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Description

Field of the invention

[0001] The invention relates to braking apparatus for
hoisting machines.

Background of the invention

[0002] The braking device generally used e.g. in an
elevator hoisting machine is a machine brake which me-
chanically engages a rotating part of the hoisting ma-
chine. The machine brake may be constructed e.g. as a
drum brake or a disc brake. The braking function of the
machine brake is activated when the supply of power to
the electromagnet of the brake is interrupted e.g. by
means of a relay or contactor. The relay/contactor which
interrupts the supply of power to the electromagnet of
the brake is usually of a type that only remains in the
conducting state for as long as power is being supplied
to the control terminal of the relay / contactor. Supply of
power to the control terminal takes place via the elevator
safety circuit and is interrupted when the safety circuit is
opened. When the brake is activated, a brake shoe is
pressed mechanically against a braking surface to brake
the motion of a rotating part of the hoisting machine.
[0003] As the machine brake of a hoisting machine
usually also functions as a safety device consistent with
the requirements of safety regulations, the aim is to de-
sign the machine brake / brakes in such a way that the
operation of the machine brake / brakes will not cause
any danger e.g. due to a failure situation or some other
functional irregularity. For example, the braking appara-
tus of the hoisting machine may comprise two separate
brake shoes and in conjunction with these two separate
sets of push springs to ensure that the braking power will
not be completely lost if one of the brake shoes / push
springs fails.
[0004] The safety regulations relating to the hoisting
function of an elevator have changed because new im-
plementations have become feasible due to the devel-
opment of technology and, on the other hand, e.g. also
because elevators are increasingly being constructed
without a machine room. Experts working under the ap-
plicant’s control are endeavoring to develop the braking
apparatuses of hoisting machines by analyzing possible
failure situations and improving the functioning of the
braking apparatus in different operational situations of
the elevator. Some of the issues for further development
detected as regards the operating safety of the braking
apparatus of a hoisting machine are the following:

- It is important to ensure that the braking power is
sufficient to stop the movement of the elevator car
in all operational situations, even in a situation where
the elevator car is carrying an approx. 25-percent
overload while running in the down direction. The
problem is that the braking power may gradually di-

minish e.g. due to dirt, grease or the like having got
on a brake shoe or a braking surface of the hoisting
machine.

- Especially in elevator systems without machine
room, but also in systems with machine room, care
has to be taken to ensure that a brake failure - e.g.
a fault in an electromagnet, push spring or brake
shoe of the brake - will not result in a risk to a serv-
iceman working in the elevator shaft pit or on the top
of the elevator car.

- If the brake functions correctly, the braking power
will suffice to stop a downwards moving elevator car
carrying a 25-percent overload e.g. in an emergency
stopping situation. This leads to the consequence
that an upwards moving elevator car with full load
may stop in an emergency stopping situation with a
deceleration rate even dangerously high for the pas-
senger. This deceleration problem is particularly no-
table in elevator systems without counterweight.

- Reliability of the brake control is equally important
for safe operation of the brake as reliability of the
operation of the mechanical brake components. A
control failure that prevents activation of the brake /
brakes is particularly dangerous. Therefore, any fail-
ure of the braking apparatus should always take
place in a so-called safe failure direction, so that a
failure situation always leads to activation of the
brake / brakes. It is also necessary to make sure that
a short circuit or a similar cross connection in the
brake control circuit will not prevent activation of the
brake / brakes.

[0005] The WO 2010/100316 discloses a braking ap-
paratus according to the preamble of claim 1.

Object of the invention

[0006] The object of the invention is to improve the
safety of the braking apparatus of a hoisting machine by
increasing redundancy in the braking apparatus. To
achieve this object, a braking apparatus according to
claim 1 is disclosed as an invention. Preferred embodi-
ments of the invention are described in the dependent
claims.

Brief description of the invention

[0007] The braking apparatus of the invention compris-
es one or more brakes, which have in all at least one,
most preferably at least two movable brake shoes, spring
elements for activating the brake by moving a brake shoe
forwards and at least two electromagnets which, when
magnetized by a magnetizing current, apply a force of
attraction to bodies conducting magnetic flux. The afore-
said electromagnets are fitted to release at least one
brake by pulling the aforesaid at least one brake shoe
backwards by resisting the aforesaid spring elements.
The brake is adapted to be activated by reducing the
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magnetizing current of at least one of the said electro-
magnets. The braking apparatus also comprises a power
supply circuit for the electromagnets, which contains con-
trollable devices for interruption of power supply. The
electromagnets are connected to the power supply circuit
in such a way that the supply of magnetizing current to
each electromagnet can be interrupted by means of at
least two different interrupting devices. The braking ap-
paratus further comprises a brake control unit, which con-
tains at least two control elements. A first one of the con-
trol elements is arranged to control a first interrupting
device, which can be used to interrupt the supply of mag-
netizing current to a first electromagnet, and a second
one of the control elements is arranged to control a sec-
ond interrupting device, which can be used to interrupt
the supply of magnetizing current to a second electro-
magnet. The brake control unit is thus arranged to have
redundancy with two separate control elements. The rest
of the brake control apparatus is also implemented in a
way providing redundancy. Fitted in the braking appara-
tus are at least two electromagnets so that the brake will
be activated when the magnetizing current to one of the
electromagnets is reduced sufficiently to cause the pull-
ing force of the electromagnet to fall below the pushing
force produced by the spring element / spring elements,
which is resisted by the electromagnet. The aforesaid
control elements of the brake control unit are also con-
nected to the power supply interrupting devices and thus
to the power supply of the electromagnets in a redundant
manner so that power supply to the first electromagnet
can be interrupted by the first control element and power
supply to the second electromagnet can be interrupted
by the second control element. Therefore, failure of the
first or the second control element, and likewise failure
of the first or the second interrupting device or failure of
the first or the second electromagnet will not prevent ac-
tivation of the brake, so the braking apparatus of the in-
vention is highly fail-safe.
[0008] In a preferred embodiment of the invention,
each one of the aforesaid control elements preferably
comprises a microprocessor. Said control elements are
preferably arranged to monitor the operational condition
of each other. The control elements are therefore inter-
connected in a manner allowing data transfer so as to
permit information relating to the operational condition of
the control elements, such as messages, check sums,
inquiries, and responses to inquiries made by another
control element, to be transmitted between the control
elements. For this purpose, there may be e.g. a data bus
fitted between the control elements. In an embodiment
of the invention, the control elements can mutually com-
pare information received from a third element, such as
information received from (one or more) sensors meas-
uring the motion of the hoisting machine, information re-
garding movement of the elevator car received from (one
or more) detectors measuring the motion of the elevator
car, and/or information received from an elevator safety
circuit regarding the state of the elevator safety circuit.

Based on the comparison, the first and second control
elements can also make an inference about the opera-
tional condition of other control elements / elements, in-
dependently of said other control elements / elements,
and they can also, if necessary, prevent operation of the
elevator on the basis of an inference they have made
about the operational condition of control elements / el-
ements by interrupting the supply of magnetizing current
to the electromagnet of the brake.
[0009] The aforesaid controllable power supply inter-
rupting device is preferably either a mechanical control-
lable switch, such as a relay or contactor, or an electronic
switch, such as an igbt transistor, mosfet transistor, bi-
polar transistor, thyristor, semiconductor relay or equiv-
alent. In an implementation, the first and second power
supply interrupting devices are mechanical controllable
switches and the third and fourth power supply interrupt-
ing devices are electronic switches.
[0010] In a preferred embodiment of the invention, the
braking apparatus comprises two controllable brakes,
each one of which has a brake shoe, a spring element
and an electromagnet. In this solution, a first one of the
control elements of the brake control unit is arranged to
control an interrupting device which can be used to in-
terrupt the supply of magnetizing current to the electro-
magnet of the first brake and a second one of the control
elements of the brake control unit is arranged to control
an interrupting device which can be used to interrupt the
supply of magnetizing current to the electromagnet of the
second brake. Thus, both the brake control and the equip-
ment producing the braking power are implemented in a
completely redundant manner, and consequently a sin-
gle brake fault or a fault in the brake control will not pre-
vent activation of the braking apparatus.
[0011] The inventive braking apparatus having a first
brake comprising a first electromagnet and a second
brake comprising a second electromagnet, a first inter-
rupting device is fitted to interrupt the magnetizing current
to the first electromagnet but not to the second electro-
magnet and a second interrupting device is fitted to in-
terrupt the magnetizing current to the second electro-
magnet but not to the first electromagnet. Such a solution
enables the supply of current to the electromagnets of
different brakes to be interrupted independently of the
other brake, and therefore each one of the brakes can
also be activated separately. This solution allows the op-
erational condition of each brake to be tested alternately
by releasing one of the brakes, applying a force effect to
the activated brake and measuring any slipping of the
brake. A force effect may result e.g. from the masses of
the elevator mechanics as forces of different magnitude
are acting on the suspension ropes on opposite sides of
the traction sheave of the hoisting machine. A force effect
can also be produced driving the elevator motor of the
hoisting machine against the brake. This solution also
provides the advantage that, in a given emergency stop-
ping situation, such as when an elevator car carrying a
full load is moving upwards, the braking power and there-
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fore the deceleration of the elevator car can be limited
by first activating only one of the machine brakes and
activating the other brake with a delay.
[0012] According to the invention, the power supply
circuit comprises a third controllable power supply inter-
rupting device, which is fitted to interrupt the supply of
magnetizing current to the first electromagnet but not to
the second electromagnet. Of the control elements, the
second one is arranged to control the said third power
supply interrupting device. In addition, the power supply
circuit comprises a fourth controllable power supply in-
terrupting device, which is fitted to interrupt the supply of
magnetizing current to the second electromagnet but not
to the first electromagnet. Of the control elements, the
first one is arranged to control the said fourth power sup-
ply interrupting device. Thus, the power supply interrupt-
ing equipment is implemented in a redundant manner so
that the power supply to the first and second electromag-
nets can be interrupted independently of each other and,
moreover, so that the power supply to each electromag-
net is interrupted by means of two separate interrupting
devices, while these two separate interrupting devices
are controlled via different control elements.
[0013] In an implementation, the brake control unit
comprises operational modes, at least a mode of normal
operation, a failure mode and a braking apparatus con-
dition monitoring mode, and each aforesaid control ele-
ment is arranged to change its operating program when
the operational mode of the brake control unit changes.
Each aforesaid control element preferably comprises a
microprocessor, and the brake control unit comprises
one or more memory storages, in which are stored the
software programs to be executed by the aforesaid con-
trol elements. When the operating program is changed,
program execution in the control element is preferably
changed in such manner that the value of a mode variable
used to choose the software execution mode changes.
In an implementation, in connection with the braking ap-
paratus condition monitoring mode, the first control ele-
ment is arranged to execute the operating program for
supplying magnetizing current to the first electromagnet
while the other control element is executing an operating
program in which the supply of magnetizing current to
the second electromagnet is interrupted. The brake con-
trol unit may comprise a non-volatile memory, such as a
flash eeprom memory, for storing the aforesaid mode
variable; the said non-volatile memory may also be the
same memory where the software of the control element
/ control elements is stored.
[0014] The foregoing summary as well as the addition-
al features and advantages of the invention presented
below will be better understood from the following de-
scription of the embodiments of the invention, which is
not to be considered a restriction of the field of application
of the invention.

Brief description of the figures

[0015] In the following, the invention will be described
in more detail by way of embodiment examples non-re-
strictive of the scope of the invention and by referring to
the attached drawings, wherein

Fig. 1 presents a block diagram representing a
braking apparatus according to the inven-
tion

Fig. 2a, 2b represent the circuit diagram of an elec-
tromagnet power supply circuit according
to the invention.

Detailed description of preferred embodiments of the in-
vention

[0016] Fig. 1 shows a block diagram representing a
braking apparatus according to the invention for an ele-
vator hoisting machine. The rotating part 1 of the elevator
hoisting machine comprises a traction sheave with rope
grooves for the suspension ropes (not shown in Fig. 1)
of the elevator car. The force effect produced by the hoist-
ing machine is transmitted via the suspension ropes to
the elevator car as a force moving / supporting the ele-
vator car. The braking apparatus of the hoisting machine
comprises two separate brakes 3, 4, the frame parts 28,
29 of both brakes being secured to a stationary part 2 of
the same hoisting machine. Each brake has a brake shoe
5, 6 movably attached to the stationary part 28, 29 of the
brake by means of spring plates 7,8. The spring plates
7, 8 are push springs and they apply to the brake shoe
5, 6 a force that pushes the brake shoe 5, 6 forwards
toward the braking surface of rotating part 1 of the hoist-
ing machine. The brake 3, 4 is in an activated state when
the pushing force produced by the spring plates 7, 8 is
pressing the brake shoe against the braking surface of
rotating part 1 of the hoisting machine. The frame part
28, 29 of each brake 3,4 is provided with an electromag-
net 9, 10 which is magnetized by supplying magnetizing
current from the power supply circuit 11 to the magnet-
izing coil of the electromagnet 9, 10. When magnetized
by the magnetizing current, the electromagnets 9, 10
generate a force of attraction between the frame part 28,
29 and the brake shoe 5, 6. The force of attraction is
proportional to the magnitude of the magnetizing current.
Therefore, when the magnetizing current is increased
sufficiently, the force of attraction between the frame part
and the brake shoe 5, 6 will exceed the pushing force
produced by the spring plates 7, 8 and the brake shoe
starts moving backwards toward the frame part / electro-
magnet 9, 10 by resisting the spring plates 7, 8 so that
the air gap between the electromagnet 9, 10 and the
brake shoe 5, 6 decreases. The brakes 3,4 are so de-
signed that each one of the brakes is alone capable of
sustaining an elevator car carrying a full load or even
some overload. The mechanical equipment producing
the braking power is implemented in a redundant manner
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such that a failure of one of the brakes will not in itself
lead to an actual danger situation for elevator users or
e.g. for a serviceman working in the elevator shaft.
[0017] The power supply circuit 11 for the electromag-
nets 9, 10 contains controllable switches, and the mag-
netizing coils of the electromagnets 9, 10 are so connect-
ed to the power supply circuit 11 that the supply of mag-
netizing current to each electromagnet 9, 10 can be in-
terrupted by two different switches. The switches are con-
trolled by a brake control unit 16, which comprises two
microcontrollers. The control of the switches is arranged
to be redundant by using the microcontrollers so that the
power supply to each electromagnet 9, 10 can be inter-
rupted by either microcontroller separately. If one of the
microcontrollers fails, this still does not prevent interrup-
tion of power supply to any one of the electromagnets 9,
10. Figs. 2a and 2b show in greater detail the circuit di-
agram of a power supply circuit 11 applicable for use e.
g. in the embodiment in Fig. 1 for the control of two dif-
ferent electromagnets 9, 10. The power supply circuit 11
is divided into two different figures 2a, 2b in such a way
that, for the sake of clarity, each figure 2a, 2b only shows
the circuit for a single electromagnet 9, 10. The supply
of current to the electromagnets 9, 10 is controlled by the
brake control unit 16, which comprises two microcontrol-
lers 17, 18.
[0018] The direct-voltage intermediate circuit 21, 24 of
the power supply circuit 11 for the electromagnets 9, 10
is supplied with electric power from an alternating-current
source 22, such as a transformer secondary with a pro-
tective earth connection, via a rectifier bridge 23. Fig. 2a
presents the circuit diagram of the power supply circuit
11 for the electromagnet 9 of the first brake. A first mi-
crocontroller 17 is connected to the control coil 19 of a
relay 12. The contactor of the relay 12 is connected be-
tween the positive voltage potential 21 of the direct-volt-
age intermediate circuit and a terminal of the magnetizing
coil 26 of the electromagnet 9. The contactor of the relay
12 is opened and the supply of current to the magnetizing
coil 26 of the electromagnet 9 is interrupted when the
first microcontroller 17 stops supplying current to the con-
trol coil 19 of the relay. Correspondingly, the contactor
of the relay 12 is closed, allowing current to be supplied
to the magnetizing coil 26 of the electromagnet 9, when
the first microcontroller 17 starts supplying current to the
control coil 19 of the relay. Moreover, the power supply
circuit 11 comprises an electronic switch, in this case a
mosfet transistor, connected between the other terminal
of the magnetizing coil 26 of the electromagnet 9 and the
negative voltage potential 24 of the direct-voltage inter-
mediate circuit. A second microcontroller 18 is connected
to the gate of the mosfet transistor so that the current of
the magnetizing coil 26 of the electromagnet 9 can be
regulated by the microcontroller 18. The second micro-
controller 18 sends to the gate of the mosfet transistor
control signals, preferably control signals implementing
pulse width modulation (PWM), on the basis of which the
mosfet is switched so that the current in the magnetizing

coil 26 of the electromagnet 9 is adjusted towards a de-
sired current reference. The current in the magnetizing
coil 26 of the electromagnet 9 is measured by means of
a measuring resistor 20.
[0019] Fig. 2b presents the circuit diagram of the power
supply circuit 11 for the electromagnet 10 of the second
brake. A second microcontroller 18 is connected to the
control coil 28 of a relay 13. The contactor of the relay
13 is connected between the positive voltage potential
21 of the direct-voltage intermediate circuit and a terminal
of the magnetizing coil 27 of the electromagnet 10. The
contactor of the relay 13 is opened and the supply of
current to the magnetizing coil 27 of the electromagnet
10 is interrupted when the second microcontroller 18
stops supplying current to the control coil 28 of the relay.
Correspondingly, the contactor of the relay 13 is closed,
allowing current to be supplied to the magnetizing coil 27
of the electromagnet 10, when the second microcontrol-
ler 18 starts supplying current to the control coil 28 of the
relay. Moreover, the power supply circuit 11 comprises
an electronic switch 15, in this case a mosfet transistor,
connected between the other terminal of the magnetizing
coil 27 of the electromagnet 10 and the negative voltage
potential 24 of the direct-voltage intermediate circuit. The
first microcontroller 17 is connected to the gate of the
mosfet transistor so that the current of the magnetizing
coil 27 of the electromagnet 10 can be regulated by the
first microcontroller 17. The first microcontroller 17 sends
to the gate of the mosfet transistor gate control signals,
preferably control signals implementing pulse width mod-
ulation (PWM), on the basis of which the mosfet 15 is
switched so that the current in the magnetizing coil 27 of
the electromagnet 10 is adjusted towards a desired cur-
rent reference. The current in the magnetizing coil 27 of
the electromagnet 10 is measured by means of a meas-
uring resistor 25.
[0020] By using a power supply circuit consistent with
Figs. 2a, 2b, the supply of current to the electromagnets
9, 10 of the two brakes 3,4 can be interrupted independ-
ently of the other brake, thus also allowing each brake
3, 4 to be activated separately. This solution also makes
it possible to test the operational condition of each brake
3, 4 alternately by releasing one of the brakes 3, 4 and
measuring the slip of the activated brake.
[0021] In an embodiment of the invention, the magnet-
izing coils 26, 27 of the electromagnets 9, 10 are con-
nected mutually in parallel. In this case, the power supply
circuit 11 is simplified, comprising either only the ele-
ments according to Fig. 2a or only the elements according
to Fig. 2b. However, in this embodiment the brakes 3, 4
can not be controlled independently of each other, nor
can the brakes 3,4 be e.g. released or activated sepa-
rately.
[0022] It is obvious to a person skilled in the art that
different embodiments of the invention are not exclusive-
ly restricted to the examples described in the foregoing
but can be varied within the scope of the claims presented
below.
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It is likewise obvious to a person skilled in the art that the
braking apparatus of the invention can be used in an
elevator system with counterweight as well as in an ele-
vator system without counterweight.
It is further obvious to a person skilled in the art that the
invention is applicable both to drum brakes and to disc
brakes.

Claims

1. Braking apparatus for braking the rotating part (1) of
a hoisting machine, said braking apparatus compris-
ing one or more brakes (3, 4), which contain in all:

- at least one movable brake shoe (5, 6)
- spring elements (7, 8) for activating the brake
by moving the brake shoe (5, 6) forwards
- at least two electromagnets (9, 10), which,
when magnetized by a magnetizing current, ap-
ply a force of attraction to bodies conducting
magnetic flux

which electromagnets are fitted to release the brake
(3, 4) by pulling the aforesaid at least one brake shoe
(5, 6) backwards by resisting the aforesaid spring
elements (7, 8);
and which brake (3, 4) is fitted to be activated by
reducing the magnetizing current of the electromag-
net (9, 10);
and which braking apparatus comprises a power
supply circuit (11) for the electromagnets, which con-
tains controllable power supply interrupting devices
(12, 13, 14, 15); the electromagnets (9, 10) being
connected to the said power supply circuit (11) in
such a way that the supply of magnetizing current to
each electromagnet can be interrupted by means of
at least two different interrupting devices (12, 13, 14,
15);
which braking apparatus comprises a brake control
unit (16), which contains at least two control ele-
ments (17, 18), a first one (17) of said control ele-
ments being arranged to control a first interrupting
device (12), which can be used to interrupt the supply
of magnetizing current to a first electromagnet (9),
while a second one (18) of said control elements is
arranged to control a second interrupting device (13),
which can be used to interrupt the supply of magnet-
izing current to a second electromagnet (10), char-
acterized in

- that the first interrupting device (12) is ar-
ranged to interrupt the magnetizing current to
the first electromagnet (9) but not to the second
electromagnet (10),
- that the second interrupting device (13) is ar-
ranged to interrupt the magnetizing current to
the second electromagnet (10) but not to the first

electromagnet (9),
- that the power supply circuit (11) comprises a
third controllable power supply interrupting de-
vice (14), which is fitted to interrupt the supply
of magnetizing current to the first electromagnet
(9) but not to the second electromagnet (10);
- that the second one (18) of the control ele-
ments is arranged to control the said third power
supply interrupting device (14),
- that the power supply circuit (11) comprises a
fourth controllable power supply interrupting de-
vice (15), which is fitted to interrupt the supply
of magnetizing current to the second electro-
magnet (10) but not to the first electromagnet
(9); and
- that the first one (17) of the control elements
is arranged to control the said fourth power sup-
ply interrupting device (15).

2. Braking apparatus according to claim 1, character-
ized in that the braking apparatus comprises two
controllable brakes (3, 4), each of which includes:

- a brake shoe (5, 6)
- a spring element (7, 8)
- an electromagnet (9, 10)

and that a first one (7) of the control elements of the
brake control unit (11) is arranged to control an in-
terrupting device (12) which can be used to interrupt
the supply of magnetizing current to the electromag-
net (9) of the first brake;
and that a second one (18) of the control elements
of the brake control (11) unit is arranged to control
an interrupting device (13) which can be used to in-
terrupt the supply of magnetizing current to the elec-
tromagnet (10) of the second brake.

3. Braking apparatus according to claim 2, character-
ized in that the first brake (3) comprises the first
electromagnet (9) and the second brake (4) compris-
es the second electromagnet (10).

4. Braking apparatus according to any one of the pre-
ceding claims, characterized in that each control
element (17, 18) comprises a microprocessor.

5. Braking apparatus according to any one of the pre-
ceding claims, characterized in that the control el-
ement (17, 18) is arranged to determine the opera-
tional condition of the other control element (17, 18).

6. Braking apparatus according to claim 5, character-
ized in that the control element (17, 18) is arranged
to monitor the operational condition of the other con-
trol element (17, 18).

7. Braking apparatus according to 5 or 6, character-
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ized in that the control element (17, 18) is arranged
to control the interrupting device (12, 13, 14, 15) on
the basis of the operational condition of the other
control element (17, 18).

8. Braking apparatus according to any one of the pre-
ceding claims, characterized in that the power sup-
ply interrupting device (12, 13, 14, 15) comprises an
input (19) for a control signal;
and that the power supply interrupting device (12,
13, 14, 15) is arranged to supply magnetizing current
into the electromagnet (9, 10) on the basis of a first
control signal;
and that the power supply interrupting device (12,
13, 14, 15) is arranged to interrupt the supply of mag-
netizing current on the basis of a second control sig-
nal differing from the first control signal.

9. Braking apparatus according to any one of the pre-
ceding claims, characterized in that the brake con-
trol unit (16) comprises operational modes, at least
a mode of normal operation, a failure mode, an emer-
gency stopping mode and a braking apparatus con-
dition monitoring mode;
and that each aforesaid control element (17, 18) is
arranged to change its operating program when the
operational mode of the brake control unit (16)
changes.

10. Braking apparatus according to claim 9, character-
ized in that, in connection with the braking appara-
tus condition monitoring mode, both the first (17) and
the second (18) control element is arranged to exe-
cute an operational program wherein the supply of
magnetizing current to the second electromagnet
(10) is interrupted while at the same time magnetiz-
ing current is being supplied to the first electromag-
net (9).

11. Braking apparatus according to any one of the pre-
ceding claims, c h a r a c t e r i z e d in that the current
supply circuit (11) comprises means (20) for meas-
uring the magnetizing current of each electromagnet
(9, 10);
and that the second control element (18) is fitted to
measure the magnetizing current of the first electro-
magnet (9);
and that the first control element (17) is fitted to
measure the magnetizing current of the second elec-
tromagnet (10).

Patentansprüche

1. Bremsvorrichtung zum Abbremsen des rotierenden
Teils (1) einer Hebemaschine, welche Bremsvorrich-
tung eine oder mehrere Bremsen (3, 4) aufweist, die
folgende Merkmale umfassen:

- wenigstens einen bewegbaren Bremsschuh
(5, 6),
- Federelemente (7, 8) zum Aktivieren der Brem-
se durch Bewegen des Bremsschuhs (5, 6) nach
vorne,
- wenigstens zwei Elektromagneten (9, 10), wel-
che, wenn sie durch einen Magnetisierungs-
strom magnetisiert sind, eine Anziehungskraft
auf Körper aufweisen, die einen magnetischen
Fluss leiten, welche Elektromagneten konzipiert
sind, die Bremse (3, 4) freizugeben durch
Zürückziehen des vorgenannten wenigstens ei-
nen Bremsschuhs (5, 6) gegen die Kraft der vor-
genannten Federelemente (7, 8);

und welche Bremse (3, 4) konzipiert ist, durch Re-
duktion des magnetischen Stroms der Elektromag-
neten (9, 10) aktiviert zu werden;
und welche Bremsvorrichtung eine Stromversor-
gungsschaltung (11) für die Elektromagneten auf-
weist, welche steuerbare Stromzufuhrunterbre-
chungseinrichtungen (12, 13, 14, 15) aufweist; die
Elektromagneten (9, 10) sind mit der Stromversor-
gungsschaltung (11) derart verbunden, dass die Zu-
fuhr von Magnetisierungsstrom zu jedem Elektroma-
gneten unterbrochen werden kann durch wenigs-
tens zwei unterschiedliche Unterbrechungseinrich-
tungen (12, 13, 14, 15); welche Bremsvorrichtung
eine Bremssteuereinheit (16) enthält, die wenigs-
tens zwei Steuerelemente (17, 18) umfasst, wobei
ein erstes (17) der Steuerelemente konzipiert ist, um
eine erste Unterbrechungseinrichtung (12) zu steu-
ern, welche verwendet werden kann, um die Zufuhr
von Magnetisierungsstrom zu einem ersten Elektro-
magneten zu unterbrechen, während ein zweites
(18) der Steuerelemente konzipiert ist, um eine zwei-
te Unterbrechungseinrichtung (13) zu steuern, die
verwendet werden kann, um die Zufuhr von Magne-
tisierungsstrom zu dem zweiten Elektromagneten
(10) zu unterbrechen, dadurch gekennzeichnet,

- dass die erste Unterbrechungseinrichtung (12)
konzipiert ist, den Magnetisierungsstrom zu
dem ersten Elektromagneten (9) zu unterbre-
chen, aber nicht zu dem zweiten Elektromagne-
ten (10),
- dass die zweite Unterbrechungseinrichtung
(13) konzipiert ist, den Magnetisierungsstrom zu
dem zweiten Elektromagneten (10) zu unterbre-
chen, aber nicht zu dem ersten Elektromagne-
ten (9),
- dass die Stromversorgungsschaltung (11) ei-
ne dritte steuerbare Stromzufuhrunterbre-
chungseinrichtung (14) aufweist, die konzipiert
ist, die Zufuhr von Magnetisierungsstrom zu
dem ersten Elektromagneten (9) zu unterbre-
chen, nicht aber zu dem zweiten Elektromagne-
ten (10);
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- dass das zweite (18) der Steuerelemente kon-
zipiert ist, die dritte Stromzufuhrunterbre-
chungseinrichtung (14) zu steuern,
- dass die Stromversorgungsschaltung (11) ei-
ne vierte steuerbare Stromzufuhrunterbre-
chungseinrichtung (15) enthält, die konzipiert
ist, die Zufuhr von Magnetisierungsstrom zu
dem zweiten Elektromagneten (10) zu unterbre-
chen, nicht jedoch zu dem ersten Elektromag-
neten (9); und
- dass das erste (17) der Steuerelemente kon-
zipiert ist, die vierte Stromzufuhrunterbre-
chungseinrichtung (15) zu steuern.

2. Bremsvorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Bremsvorrichtung zwei
steuerbare Bremsen (3, 4) aufweist, von jeder wel-
che folgende Merkmale enthält:

- einen Bremsschuh (5, 6),
- ein Federelement (7, 8),
- einen Elektromagneten (9, 10),

und dass ein erstes (7) der Steuerelemente der
Bremssteuereinheit (11) konzipiert ist, eine Unter-
brechungseinrichtung (12) zu steuern, die verwen-
det werden kann, um die Zufuhr von Magnetisie-
rungsstrom zu dem Elektromagneten (9) der ersten
Bremse zu unterbrechen;
und dass eine zweites (18) der Steuerelemente der
Bremssteuereinheit (11) konzipiert ist, eine Unter-
brechungseinrichtung (13) zu steuern, die verwen-
det werden kann, um die Zufuhr von Magnetisie-
rungsstrom zu dem Elektromagneten (10) der zwei-
ten Bremse zu unterbrechen.

3. Bremsvorrichtung nach Anspruch 2, dadurch ge-
kennzeichnet, dass die erste Bremse (3) den ersten
Elektromagneten (9) und die zweite Bremse (4) den
zweiten Elektromagneten (10) enthält.

4. Bremsvorrichtung nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass jedes
Steuerelement (17, 18) einen Mikroprozessor ent-
hält.

5. Bremsvorrichtung nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass das
Steuerelement (17, 18) konzipiert ist, den Betriebs-
zustand des anderen Steuerelements (17, 18) zu be-
stimmen.

6. Bremsvorrichtung nach Anspruch 5, dadurch ge-
kennzeichnet, dass das Steuerelement (17, 18)
konzipiert ist, den Betriebszustand des anderen
Steuerelements (17, 18) zu überwachen.

7. Bremsvorrichtung nach Anspruch 5 oder 6, dadurch

gekennzeichnet, dass das Steuerelement (17, 18)
konzipiert ist, die Unterbrechungseinrichtung (12,
13, 14, 15) auf der Basis des Betriebszustands des
anderen Steuerelements (17, 18) zu steuern.

8. Bremsvorrichtung nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass die
Stromzufuhrunterbrechungseinrichtung (12, 13, 14,
15) einen Eingang (19) für ein Steuersignal aufweist;
und dass die Stromzufuhrunterbrechungseinrich-
tung (12, 13, 14, 15) konzipiert ist, Magnetisierungs-
strom dem Elektromagneten (9, 10) auf der Basis
eines ersten Steuersignals zuzuführen;
und dass die Stromzufuhrunterbrechungseinrich-
tung (12, 13, 14, 15) konzipiert ist, die Zufuhr von
Magnetisierungsstrom auf der Basis eines zweiten
Steuersignals zu unterbrechen, welches sich von
dem ersten Steuersignal unterscheidet.

9. Bremsvorrichtung nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass die
Bremssteuereinheit (16) Betriebszustände umfasst,
nämlich wenigstens einen Zustand normalen Be-
triebs, einen Fehlerzustand, einen Notstoppzustand
und einen Bremsvorrichtungsüberwachungszu-
stand;
und dass jedes vorgenannte Steuerelement (17, 18)
konzipiert ist, sein Betriebsprogramm zu ändern,
wenn sich der Betriebsmodus der Bremssteuerein-
heit (16) ändert.

10. Bremsvorrichtung nach Anspruch 9, dadurch ge-
kennzeichnet, dass in Verbindung mit dem
Bremsvorrichtungszustandsüberwachungsmodus
sowohl das erste (17) als auch das zweite (18) Steu-
erelement konzipiert ist, ein Betriebsprogramm aus-
zuführen, bei welchem die Zufuhr von Magnetisie-
rungsstrom zu dem zweiten Elektromagneten (10)
unterbrochen wird, während gleichzeitig der Magne-
tisierungsstrom dem ersten Elektromagneten (9) zu-
geführt wird.

11. Bremsvorrichtung nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass die
Stromversorgungsschaltung (11) eine Einrichtung
(20) zum Messen des Magnetisierungsstroms jedes
Elektromagneten (9, 10) aufweist;
und dass das zweite Steuerelement (18) konzipiert
ist, den Magnetisierungsstrom des ersten Elektro-
magneten (9) zu messen;
und dass das erste Steuerelement (17) konzipiert
ist, den Magnetisierungsstrom des zweiten Elektro-
magneten (10) zu messen.

Revendications

1. Dispositif de freinage destiné à freiner l’élément ro-
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tatif (1) d’une machine de levage, ledit dispositif de
freinage comprenant un ou plusieurs freins (3, 4) qui
comprennent en tout :

- au moins un segment de frein déplaçable (5, 6),
- des éléments de ressort (7, 8) pour activer le
frein en déplaçant le segment de frein (5, 6) vers
l’avant,
- au moins deux électroaimants (9, 10) qui, lors-
qu’ils sont magnétisés par un courant magnéti-
sant, appliquent une force d’attraction à des
corps conducteurs de flux magnétique,

lesdits électroaimants étant installés pour desserrer
le frein (3, 4) en tirant ledit au moins un segment de
frein (5, 6) vers l’arrière en résistant auxdits éléments
de ressort (7, 8) ;
et ledit frein (3, 4) étant installé pour être activé en
diminuant le courant magnétisant de l’électroaimant
(9, 10) ;
et ledit dispositif de freinage comprend un circuit
d’alimentation électrique (11) pour les élec-
troaimants, lequel comprend des moyens d’interrup-
tion d’alimentation électrique commandables (12,
13, 14, 15) ; les électroaimants (9, 10) étant reliés
audit circuit d’alimentation électrique (11) de telle
sorte que l’alimentation du courant magnétisant vers
chaque électroaimant peut être interrompue au
moyen d’au moins deux moyens d’interruption diffé-
rents (12, 13, 14, 15) ;
ledit dispositif de freinage comprenant une unité de
commande de frein (16) qui comprend au moins
deux éléments de commande (17, 18), un premier
(17) desdits éléments de commande étant agencé
pour commander un premier moyen d’interruption
(12) qui peut être utilisé pour interrompre l’alimenta-
tion du courant magnétisant vers un premier élec-
troaimant (9), tandis qu’un deuxième (18) desdits
éléments de commande est agencé pour comman-
der un deuxième moyen d’interruption (13) qui peut
être utilisé pour interrompre l’alimentation du courant
magnétisant vers un deuxième électroaimant (10),
caractérisé en ce

- que le premier moyen d’interruption (12) est
agencé pour interrompre le courant magnétisant
vers le premier électroaimant (9) mais pas vers
le deuxième électroaimant (10),
- que le deuxième moyen d’interruption (13) est
agencé pour interrompre le courant magnétisant
vers le deuxième électroaimant (10) mais pas
vers le premier électroaimant (9),
- que le circuit d’alimentation électrique (11)
comprend un troisième moyen d’interruption
d’alimentation électrique commandable (14) qui
est installé pour interrompre l’alimentation du
courant magnétisant vers le premier élec-
troaimant (9) mais pas vers le deuxième élec-

troaimant (10) ;
- que le deuxième (18) des éléments de com-
mande est agencé pour commander ledit troi-
sième moyen d’interruption d’alimentation élec-
trique (14),
- que le circuit d’alimentation électrique (11)
comprend un quatrième moyen d’interruption
d’alimentation électrique commandable (15) qui
est installé pour interrompre l’alimentation du
courant magnétisant vers le deuxième élec-
troaimant (10) mais pas vers le premier élec-
troaimant (9) ; et que
- le premier (17) des éléments de commande
est agencé pour commander ledit quatrième
moyen d’interruption d’alimentation électrique
(15).

2. Dispositif de freinage selon la revendication 1, ca-
ractérisé en ce que le dispositif de freinage com-
prend deux freins commandables (3, 4), chacun
d’eux comportant :

- un segment de frein (5, 6),
- un élément de ressort (7, 8),
- un électroaimant (9, 10),

et en ce qu’un premier (7) des éléments de com-
mande de l’unité de commande de frein (11) est
agencé pour commander un moyen d’interruption
(12) qui peut être utilisé pour interrompre l’alimenta-
tion du courant magnétisant vers l’électroaimant (9)
du premier frein ;
et en ce qu’un deuxième (18) des éléments de com-
mande de l’unité de commande de frein (11) est
agencé pour commander un moyen d’interruption
(13) qui peut être utilisé pour interrompre l’alimenta-
tion du courant magnétisant vers l’électroaimant (10)
du deuxième frein.

3. Dispositif de freinage selon la revendication 2, ca-
ractérisé en ce que le premier frein (3) comprend
le premier électroaimant (9) et le deuxième frein (4)
comprend the deuxième électroaimant (10).

4. Dispositif de freinage selon une quelconque des re-
vendications précédentes, caractérisé en ce que
chaque élément de commande (17, 18) comprend
un microprocesseur.

5. Dispositif de freinage selon une quelconque des re-
vendications précédentes, caractérisé en ce que
l’élément de commande (17, 18) est agencé pour
déterminer la condition de fonctionnement de l’autre
élément de commande (17, 18).

6. Dispositif de freinage selon la revendication 5, ca-
ractérisé en ce que l’élément de commande (17,
18) est agencé pour surveiller la condition de fonc-
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tionnement de l’autre élément de commande (17,
18).

7. Dispositif de freinage selon la revendication 5 ou 6,
caractérisé en ce que l’élément de commande (17,
18) est agencé pour commander le moyen d’inter-
ruption (12, 13, 14, 15) sur la base de la condition
de fonctionnement de l’autre élément de commande
(17, 18).

8. Dispositif de freinage selon une quelconque des re-
vendications précédentes, caractérisé en ce que
le moyen d’interruption d’alimentation électrique (12,
13, 14, 15) comprend une entrée (19) pour un signal
de commande ;
et en ce que le moyen d’interruption d’alimentation
électrique (12, 13, 14, 15) est agencé pour alimenter
le courant magnétisant dans l’électroaimant (9, 10)
sur la base d’un premier signal de commande ;
et en ce que le moyen d’interruption d’alimentation
électrique (12, 13, 14, 15) est agencé pour interrom-
pre l’alimentation du courant magnétisant sur la base
d’un deuxième signal de commande différent du pre-
mier signal de commande.

9. Dispositif de freinage selon une quelconque des re-
vendications précédentes, caractérisé en ce que
l’unité de commande de frein (16) comprend des mo-
des de fonctionnement, au moins un mode de fonc-
tionnement normal, un mode de défaillance, un mo-
de d’arrêt d’urgence et un mode de surveillance de
l’état du dispositif de freinage ;
et en ce que chacun desdits éléments de commande
(17, 18) est agencé pour changer son programme
de fonctionnement lorsque le mode de fonctionne-
ment de l’unité de commande de frein (16) change.

10. Dispositif de freinage selon la revendication 9, ca-
ractérisé en ce que, en lien avec le mode de sur-
veillance de l’état du dispositif de freinage, à la fois
le premier (17) et le deuxième (18) élément de com-
mande est agencé pour exécuter un programme de
fonctionnement dans lequel l’alimentation du cou-
rant magnétisant vers le deuxième électroaimant
(10) est interrompue tandis qu’en même temps le
courant magnétisant est alimenté vers le premier
électroaimant (9).

11. Dispositif de freinage selon une quelconque des re-
vendications précédentes, caractérisé en ce que
le circuit d’alimentation électrique (11) comprend un
moyen (20) pour mesurer le courant magnétisant de
chaque électroaimant (9, 10) ;
et en ce que le deuxième élément de commande
(18) est adapté pour mesurer le courant magnétisant
du premier électroaimant (9) ;
et en ce que le premier élément de commande (17)
est adapté pour mesurer le courant magnétisant du

deuxième électroaimant (10).
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