converter is fitted to read the status of at least one
safety switch and to control on the basis of the switch read the aforementioned

controlled brake control switch.

In one electric motor drive according to the invention the aforementioned
normally-open switches fitted to the intermediate circuit, the normally-closed
switches fitted between the phases of the motor, the brake control switches, the
switch that permits starting as well as the quick-stop switch form one or more
switch modules, such as relay modules or contactor modules, of which each
switch module has a common control coil. The switches of the switch module
are in this case fitted to open or to close according to the control of the

aforementioned common control coil.

In one embodiment of the invention at least the normally-closed switches fitted
between the phases of the motor, the normally-open switches fitted to the
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intermediate circuit, the switch that permits starting and the brake control switch

belong to the same switch module.

In one electric motor drive according to the invention the power converter
comprises the control of the switch module, and the power converter is fitted to
read the status of at least one safety switch and to control at least one control
coil of the switch module on the basis of the status of the safety switch.

One electric motor drive according to the invention comprises a delay circuit. In
this embodiment of the invention at least two safety switches are connected in
series, the control coil of the quick-stop switch is connected directly to the serial
circuit of the safety switches, and the swiich module containing the normally-
closed switches fitted between the phases of the motor, the normally-open
switches fitted to the intermediate circuit, the switch that permits starting as well

as the brake control switch is controlled via the delay circuit.

The electric motor drive according to the invention is preferably the motor drive
of some transport system, such as an elevator motor drive, a crane drive, an

escalator drive or a travelator drive.

Advantages of the invention

With the invention at least one of the following advantages is achieved:

- When the switches that close the intermediate circuit as well as the
switches that open the phases of the motor are fitted into the main circuit
of the power converter as described in the invention, the number of
switches needed decreases compared to the situation in which the
switches disconnecting the main circuit are disposed on the network
side, between the network supply and the network rectifier. In this case it
is possible to manage with a smaller number of switches / switch
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modules, which simplifies the electric motor drive, increases reliability

and reduces costs.

When the motor current is disconnecied in the power rectifier of the
motor with the quick-stop switch before disconnection of the control of
the normally-open switches fitted to the intermediate circuit of the power
converter, these normally-open switches do not need to disconnect the
motor current when they open, which increases the lifetime of the
switches. In this case it is also possible to manage with normally-open
switches that are smaller in their dimensions and cheaper. For example,
the dimensioning of contactors and relays is affected to a significant
extent by their capability of disconnecting the DC intermediate circuit
current. Reduction of the size of the swiiches is useful especially in the
motor drives of transport systems, such as in elevator drives, in which a
part of the motor drive can be disposed in the elevator shaft or in
connection with the landing door, in which case a large size of the drive
would be a problem. For example the aim in modern elevator systems
without machine rooms is to reduce the size of the electric motor drive.

When the current paths in both the positive and the negative
intermediate circuit busbars are disconnected with normally-open
switches as described in the invention, the power rectifier of the motor
and the electric motor consecutive to it become isolated from the power
source at all the poles, which is a requirement in particular for the electric
motor drives of transport systems. In transport systems it must be
possible in a fault situation to ensure disconnection of the power flow
from the power source to the motor moving the transport appliance. At
the same time the risk of ground contact in the main circuit of the power

rectifier of the motor and of the motor decreases.

The normally-closed switches connected in parallel between the phases
of the motor form a current path during dynamic braking of the electric

motor. With dynamic braking it is ensured that the speed of the transport
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appliance does not start to accelerate out of control e.g. in a situation
when the mechanical brake is opened manually. If the excitation of the
electric motor is effected with permanent magnets, dynamic braking also
works in a situation where the power supply to the electric motor drive is

disconnected.

When the brake control switch is fitted into the same switch module with
the normally-open switches fitted to the intermediate circuit that
disconnect the electricity supply of the main circuit of the power
converter, it is possible to disconnect the power supply to the electric
motor as well as to prevent movement of the electric motor with a
mechanical brake with the same control, which simplifies the safety-
critical control of the electric motor drive, in which case the reliability of

this safety-critical control improves.

Since the switch that permits the starting of the power rectifier of the
motor is disposed in the same switch module with the normally-open
switches that disconnect the electricity supply of the main circuit, it is
possible to ensure by measuring the status of the switch that permits
starting that the main circuit has closed before starting to supply power to
the electric motor.

When the quick-stop switch and the normally-open switches fitted to the
intermediate circuit are in different switch modules, and thus possess
separate, independent controls, the safety of the electric motor drive
improves, because malfunction of an individual switch / switch module or
of a control of it will still not prevent disconnection of the power supply of
the electric motor.

Presentation of drawings

Fig. 1 presents an electric motor drive of an elevator system

according to the invention
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10
Fig. 2 presents an inverter rectifier according to the invention
Fig. 3 presents a detail in one inverter rectifier according to

the invention

Fig. 4 presents a detail of the kind of electrification of an
elevator system, which contains an electric motor drive

according to the invention

Embodiments

In the following the invention will be illustrated with the aid of embodiments that

apply to an electric motor drive of an elevator system.

Fig. 1 presents an electric motor drive of an elevator system according to the
invention. In the electric motor drive 1 the electric motor 2, which moves the
elevator car 31 in the elevator shaft 33, is controlled. The movement of the
elevator car in the elevator shaft can be stopped with mechanical stopping
appliances, such as with a machinery brake 4 or a car brake (not in diagram).
The machinery brake is controlled by supplying current to the control winding of
the machinery brake with a power supply circuit 5. Safety switches 3 are
disposed in the points that are important from the standpoint of the safety of the
elevator system. These points are e.g. the landing doors as well as the end
limits at the top end and bottom end of the elevator shaft. The electric motor is
controlled with a frequency converter 6. The three-phase network voltage 30 is
rectified with a network inverter rectifier 7 to the intermediate circuit of the
frequency converter, which comprises a positive intermediate circuit busbar 11
and a negative intermediate circuit busbar 12. The rectified intermediate circuit
voltage is transformed into variable-amplitude and variable-frequency voltage
the phases of the electric motor with the inverter rectifier 8. The power supply
from the network 30 to the electric motor 2 can be disconnected with the

normally-open switches 13, 14 connected in series to the positive and the
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negative intermediate circuit busbar. The phases of the motor can be short-
circuited for dynamic braking with the normally-closed switches 15 connected in

parallel with the phases.

The frequency converter reads the status of the serial circuit 34 of the safety
switches 3. On the basis of the status the frequency converter deduces the
operating status of the elevator system, and if necessary disconnects the power
supply to the motor 2 by disconnecting the control of the normally-open
switches 13, 14 fitted to the intermediate circuit, in which case the switches
open. In addition the frequency converter can interrupt the power supply to the
motor by interrupting current supply to the inverter rectifier 8. Furthermore the
frequency converter can disconnect the power supply to the machinery brake
and/or the car brake by opening the power supply circuit 5 of the brake.

The safety switches 3 are here connected in series, in which case the
connection interface to the frequency converter is as simple as possible, but the
safety switches can also be read separately, e.g. by leading the safety switches
to be read directly to the frequency converter or by reading the status of the
switches via a separate serial communications bus.

Fig. 2 presents an inverter rectifier according to the invention. The inverter
rectifier comprises switches connected in series by pairs, which are in this case
IGBT transistors. Antiparalle! diodes are connected in parallel with the switches,
which prevent power supply from the DC intermediate circuit to the electric

motor when the IGBT transistors are not controlled.

Fig. 3 presents a detail of the inverter rectifier according to Fig. 2. An amplifier
circuit 17 is fitted in connection with the control pole of the IGBT transistor 9, 10.
Electricity is supplied to the amplifier circuit from the voltage source 18 via the
quick-stop switch 16 such that the electricity supply of the amplifier disconnects
when the quick-stop switch 16 opens. The quick-stop switch is a normally-open
switch, so that the switch opens when its control is disconnected. The IGBT
transistors 9, 10 are controlled with the control 20 of the frequency converter
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such that the amplifier circuit is controlied with the control signal 21, which in
turn controls the IGBT transistor into a conductive state when the gate of the
IGBT transistor in the output of the amplifier circuit 17 has the positive voltage
of the voltage source 18, typically 15 volts with respect fo the emitter of the
IGBT transistor, and also controls the |IGBT transistor into a non-conductive
state when the gate of the IGBT transistor in the output of the amplifier circuit 17
has the negative voltage of the voltage source 18, typically —5 volts with respect
to the emitter of the IGBT ftransistor. The amplifier circuit is said to be in a
controlled active state when the quick-stop switch 16 is closed, enabling power
supply to the amplifier circuit 17, and simultaneously the positive voltage of the
voltage source 18 is in the output of the amplifier circuit 17 and on the gate of
the IGBT transistor, in other words the power supply occurring via the amplifier
circuit enables switching of the IGBT transistor into a conductive state.

Fig. 4 presents a detail of the electrification of an elevator system, when an
electric motor drive according to the invention is fitted o an elevator system.
The normally-closed switches 15 connected in parallel with the phases of the
motor, the switch 23 that permits starting (main contactor picked) and also the
brake control switch 25 are fitted into the same contactor module 26 with the
normally-open switches 13, 14 fitted to the intermediate circuit. The quick-stop
switch 16 (PWM enable) is in a separate relay module. The switch 28 of the
delay circuit is in the same switch module with the quick-stop switch 16. When
current starts to be supplied to the control coil 29 of the relay module
comprising the quick-stop switch via the serial connection 3 of the safety
switches, the quick-stop switc‘h 16 as well as the switch 28 of the delay circuit
close. In this case the coil 27 of the contactor module 26 functioning as a delay
circuit receives a control, and the normally-open switches 13, 14 fitted to the
intermediate circuit close and also the normally-closed switches 15 fitted
between the phases of the motor open, and at the same time the switch 23 that
permits starting and the brake control switch 25 close. The frequency converter

receives information about the closing of its power supply circuit by reading the
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status of the switch 23 that permits starting. After this the frequency converter
can start to control the electric motor 2 by controlling the inverter rectifier 8 as
well as by controlling the second brake control switch 25, in which case the

brake 4 opens.

If any of the safety switches 3 connected in series opens, the current supply to
the control coil of the relay module of the quick-stop switch 16 disconnects, in
which case first the quick-stop switch 16 and the switch 28 of the delay circuit
open. At the same time control of the switches of the inverter' rectifier 8 is
prevented and the current supply to the motor is disconnected. Opening of the
switch 28 of the delay circuit causes disconnection of the current supply of the
control coil of the contactor module 26, in which case the normally-open
switches fitted to the intermediate circuit open as they are de-energized,
simultaneously the normally-closed switches connected in parallel between the
phases of the motor short-circuit the de-energized phases of the motor. Further,
the switch 23 that permits starting opens, at the same time the brake control
switch 25 incorporated in the contactor module opens, in which case the brake

4 switches on.

The present invention is further described by the aid of a few examples of its
embodiment. It is however obvious to the person skilled in the art that the
invention is not limited to the embodiments described above, but that many
adaptations and different embodiments of the invention are possible within the

scope of the inventive concept defined by the claims presented below.
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CLAIMS

Electric motor drive (1) for using an AC electric motor or a DC electric

motor (2), which electric motor drive comprises
safety switches (3) determined by the safety of the electric motor drive,

a controlled mechanical brake (4), as well as a power supply circuit (5) of

the brake control,

a power converter (6), which power converter comprises a network
rectifier (7) and a power rectifier (8) of the motor, which power rectifier of
the motor is at least partly implemented with controlled semiconductor

switches (9, 10) arranged into a bridge,

which power converter comprises an intermediate circuit (11,12) between

the network rectifier and the power rectifier of the motor,

and which electric motor drive comprises a switch arrangement, which
switch arrangement comprises normally-open switches (13, 14) in the
intermediate circuit of the power converter, of which the first switch (13)
is connected in series to the positive intermediate circuit busbar (11)
between the output of the network rectifier and the input of the power
rectifier of the motor, and the second switch (14) is connected in series to
the negative intermediate circuit busbar (12) between the output of the
network rectifier and the input of the power rectifier of the motor

characterized in that the power rectifier (8) of the motor comprises:

a quick-stop switch (16), and

an amplifier circuit (17) connected to the control pole of the controlled
semiconductor switch, the electricity supply (18) of which is arranged to
occur via the aforementioned quick-stop switch (16),
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and in that the semiconductor switch (9, 10) is fitted to switch into a
conductive state when the amplifier circuit (17) is in a controlled active
state, and in that the amplifier circuit supplied via the aforementioned
quick-stop switch is fitted alternatively either in connection with the
controlled semiconductor switches connected to the positive intermediate
circuit busbar (9), in connection with the controlled semiconductor
switches connected to the negative intermediate circuit busbar (10) or in
connection with the controlled semiconductor switches connected to both
the positive and the negative intermediate circuit busbar (9, 10).

. Electric motor drive according to claim 1, characterized in that the

switch arrangement of the electric motor drive comprises:

normally-closed switches (15), which normally-closed switches are
connected in parallel between the phases of the motor (2)

. Electric motor drive according to claim 1 or 2, characterized in that the

aforementioned power converter (6) is a frequency converter and in that
the aforementioned power rectifier (8) of the motor is an inverter rectifier,
and in that the frequency converter comprises a network rectifier (7), an
inverter rectifier (8) and an intermediate circuit (11, 12) between these.

. Electric motor drive according to any of the preceding claims,

characterized in that the power rectifier (6) comprises measurement of
the status of the safety switch (3), measurement of the status of the
quick-stop switch (16), a control (20) of the semiconductor switches of
the power rectifier (8) of the motor, a control of the normally-open
switches (13, 14) fitted to the intermediate circuit as well as possibly a
measurement (19) of the intermediate circuit current, and in that the
power converter is fitted to disconnect control of the aforementioned
normally-open switches fitted to the intermediate circuit when at least

one of the following conditions is fulfilled:
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measurement of the status of the quick-stop switch (16) indicates that the

switch has opened,

measurement (19) of the intermediate circuit current indicates that the
absolute value of the intermediate circuit current has decreased to below

the pre-defined limit value of current

measurement of the status of the safety switch (3) of the electric motor

drive indicates that the safety switch has opened

the power converter (6) has disconnected current in the power rectifier
(8) of the motor with the control (20) of the semiconductor switches (9,

10) of the power rectifier.

Electric motor drive according to any of the preceding claims,
characterized in that the power rectifier (8) of the motor comprises a
switch (23) that permits starting, the power converter (6) comprises
measurement of the status of the switch that permits starting, and in that
the power converter is fitted to start the supply of current to the electric
motor with by controlling the semiconductor switches of the power
rectifier of the motor on the basis of the measurement of the status of the
switch (23) that permits starting.

Electric motor drive according to any of the preceding claims,
characterized in that the power supply circuit (5) of the brake control
comprises a DC rectifier (24), in the input of which is a power source and
to the output of which is fitted the coil of a mechanical brake (4), and in
that at least one controlled brake control switch (25) is connected in
series to the power supply circuit of the brake control, the power
converter comprises a control of the aforementioned controlled brake
control switch and in that the power converter is fitted to read the status
of at least one safety switch (3) and on the basis of the switch read to

control the aforementioned controlled brake control switch (25).
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. Electric motor drive according to any of the preceding claims,

characterized in that the aforementioned normally-open switches (13,
14) fitted to the intermediate circuit, the normally-closed switches (15)
fitted between the phases of the motor, the brake control switches (25),
the switch (23) that permits starting as well as the quick-stop switch (16)
form one or more switch modules, such as relay modules or contactor
modules (26), of which each switch module has a common control coil
(27), and in that the switches of the switch module are fitted to open or to
close according to the control of the aforementioned common control

coil.

. Electric motor drive according to claim 7, characterized in that at least

the normally-closed switches (15) fitted between the phases of the motor,
the normally-open switches (13, 14) fitted to the intermediate circuit, the
switch (23) that permits starting and the brake control switch (25) belong
to the same switch module (26).

. Electric motor drive according to claim 7 or 8, characterized in that the

power converter comprises a control of the switch module and in that the
power converter is fitted to read the status of at least one safety switch
(3) and to control at least one control coil (27) of the switch module on

the basis of the status of the safety switch.

10. Electric motor drive according to claim 7 or 8, characterized in that the

electric motor drive comprises a delay circuit (28, 29), at least two safety
switches (3) are connected in series, the control coil (29) of the quick-
stop switch is connected directly to the serial circuit of the safety
switches and in that the switch module (26) containing the normally-
closed switches (15) fitted between the phases of the motor, the
normally-open switches (13, 14) fitted to the intermediate circuit, the
switch (23) that permits starting as well as the brake control switch (25) is
controlled via the delay circuit (28, 29).
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11.Electric motor drive according to any of the preceding claims,

characterized in that the aforementioned drive is an elevator motor
drive.
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