wo 20247252059 A1 |0 00000 KOO0 0 0 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
12 December 2024 (12.12.2024)

(10) International Publication Number

WO 2024/252059 Al

WIPO I PCT

1)

@n

22)

@5
(26)
(71)

(72)

(74)

@81)

International Patent Classification:
B66B 5716 (2006.01) B66B 5/18 (2006.01)

International Application Number:
PCT/F12023/050337

International Filing Date:
09 June 2023 (09.06.2023)

Filing Language: English

Publication Language: English

Applicant: KONE CORPORATION [FI/FIJ; Kartanontie
1, 00330 HELSINKI (FI).

Inventors: MINKKINEN, Marko; c/o KONE Corpora-
tion, Kartanontie 1, 00330 HELSINKI (FI). KORHONEN,
Tuukka; c/o KONE Corporation, Kartanontie 1, 00330
HELSINKI (FI). MYYRYLAINEN, Ville; ¢c/o KONE Cor-
poration, Kartanontie 1, 00330 HELSINKI (FI). MUSTA-
LAHTI, Jorma, c/o KONE Corporation, Kartanontie 1,
00330 HELSINKI (FI).

Agent: BERGGREN OY, PO. Box 16, (Eteldinen
Rautatiekatu 10 A), 00101 HELSINKI (FT).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

84

CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, IM, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC. SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM. TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU,LV,MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

in black and white; the international application as filed
contained color or greyscale and is available for download
Jiom PATENTSCOPE

(54) Title: BRAKE DEVICE AND BRAKE SYSTEM FOR AN ELEVATOR, ELEVATOR AND METHOD OF OPERATING AN
ELEVATOR

(57) Abstract: The brake device (4) for an elevator comprises a frame (30) con-
figured to be rigidly attached to an elevator car (3) or to a stationary body part of a
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FIG. 1

hoisting machinery, abrake caliper (31) slidably mounted to the frame (30), abrake
clement (5) mounted to the brake caliper (30), brake actuation means (6) and brake
release means (7) for moving the brake element (5) between a braking position and
a retracted position, a fluid chamber (32), and a piston (33) having a first piston
surface (33A) delimiting the fluid chamber (32). One of the fluid chamber (32) and
the piston (33) is configured to move with the brake caliper (31) and the other is
configured to move with the frame (30) such that a brake force applied to the guide
rail (2) or to the brake disc by means of the brake device (4) strives to move the
piston (33) and the fluid chamber (32) relative to each other.
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BRAKE DEVICE AND BRAKE SYSTEM FOR AN ELEVATOR, ELEVATOR
AND METHOD OF OPERATING AN ELEVATOR

Technical field of the invention

The present invention concerns a brake device for an elevator car or a hoisting
machinery of an elevator, as defined in claim 1. The invention also concerns a
brake system for an elevator, an elevator, and a method of operating an
elevator.

Background of the invention

Elevator hoisting machinery may have safety brakes, which may have a frame
part, a moving armature and a thrust spring in between. A brake pad is
attached to the moving armature. The thrust spring causes the brake pad to
engage against a traction sheave or a rotating shaft of the hoisting machinery.
This engagement causes a braking torque to stop movement of the hoisting
machinery and therefore an elevator car. The brakes may be used in
emergency braking to stop the elevator car if an operational anomaly occurs,
such as an overspeed situation of the car.

An elevator may have hoisting ropes running between an elevator car and a
counterweight, via the traction sheave of the hoisting machinery.

Recently new kind of coated hoisting ropes have been introduced. These may
be round ropes with a high-friction coating, or belts with high-friction coating,
such as a polyurethane coating. Load-carrying parts of the round ropes or belts
may be steel cords or they can be made of synthetic fibers, such as glass fibers
or carbon fibers, for example.

These new kind of coated hoisting ropes cause a higher friction between the
ropes and the traction sheave than traditional steel ropes. Reduction in slipping
of the ropes on the traction sheave may lead to excessive deceleration of an
elevator car in an emergency stopping situation, which is a non-desired
condition for the elevator passengers.

An elevator car may be provided with safety brakes engaging against the nose
of an elevator guide rail in an operational anomaly, such as is an emergency
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stopping situation of an elevator car. In specific operational situations of the
car, such as if the safety brakes are engaged, when a car with nominal load is
moving upwards or an empty car is moving downwards, uncontrolled braking
force of the safety brakes may lead to excessive deceleration, which is non-
desired for the passengers.

In some other recent elevator systems, lifting height and thus the travel length
of the elevator car has been increased. This is the case for example in so
called high-rise and ultra-high-rise elevators. In those elevator systems longer
hoisting ropes may cause a bouncing effect of the car when the safety brakes
of the car are opened at the beginning of a new elevator run.

There are thus various situations where a more precise control of the brakes
of an elevator would be useful.

Summary of the invention

An object of the present invention is to provide an improved brake device for
an elevator car or a hoisting machinery of an elevator. The brake device is
configured to cooperate with a guide rail of the elevator or with a brake disc of
the hoisting machinery for applying a brake force to the guide rail or brake disc
when actuated. Other objects of the invention are to provide an improved brake
system for an elevator and an improved elevator. A still further object of the
invention is to provide an improved method of operating an elevator.

The brake device according to the invention comprises a frame that is
configured to be rigidly attached to the elevator car or to a stationary body part
of the hoisting machinery, a brake caliper slidably mounted to the frame, at
least one brake element that is mounted to the brake caliper and moveable
between a braking position and a retracted position, brake actuation means
and brake release means for moving said at least one brake element between
the braking position and the retracted position, a fluid chamber, and a piston
having a first piston surface delimiting said fluid chamber. One of the fluid
chamber and the piston is configured to move with the brake caliper and the
other is configured to move with the frame such that a brake force applied to
the guide rail or to the brake disc by means of the brake device strives to move
the piston and the fluid chamber relative to each other.
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The brake device according to the invention allows measuring and monitoring
of the brake force applied to the guide rail or to the brake disc by the brake
device. This allows more precise control of the brake force.

According to an embodiment of the invention, the brake device comprises
means for monitoring the pressure in the fluid chamber. By monitoring the
pressure in the fluid chamber, the brake force can be determined. The means
for monitoring the pressure could also be arranged apart from the brake
device.

According to an embodiment of the invention, the brake device comprises a
second fluid chamber and a piston having a second piston surface delimiting
the second fluid chamber, the first piston surface and the second piston
surface facing opposite directions, wherein one of the second fluid chamber
and the piston having the second piston surface is configured to move with the
brake caliper and the other is configured to move with the frame such that a
brake force applied to the guide rail or to the brake disc by means of the brake
device strives to move the piston and the second fluid chamber relative to each
other. The two fluid chambers and pistons allow determining the brake force
in two moving directions of the elevator.

According to an embodiment of the invention, the brake device comprises
means for monitoring the pressure in the second fluid chamber. By monitoring
the pressure, the brake force can be determined.

According to an embodiment of the invention, the brake device is configured
to allow supply of pressurized hydraulic fluid into the fluid chambers and
discharge of hydraulic fluid from the fluid chambers to move the frame relative
to the brake caliper. By moving the frame in relation to the brake caliper, the
position of the elevator car can be adjusted. This could be utilized, for instance,
for releasing an activated safety gear of the elevator.

According to an embodiment of the invention, the brake actuation means
comprise at least one biasing spring that is configured to bias said at least one
brake element towards the braking position and the brake release means
comprise at least one cylinder and a piston moveable within the cylinder, the
brake release means being configured to move said at least one brake element
to the release position when hydraulic pressure overcoming a biasing force
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caused by said at least one biasing spring is applied to the piston of the brake
release means. Hydraulically releasable brakes enable precise control of the
brake force with minimal energy consumption.

The brake system according to the invention comprises at least one brake
device defined above and means for monitoring the pressure in the fluid
chamber.

According to an embodiment of the invention, the brake system comprises
means for supplying pressurized hydraulic fluid into the fluid chamber. By
supplying pressurized hydraulic fluid into the fluid chamber, the position of the
brake caliper relative to the frame can be adjusted. This allows moving the
elevator car in the vertical direction, for instance for releasing an activated
safety gear.

According to an embodiment of the invention, the brake system is configured
to control the brake force applied to the guide rail or to the brake disc based
on the pressure in the fluid chamber. This allows controlled deceleration of the
elevator.

According to an embodiment of the invention, the brake device comprises
brake release means having at least one cylinder and a piston moveable within
the cylinder, and the brake system comprises pressurizing means configured
to pressurize hydraulic fluid and being arranged in fluid communication with
said at least one cylinder of the brake release means to allow supplying
pressurized hydraulic fluid into said at least one cylinder.

According to an embodiment of the invention, the pressurizing means
comprise a hydraulic cylinder and a piston that are configured to be moveable
relative to each other to pressurize hydraulic fluid in the hydraulic cylinder, the
hydraulic cylinder being arranged in fluid communication with said at least one
cylinder of the brake release means to allow supplying pressurized hydraulic
fluid into said at least one cylinder. The hydraulic cylinder and piston allow
precise control of the pressure.

The elevator according to the invention comprises an elevator car, a hoisting
machinery and a brake system defined above, wherein said at least one brake
device is mounted to the elevator car or to the hoisting machinery.
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The method of operating an elevator defined above comprises the step of
measuring the pressure in the fluid chamber.

According to an embodiment of the invention, the method comprises the step
of determining, based on the measured pressure, the brake force applied by
the brake device to the guide rail or to the brake disc.

According to an embodiment of the invention, the method comprises the step
of determining, based on the measured pressure, the weight of the elevator
car. By determining the weight of the car, the brake force and releasing of the
brakes can be adjusted to provide smooth acceleration and deceleration.

According to an embodiment of the invention, the method comprises the step
of controlling, based on the measured pressure, the brake force applied to the
guide rail or to the brake disc by the brake device.

According to an embodiment of the invention, the method comprises the steps
of applying a brake force to the guide rail or to the brake disc by means of the
brake device, determining the brake force based on the pressure in the fluid
chamber, comparing the determined brake force to a reference value, and
adjusting the brake force based on the comparison.

According to an embodiment of the invention, the brake device is mounted to
the elevator car and the method comprises the steps of applying a brake force
to the guide rail by means of the brake device to keep the brake caliper
stationary relative to the guide rail, and supplying pressurized hydraulic fluid
into the fluid chamber to move the elevator car relative to the brake caliper.
This allows releasing of an activated safety gear.

According to an embodiment of the invention, the brake device is mounted to
the elevator car and the method comprises the steps of moving the elevator
car along the guide rail, applying a brake force to the guide rail by means of
the brake device, monitoring the pressure in the fluid chamber, adjusting the
brake force based on the pressure in the fluid chamber until a predetermined
brake force is reached, maintaining said predetermined brake force, and
keeping the elevator car moving along the guide rail to clean said at least one
brake element of the brake device and/or the guide rail. The brakes and the
guide rail can thus be cleaned with a minimum brake force.
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Brief description of the drawings

Embodiments of the invention are described below in more detail with
reference to the accompanying drawings, in which

Fig. 1 shows schematically some features of a brake device and a brake
system according to an embodiment of the invention,

Fig. 2 shows schematically other features of a brake device and a brake
system according to an embodiment of the invention,

Fig. 3 shows schematically parts of an elevator, and
Fig. 4 shows schematically an example of a hoisting machinery of an elevator.

Detailed description of embodiments of the invention

Figure 1 shows schematically a brake device 4 and a brake system according
to an embodiment of the invention. The brake device 4 according to the
invention is used as a brake of an elevator car 3 or a hoisting machinery 19 of
an elevator. If the brake device 4 is used in an elevator car 3, it is configured
to cooperate with a guide rail 2 of the elevator car 3. If the brake device 4 is
used as a brake of a hoisting machinery 19, it is configured to cooperate with
a brake disc 20 of the hoisting machinery 19. When the brake device 4 is
actuated, it applies a brake force to the guide rail 2 or brake disc 20.

An elevator, where the brake device 4 can be used, comprises an elevator car
3 that is arranged into an elevator shaft. Figure 3 shows schematically an
elevator car 3. The elevator car 3 can move in the elevator shaft in the vertical
direction. The elevator 1 further comprises a counterweight (not shown). The
elevator car 3 is connected to the counterweight via a hoisting member. The
hoisting member can be, for example, a steel wire, a belt, such as a toothed
belt or a flat belt, a carbon fiber rope or a coated rope. The elevator can
comprise several hoisting members. The elevator car 3 and the counterweight
are connected to each other in such a way that they move to opposite
directions in respect of each other. The elevator 1 is further provided with a
hoisting machinery 19. An example of a hoisting machinery 19 is schematically
shown in figure 4. The hoisting machinery 19 can comprise an electric motor.
The motor drives a sheave 22, which can be connected to the motor either
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directly or via a gear. As the sheave 22 rotates, the hoisting member moves
and the elevator car 3 and the counterweight are moved. The motor can be
arranged in a machine room located above the elevator shaft. Alternatively,
the elevator can be a machine-room-less elevator and the motor can be
arranged in the elevator shaft.

The elevator car 3 is guided in the elevator shaft by guide rails 2. A pair of
guide rails 2 is arranged on opposite sides of the elevator shaft. The guide rail
2 can be, for instance, a T-shaped profile. The arms of the profile are attached
to the walls of the elevator shaft, for instance via guide rail brackets. The stem,
or nose, of the profile forms two guide surfaces for guiding the elevator car 3.
The elevator car 3 can be provided with rollers or other elements that roll or
slide against the guide surfaces of the guide rail 2.

The elevator is provided with one or more brake systems for stopping the
elevator and/or for preventing the elevator from moving. The brake systems
can be configured to brake the hoisting machinery 19, the elevator car 3 or the
counterweight. Different brake systems can provide redundancy and/or they
can have different functions. Even a single brake system can have different
functions. For instance, a brake system can function during the normal
operation of the elevator for stopping the elevator or keeping the elevator car
3in a correct position at a landing, but also as an emergency brake for stopping
the elevator in an overspeed situation.

In addition to various brake systems, the elevator can comprise a safety gear
that is configured to stop the elevator car 3 in case of an emergency, such as
in an overspeed situation of the elevator car 3. The safety gear comprises a
wedge mechanism that is moveable into a gripping position against a guide
rail 2 of the elevator car 3 when the safety gear is actuated.

The safety gear can be activated by a mechanical overspeed governor, which
has a governor rope coupled to the safety gear and running via a governor
sheave. The elevator car 3 can have two such safety gears disposed on the
opposite sides of the elevator car 3 and interconnected by a common
synchronization axis, which ensures that both safety gears will be activated
upon operation of the overspeed governor. Alternatively, the safety gear can
be electrically or hydraulically actuated.
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The brake device 4 according to the invention comprises a frame 30 that is
configured to be rigidly attached to the elevator car 3 or to a stationary body
part 21 of the hoisting machinery 19. The brake device 4 further comprises a
brake caliper 31 slidably mounted to the frame 30. In a brake device 4 mounted
to an elevator car 3, the brake caliper 31 is slidable in a direction that is parallel
to the longitudinal direction of the guide rail 2 of the elevator car 3. In a brake
device 4 mounted to a hoisting machinery 19, the brake caliper 31 is slidable
in a tangential direction of a brake disc 20 of the hoisting machinery 19. The
brake device 4 further comprises at least one brake element 5 that is mounted
to the brake caliper 30 and moveable between a braking position and a
retracted position, and brake actuation means 6 and brake release means 7
for moving the brake element 5 between the braking position and the retracted
position. In the braking position, the brake element 5 is configured to apply a
friction force to the guide rail 2 or the brake disc 20.

The brake device 4 further comprises a first fluid chamber 32 and a first piston
33 having a first piston surface 33A delimiting the first fluid chamber 32. In the
embodiments of the figures, the first fluid chamber 32 is arranged in the frame
30 and thus moves with the brake caliper 31. The first piston 33 is configured
to move with the brake caliper 31. A brake force applied to the guide rail 2 or
to the brake disc 20 by means of the brake device 4 strives to move the first
piston 33 relative to the first fluid chamber 32.

Instead of the configuration of figure 1, the first piston 33 could be configured
to move with the frame 30 and the first fluid chamber 32 could be part of the
brake caliper 31.

In the embodiment of figure 1, the brake device 4 comprises a second fluid
chamber 34 and a second piston 35 having a second piston surface 35A
delimiting the second fluid chamber 35. The first piston surface 33A and the
second piston surface 35A face opposite directions. The second piston 35 is
configured to move with the brake caliper 31 and the second fluid chamber 34
is configured to move with the frame 30. A brake force applied to the guide rail
2 or to the brake disc 20 by means of the brake device 4 strives to move the
second piston 35 relative to the second fluid chamber 34. Instead of the
configuration of figure 1, the second piston 35 could be configured to move
with the frame 30 and the second fluid chamber 34 could be part of the brake
caliper 31.
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In a brake device 4 that is mounted to an elevator car 3, each of the first piston
33 and the second piston 35 protrudes into the respective fluid chamber 32,
34 in a direction that is parallel to the longitudinal direction of the guide rail 2.
In a brake device 4 that is mounted to a hoisting machinery 19, each of the first
piston 33 and the second piston 35 protrudes into the respective fluid chamber
32, 34 in a direction that is parallel to the tangential direction of the brake disc
20.

In the embodiment of figure 1, the brake caliper 31 is slidably supported to the
frame 30 by the first piston 33 protruding into the first fluid chamber 32 and the
second piston 35 protruding into the second fluid chamber 34. However, the
brake device 4 could comprise additional means for slidably supporting the
brake caliper 31 to the frame 30. The first piston surface 33A and the second
piston surface 35A could be opposite ends of a single piston.

As the elevator car 3 moves downwards and a brake force is applied to the
guide rail 2 by the brake device 4, the brake force resists the movement of the
brake caliper 31 and the brake caliper 31 moves relative to the frame 30 of the
brake device 4 in a direction that is parallel to the longitudinal direction of the
guide rail 2. As a consequence, fluid in the first fluid chamber 32 is compressed
and the pressure in the first fluid chamber 32 increases. By measuring the
pressure in the first fluid chamber 32, the brake force can be determined.
Similarly, as the elevator car 3 moves upwards and a brake force is applied to
the guide rail 2 by the brake device 4, the brake force resists the movement of
the brake caliper 31 and the brake caliper 31 moves relative to the frame 30 of
the brake device 4. As a consequence, fluid in the second fluid chamber 34 is
compressed and the pressure in the second fluid chamber 34 increases. By
measuring the pressure in the second fluid chamber 34, the brake force can
be determined. A brake device 4 mounted to a hoisting machinery 19 functions
in a similar manner.

As the pressure in the first fluid chamber 32 increases, underpressure is
formed in the second fluid chamber 34. In principle, the brake force could be
calculated from the underpressure. However, if the fluid chambers 32, 34 are
filled with hydraulic fluid having low compressibility, the movements of the
brake caliper 31 relative to the frame 30 are small, and determining the brake
force from the increased pressure gives more accurate results. If there is a
need to determine the brake force only in one moving direction of the elevator,
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one of the fluid chambers 32, 34 and pistons 33, 35 could be replaced, for
instance, by sufficiently stiff springs. The brake device 4 could thus comprise
a single fluid chamber and a single piston.

The fluid chambers 32, 34 can be closed volumes filled with suitable hydraulic
fluid. Alternatively, the brake device 4 can be configured to allow supply of
pressurized hydraulic fluid into the fluid chambers 32, 34 and discharge of
hydraulic fluid from the fluid chambers 32, 34 to move the frame 30 relative to
the brake caliper 31. By applying a sufficient brake force to the guide rail 2 to
keep the brake caliper 31 stationary in relation to the guide rail 2, the elevator
car 3 can be moved in the vertical direction by supplying pressurized hydraulic
fluid into one of the fluid chambers 32, 34. This function can be utilized, for
instance, after a safety gear of the elevator has been activated and the wedge
mechanism of the safety gear is in a gripping position against the guide rail 2.
By moving the elevator car 3, the wedge mechanism can be released.

The brake system according to the invention can comprise one or more brake
devices 4 according to the invention and means 40, 41 for monitoring the
pressure in the first fluid chamber 32 and the second fluid chamber 34. The
means for monitoring the pressure can comprise one or more pressure
sensors 40, 41. The pressure sensors can be integrated to the brake device 4.
Alternatively, the pressure sensors can be arranged at a distance from the
brake device 4 and configured to measure the pressure in a fluid line supplying
hydraulic fluid to the fluid chambers 32, 34 of the brake device 4. In the
embodiment of figure 1, the brake system comprises a first pressure sensor
40 that is arranged to monitor the pressure in the first fluid chamber 32, and a
second pressure sensor 41 that is arranged to monitor the pressure in the
second fluid chamber 34.

In the embodiment of figure 1, the brake system comprises means for
supplying pressurized hydraulic fluid into the first and second fluid chamber
32, 34 of the brake device 4. The means for supplying hydraulic fluid comprises
a hydraulic pump 36. Alternatively, the means could comprise, for instance, a
cylinder and a piston driven in the cylinder. The piston could be driven, for
instance, by means of a linear actuator. In the embodiment of figure 1, the
means for supplying pressurized hydraulic fluid into the first and second fluid
chamber 32, 34 also comprises a first valve 37 for controlling flow into and out
of the first fluid chamber 32 and a second valve 38 for controlling flow into and
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out of the second fluid chamber 34. Each of the first valve 37 and the second
valve 38 can connect the respective fluid chamber 32, 34 either to the pump
36 for supplying pressurized hydraulic fluid into the fluid chamber 32, 34 or to
a tank 39 for discharging hydraulic fluid from the fluid chamber 32, 34. The
valves 37, 38 also allow preventing fluid communication between the
respective fluid chamber 32, 34 and the pump 36 and the tank 39. The flow
into and out of the fluid chamber 32, 34 could also be controlled in many other
alternative ways.

Figure 2 shows schematically a hydraulic system that can be used for actuating
the brake device 4. In the embodiment of figure 2, the brake system comprises
two brake devices 4 connected to a common hydraulic circuit. However, the
brake system could comprise only a single brake device 4 or more than two
brake devices 4. In the embodiment of figure 2, each brake device 4 comprises
two brake elements 5. The brake elements 5 are arranged on opposite sides
of the guide rail 2. However, the brake device 4 could also be implemented
with a single brake element 5.

The brake device 4 further comprises two biasing springs 6 that are configured
to bias the brake elements 5 towards the braking position. The biasing springs
6 can be mechanical springs, such as coil springs. In the embodiment of figure
2, each brake element 5 is biased by means of one biasing spring 6 towards
the braking position. The brake device 4 could comprise two or more biasing
springs 6 for each brake element 5.

In the embodiment of figure 2, the brake release means 7 comprise two
cylinders 8 and a moveable piston 9 arranged within each cylinder 8. The brake
release means 7 are configured to move the respective brake element 5 to the
release position when hydraulic pressure overcoming a biasing force caused
by the biasing spring 6 is applied to the piston 9. The brake release means 7
can be integrated in the brake caliper. The number of the brake elements 5
and the cylinders 8 does not need to be the same.

The brake system comprises pressurizing means 11 comprising a hydraulic
cylinder 12 and a piston 13 that is configured to be moveable relative to the
hydraulic cylinder 12. The hydraulic cylinder 12 is thus stationary. Alternatively,
the piston 13 could be stationary and the hydraulic cylinder 12 could be
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moveable. As the piston 13 and the hydraulic cylinder move relative to each
other, the fluid volume of the hydraulic cylinder 12 changes.

The hydraulic cylinder 12 is arranged in fluid communication with the cylinders
8 of the brake release means 7 to allow supplying pressurized hydraulic fluid
into the cylinders 8. The brake system further comprises a fluid reservoir 22
arranged in fluid communication with the cylinders 8 of the brake release
means 7 and with the pressurizing means 11 for supplying hydraulic fluid to
the pressurizing means 11 and for receiving hydraulic fluid from the cylinders
8 of the brake release means 7. The brake system also comprises two safety
valves 16, 17. Each of the safety valves 16, 17 has a closed state and an open
state, and each of the safety valves 16, 17 is arranged between the cylinders
8 of the brake release means 7 and the fluid reservoir 22. When at least one
of the safety valves 16, 17 is in the open state, flow from the cylinders 8 into
the fluid reservoir 22 is allowed. When both safety valves 16, 17 are in the
closed state, flow from the cylinders 8 into the fluid reservoir 22 is prevented.
Two safety valves 16, 17 provide redundancy, but the brake system could also
be implemented with a single safety valve.

When at least one of the safety valves 16, 17 is open, the hydraulic fluid can
flow from the cylinders 8 of the brake release means 7 into the fluid reservoir
22. If the pressurizing means 11 are operated, even hydraulic fluid from the
hydraulic cylinder 12 of the pressurizing means 11 can flow into the fluid
reservoir 22. There is thus no pressure in the hydraulic system of the brake
system, and the biasing springs 6 can push the brake elements 5 to the braking
positions, or keep the brake elements 5 in the braking positions.

When the safety valves 16, 17 are closed, hydraulic fluid cannot flow from the
cylinders 8 of the brake release means 7 into the fluid reservoir 22. When the
pressurizing means 11 are actuated, the hydraulic fluid in the hydraulic cylinder
12 of the pressurizing means 11 is pressurized. When the force exerted on the
pistons 9 of the brake release means 7 exceeds the biasing force of the biasing
springs 6, the hydraulic fluid flows into the cylinders 8 of the brake release
means 7 and pushes the brake elements 5 to the release positions. The fluid
line between the pressurizing means 11 and the fluid reservoir 22 is provided
with a non-return valve 18, which allows flow from the fluid reservoir 22 to the
pressurizing means 11, but prevents flow from the pressurizing means 11 into
the fluid reservoir 22.
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In the embodiment of figure 2, the safety valves 16, 17 are normally open
valves. The safety valves 16, 17 are thus biased to an open position, for
instance by means of a spring. Each of the valves 16, 17 is provided with an
electrical actuator for switching the valve 16, 17 to the closed state. If the
electrical actuator fails or there is a power failure, the valve 16, 17 is
automatically switched to the open state. This releases pressure from the
cylinders 8 of the brake release means 7 and switches the brake device 4 to a
braking state. The brake arrangement thus functions in a safe manner in case
of power failures and other fault situations.

The brake system can be provided with a linear actuator 14 for operating the
pressurizing means 11. The linear actuator 14 can be an electrical linear motor.
The linear actuator 14 can be coupled to either the piston 13 or the hydraulic
cylinder 12 of the pressurizing means 11 for causing mutual linear movement
of the piston 13 and the hydraulic cylinder 12. The linear actuator 14 can be
provided with a brake. The brake can be, for instance, electrically actuated.
When the brake is in a locked state, moving of the linear actuator 14 is
prevented. Consequently, also the mutual movement of the piston 13 and the
hydraulic cylinder 12 of the pressurizing means 11 is prevented. Pressure in
the hydraulic system of the brake arrangement can thus be maintained even if
the linear actuator 14 is not energized. This allows maintaining the brake
device 4 in the release state with minimal energy consumption.

Instead of the hydraulically operable brake devices 4 of figure 2, the brake
device 4 according to the invention could be electrically operated. For instance,
the brake element 5 could be biased to the braking position by means of a
spring, and moved to the retracted position by means of an electrical actuator.

The brake system according to the invention is configured to measure the
pressure in the first fluid chamber 32 and/or in the second fluid chamber 34.
Based on the measured pressure in the first fluid chamber 32 or in the second
fluid chamber 34, the brake force applied to the guide rail 2 or to the brake disc
20 of the hoisting machinery 19 can be determined.

The determined brake force can be used for various purposes. For instance,
based on the determined brake force, the weight of the elevator car 3 can be
determined. By determining the brake force of two or more brake devices 4 of
the elevator car 3, unbalance of the elevator car 3 can be determined. The
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determined brake force also allows fault diagnosis of the brake system. The
determined brake force can also be used for closed loop control of the brake
force.

By using the determined brake force as an input for controlling the braking of
the elevator, undesired phenomena relating to stopping and starting can be
avoided. For instance, controlled braking in case of an emergency stop allows
smooth deceleration of the elevator car 3. Controlled release of the brakes
helps avoiding bouncing in start.

According to an embodiment of the invention, the brake force is determined
based on the pressure in the first fluid chamber 32 or the second fluid chamber
34. The determined brake force is compared to a reference value, and the
brake force is adjusted based on the comparison.

According to another embodiment of the invention, brake force is applied to
the guide rail 2 by means of the brake device 4 to keep the brake caliper 31
stationary relative to the guide rail 2. Pressurized hydraulic fluid is then
supplied into the first fluid chamber 32 or the second fluid chamber 34 to move
the elevator car 3 relative to the brake caliper 31. This allows releasing of an
activated safety gear of the elevator car 3.

According to another embodiment of the invention, the elevator car 3 is moved
along the guide rail 2, and brake force is applied to the guide rail 2 by means
of the brake device 4. The pressure in the first fluid chamber 32 or second fluid
chamber 34 is monitored, and the brake force is adjusted based on the
pressure in the fluid chamber 32, 34 until a predetermined brake force is
reached. The predetermined brake force is then maintained, and the elevator
car 3 is kept moving along the guide rail 2 to clean the brake elements 5 of the
brake device 4 and/or the guide rail 2. This allows a cleanup cycle with
minimum brake force.
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Claims:

1.

A brake device (4) for an elevator car (3) or a hoisting machinery (19) of
an elevator, the brake device (4) being configured to cooperate with a
guide rail (2) of the elevator or with a brake disc (20) of the hoisting
machinery (19) for applying a brake force to said guide rail (2) or brake
disc (20) when actuated, the brake device (4) comprising
a frame (30) that is configured to be rigidly attached to the elevator car
(3) or to a stationary body part (21) of the hoisting machinery (19),
a brake caliper (31) slidably mounted to the frame (30),
at least one brake element (5) that is mounted to the brake caliper (31)
and moveable between a braking position and a retracted position,
brake actuation means (6) and brake release means (7) for moving said
at least one brake element (5) between the braking position and the
retracted position,
a fluid chamber (32) and a piston (33) having a first piston surface (33A)
delimiting said fluid chamber (32), wherein one of the fluid chamber (32)
and the piston (33) is configured to move with the brake caliper (31) and
the other is configured to move with the frame (30) such that a brake
force applied to the guide rail (2) or to the brake disc (20) by means of
the brake device (4) strives to move the piston (33) and the fluid
chamber (32) relative to each other.

A brake device (4) according to claim 1, wherein the brake device (4)
comprises means (40) for monitoring the pressure in the fluid chamber
(32).

A brake device (4) according to claim 1 or 2, wherein the brake device
(4) comprises a second fluid chamber (34) and a piston (35) having a
second piston surface (35A) delimiting the second fluid chamber (35), the
first piston surface (33A) and the second piston surface (35A) facing
opposite directions, wherein one of the second fluid chamber (34) and
the piston (35) having the second piston surface (35A) is configured to
move with the brake caliper (31) and the other is configured to move with
the frame (30) such that a brake force applied to the guide rail (2) or to
the brake disc (20) by means of the brake device (4) strives to move the
piston (35) and the second fluid chamber (34) relative to each other.



10

15

20

25

30

WO 2024/252059 PCT/F12023/050337

10.

16
A brake device (4) according to claim 3, wherein the brake device (4)
comprises means (41) for monitoring the pressure in the second fluid
chamber (34).

A brake device (4) according to claim 3 or 4, wherein the brake device
(4) is configured to allow supply of pressurized hydraulic fluid into the fluid
chambers (32, 34) and discharge of hydraulic fluid from the fluid
chambers (32, 34) to move the frame (30) relative to the brake caliper
(31).

A brake device (4) according to any of the preceding claims, wherein the
brake actuation means (6) comprise at least one biasing spring (6) that
is configured to bias said at least one brake element (5) towards the
braking position and the brake release means (7) comprise at least one
cylinder (8) and a piston (9) moveable within the cylinder (8), the brake
release means (7) being configured to move said at least one brake
element (5) to the release position when hydraulic pressure overcoming
a biasing force caused by said at least one biasing spring (6) is applied
to the piston (9) of the brake release means (7).

A brake system for an elevator, the brake system comprising at least one
brake device (4) according to any of the preceding claims and means
(40) for monitoring the pressure in the fluid chamber (32).

A brake system according to claim 7, wherein the brake system
comprises means (36, 37) for supplying pressurized hydraulic fluid into
the fluid chamber (32).

A brake system according to claim 7 or 8, wherein the brake system is
configured to control the brake force applied to the guide rail (2) or to the
brake disc (20) based on the pressure in the fluid chamber (32).

A brake system according to any of claims 7-9, wherein the brake device
(4) is according to claim 6 and the brake system comprises pressurizing
means (11) configured to pressurize hydraulic fluid and being arranged
in fluid communication with said at least one cylinder (8) of the brake
release means (7) to allow supplying pressurized hydraulic fluid into said
at least one cylinder (8).
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A brake system according to claim 10, wherein the pressurizing means
(11) comprise a hydraulic cylinder (12) and a piston (13) that are
configured to be moveable relative to each other to pressurize hydraulic
fluid in the hydraulic cylinder (12), the hydraulic cylinder (12) being
arranged in fluid communication with said at least one cylinder (8) of the
brake release means (7) to allow supplying pressurized hydraulic fluid
into said at least one cylinder (8).

An elevator comprising an elevator car (3), a hoisting machinery (19) and
a brake system according to any of claims 7-11, wherein said at least
one brake device (4) is mounted to the elevator car (3) or to the hoisting
machinery (19).

A method of operating an elevator according to claim 12, wherein the
method comprises the step of measuring the pressure in the fluid
chamber (32).

A method according to claim 13, wherein the method comprises the step
of determining, based on the measured pressure, the brake force applied
by the brake device (4) to the guide rail (2) or to the brake disc (20).

A method according to claim 13 or 14, wherein the method comprises the
step of determining, based on the measured pressure, the weight of the
elevator car (3).

A method according to any of claims 13-15, wherein the method
comprises the step of controlling, based on the measured pressure, the
brake force applied to the guide rail (2) or to the brake disc (20) by the
brake device (4).

A method according to any of claims 13-16, wherein the method
comprises the steps of applying a brake force to the guide rail (2) or to
the brake disc (20) by means of the brake device (4), determining the
brake force based on the pressure in the fluid chamber (32), comparing
the determined brake force to a reference value, and adjusting the brake
force based on the comparison.

A method according to any of claims 13-17, wherein the brake device (4)
is mounted to the elevator car (3) and the method comprises the steps of
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applying a brake force to the guide rail (2) by means of the brake device
(4) to keep the brake caliper (31) stationary relative to the guide rail (2),
and supplying pressurized hydraulic fluid into the fluid chamber (32) to
move the elevator car (3) relative to the brake caliper (31).

A method according to any of claims 13—18, wherein the brake device (4)
is mounted to the elevator car (3) and the method comprises the steps of
moving the elevator car (3) along the guide rail (2), applying a brake force
to the guide rail (2) by means of the brake device (4), monitoring the
pressure in the fluid chamber (32), adjusting the brake force based on
the pressure in the fluid chamber (32) until a predetermined brake force
is reached, maintaining said predetermined brake force, and keeping the
elevator car (3) moving along the guide rail (2) to clean said at least one
brake element (5) of the brake device (4) and/or the guide rail (2).
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