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Description

Field of the invention

[0001] The present invention relates to an inertia brake for braking a governor rope of an overspeed governor system
of an elevator system.

Related background art

[0002] The following description of background art and examples may include insights, discoveries, understandings
or disclosures, or associations, together with disclosures not known to the relevant prior art, to at least some examples
of embodiments of the present invention but provided by the invention. Some of such contributions of the invention may
be specifically pointed out below, whereas others of such contributions of the invention will be apparent from the related
context.

[0003] Fig. 11 shows an elevator system 1101 according to the related background art. This elevator system 1101
comprises an elevator car 1106 which is connected to a counterweight 1107 via suspension ropes 1113 which go over
a traction wheel 1112 driven by a hoisting machine (not shown). The elevator car 1106 and the counterweight 1107 are
both guided vertically by respective guide rails inside a shaft (both not shown). In the following, the elevator car 1106
and the counterweight 1107 are referred to as the moving mass.

[0004] The elevator system 1101 further comprises a safety circuit having a plurality of normally closed safety switches
for monitoring the safety status of the elevator in normal operation. If the safety of the elevator is somehow compromised,
at least one of the safety switches is opened, the hoisting machine is de-energized and machinery brakes 1116 are
engaged so as to decelerate the moving mass for quick stop. These safety switches can be opened in the event of
opening an emergency exit hatch of the elevator car 1106, arrival at an extreme limit of permitting movement in the
shaft, opening of a door of the elevator car 1106 and so on.

[0005] The elevator system 1101 further comprises an overspeed governor system 1102 for the elevator car 1106,
which has a governor rope loop 1103 directed up from the elevator car 1106, over an overspeed governor pulley 1108,
then down and under a tension weight pulley 1109 connected to a tension weight 1110 and then up again to the elevator
car 1106 to be connected to a synchronization linkage 1114 for tripping an elevator car safety gear 1104. A corresponding
overspeed governor system 1152 can be attached to the counterweight 1107. The elements of the overspeed governor
system 1152 are provided with reference signs which are obtained by adding the value 50 to the values of the reference
signs of the overspeed governor system 1102 for the elevator car 1106.

[0006] The synchronization linkage 1114 has synchronization levers which make the safety gear 1104 of the moving
mass engage the guide rails of the moving mass when at least a predetermined force is applied to the synchronization
linkage 1114 by the governor rope 1103. This predetermined force is acting against spring forces of synchronization
lever springs such that the synchronization lever engages the safety gear when the force applied by the governor rope
1103 exceeds the synchronization lever spring force.

[0007] The overspeed governor system 1102 supervises the speed of the moving mass, and, if this speed exceeds
a predetermined tripping speed which is above a rated speed of the elevator, it opens a further safety switch of the
above-explained safety chain to activate the machinery quick stop operation described above and, simultaneously,
decelerates the governor rope 1103. This deceleration of the governor rope 1103 acts against the spring forces of
synchronization lever springs such that the synchronization lever engages the safety gear 1104, bringing the elevator
car 1106 into an emergency stop.

[0008] Tosummarize, a quick stop operation of the machinery is initiated whenever the elevator safety circuit indicates
a compromised safety status of the elevator.

[0009] Additionally, if the compromised safety status is a result of an overspeed condition of the moving mass, detected
by the overspeed governor, an emergency stop operation is activated by engaging the safety gear of the moving mass.
[0010] However, in high rise elevators, the elevator travel and speed increase such that the inertia of the governor
rope 1103 increases substantially. This brings a new challenge concerning elevator quick stops carried out by the hoisting
machine brakes 1116. Namely, when the governor rope 1103 having the increased length decelerates during the above-
explained quick stop, a large force is applied to the synchronization linkage 1114, because the inertia of the governor
rope 1103 is large. As a result, the decelerating governor rope 1103 is capable of producing forces to the synchronization
linkage 1114 which exceed the needed force to engage the safety gear 1104 when the moving mass is decelerated. In
other words, the safety gear 1104 might be unwantedly engaged or tripped during a quick stop although the speed of
the moving mass has not exceeded the predetermined tripping speed for engaging the safety gear 1104.

[0011] One solution for preventing unwanted safety gear tripping is to increase the synchronization lever spring force.
However, this has an effect on the design of the overspeed governor, since EN-81 codes require that the pull through
force of the governor rope is twice as big as the force needed to engage the safety gear via the synchronization linkage.
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Stronger synchronization leads to bigger overspeed governor pull-through forces and, consequently a stronger and,
thus, heavier overspeed governor rope due to required safety factor. It is evident that this will finally lead to elevator
systems in which there will no more be a feasible design window for overspeed governor and safety gear system. One
approach is to brake the overspeed governor rope by means of an inertia brake.

[0012] So as to certainly prevent the unintended safety gear tripping of the elevator car when the elevator car moves
upward, it is necessary to brake the inertia of the overspeed governor rope of the elevator car in a controlled manner
while at the same time ensuring that safety gear tripping can take place when the elevator car moves downward. The
same applies to unintended safety gear tripping of the counterweight. Also here, so as to certainly prevent the unintended
safety gear tripping of the counterweight when the counterweight moves upward, it is necessary to brake the inertia of
the overspeed governor rope of the counterweight in a controlled manner while at the same time ensuring that safety
gear tripping can take place when the counterweight moves downward.

[0013] Hence, it is the object of the present invention to provide an inertia brake which can brake the overspeed
governor rope of the elevator car or of the counterweight in a controlled manner only when the elevator car or the
counterweight moves upward.

[0014] According to the presentinvention, the above object is solved with an inertia brake according to claim 1. Further
embodiments are defined in the sub-claims.

[0015] With the inertia according to claim 1, the present invention brings about the following advantageous effects.
[0016] The inertia brake according to claim 1 applies a brake force to the overspeed governor rope only when the
overspeed governor rope moves in one direction. For the elevator car governor system, this one direction is the upward
direction of the elevator car because only in this direction, the unintended safety gear tripping of the elevator car is to
be prevented. By contrast, when the elevator car moves downward, there might be a situation in which the inertia brake
is unintentionally operated and tripping of the safety gear of the elevator car would be avoided although the safety gear
has to be tripped. The inertia brake according to the invention ensures that the overspeed governor rope of the elevator
car is braked only when the elevator car moves in the upward direction and thus securely prevents that the safety gear
of the elevator car can be unintentionally tripped when the elevator car moves in the upward direction.

[0017] On the other hand, for the counterweight governor system, this one direction is the upward direction of the
counterweight, i.e. when the elevator car moves downward, because only in this direction, the unintended safety gear
tripping of the counterweight is to be prevented. By contrast, when the counterweight moves downward, there might be
a situation in which the inertia brake is unintentionally operated and tripping of the safety gear of the counterweight would
be avoided although the safety gear has to be tripped. The inertia brake according to the invention ensures that the
overspeed governor rope of the counterweight is braked only when the counterweight moves in the upward direction
and thus securely prevents that the safety gear of the counterweight can be unintentionally tripped when the counterweight
moves in the upward direction.

[0018] Hence, the inertia brake according to the present invention can be applied to an overspeed governor system
for an elevator car as well as to an overspeed governor system for a counterweight.

[0019] According to the embodiment of claim 2, it is possible to accurately control the rope force during braking the
rope so as prevent damages of the rope due to excessive rope forces.

[0020] The embodiment according to claim 3 allows to have a mechanical structure of the inertia brake which provides
a self-boosting effect activated only in the one direction because the main spring urges that movable brake shoe against
the rope such that the friction between the rope and the movable brake shoe acts to move the movable brake shoe
towards the inclined surface of the support block. As a result, the movable brake shoe is further urged against the rope.
This effect is present only when the rope moves in the one direction and this urging is increased due to the interaction
between the movable brake shoe assembly and the inclined surface of the support block. When the rope moves in the
other direction, this interaction is removed and the movable brake shoe is urged against the rope only by the force of
the main spring such that the inertia brake can easily be openend.

[0021] The embodiments according to claims 4 to 6 allow to make provisions for limiting the brake force because the
support block can be moved/pivoted away from the stationary brake shoe. The use of a limiter spring according to claim
6 allows to accurately adjust the limitation of the brake force because it can define a relation between the brake force
and the amount of movement of the support block.

[0022] The embodiment according to claim 7 allows to easily and quickly operate the inertia brake.

[0023] The embodiment according to claim 8 allows to easily arm or reset the inertia brake manually or electrically.
This is improves the workability of the inertia brake.

[0024] The embodiment according to claim 9 allows to avoid frictional forces being directly applied to the overspeed
governor rope during inertia braking because the frictional forces act on a friction surface which is operatively connected
with the axle when the overspeed governor rope moves in the one direction. As a result, wear of the overspeed governor
rope is reduced thus increasing the service life of the rope.

[0025] The embodiments according to claims 10 and 12 allows accurately control the inertia brake force applied to
the overspeed governor rope. As a result, slip between the rope and the pulley can be prevented.
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[0026] The embodimentaccording to claim 11 and 13 allows to effectively implement a structure for applying the brake
force only in the one direction.

Brief description of the drawings

[0027]

Fig. 1 shows an elevator system according to an embodiment of the present invention with the inertia brake provided
at the governor axle and acting to brake the rotation of the governor pulley;

Fig. 2 shows a modification of the elevator system shown in Fig. 1 with an inertia brake provided in the machine
room and acting to directly brake the governor rope;

Fig. 3 shows a configuration of an overspeed governor rope brake according to a first embodiment directly acting
on the governor rope;

Fig. 4 shows a mathematical model of a stationary brake shoe, a movable brake shoe and a support block of the
overspeed governor rope brake according to the first embodiment;

Fig. 5 shows a relationship between a coefficient of friction and a limiting angle of attack of the overspeed governor
rope brake according to the first embodiment;

Fig. 6 shows a relationship between the angle of attack and the braking reaction force of the overspeed governor
rope brake according to the first embodiment;

Fig. 7 shows a model of the movable brake shoe assembly spring-mass system of the overspeed governor rope
brake according to the first embodiment;

Fig. 8 shows a relationship between the time and the displacement of the movable braking shoe assembly of the
overspeed governor rope brake according to the first embodiment;

Fig. 9 shows an electromagnetic overspeed governor axle brake according to a second embodiment of the invention;
Fig. 10 shows an overspeed governor axle disc brake according to a third embodiment of the description.
Fig. 11 shows an elevator system according to the background art

Detailed Description of embodiments

[0028] In the following, description will be made to embodiments of the present invention. It is to be understood,
however, that the description is given by way of example only, and that the described embodiments are by no means
to be understood as limiting the present invention thereto.

[0029] In particular, different exemplifying embodiments will be described using, as an example of an elevator system
to which the embodiments may be applied, an elevator system as depicted and explained in connection with Figs. 1 and 2.
[0030] Itisto be noted that the following examples and embodiments are to be understood only as illustrative examples.
Although the specification may refer to "an", "one", or "some" example(s) or embodiment(s) in several locations, this
does not necessarily mean that each such reference is related to the same example(s) or embodiment(s), or that the
feature only applies to a single example or embodiment. Single features of different embodiments may also be combined
to provide other embodiments. Furthermore, terms like "comprising" and "including" should be understood as not limiting
the described embodiments to consist of only those features that have been mentioned; such examples and embodiments
may also contain features, structures, units, modules etc. that have not been specifically mentioned.

[0031] The general elements and functions of described elevator systems, details of which also depend on the actual
type of elevator system, are known to those skilled in the art, so that a detailed description thereof is omitted herein.
However, it is to be noted that several additional devices and functions besides those described below in further detail
may be employed in an elevator system.

[0032] Fig. 1 shows an elevator system 501 having an elevator car 506 and a counterweight 507, which are both
acting a moving mass and are connected to each other by suspension ropes 513. The suspension ropes 513 are going
around a traction wheel 512 which is driven by a hoisting machine (not shown). Because of the heavy mass hanging on
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both ends of the suspension ropes 513, the suspension ropes 513 do not slide on the traction wheel 512. When the
traction wheel 512 is driven by the hoisting machine and rotates, the elevator car 506 and the counterweight 507 move.
The elevator car 506 and the counterweight 507 are guided by guide rails (not shown) which are mounted to the walls
of the shaft (not shown) in which the elevator system 501 is provided.

[0033] Fig. 1 further shows an overspeed governor (OSG) system 502 for the elevator car 506, which comprises a
governor rope 2 both ends of which are connected to the elevator car 506 (the moving mass). The governor rope 2 goes
around a governor pulley 101; 201 on the top side of the elevator system and goes around a tension weight pulley 509
connected to a tension weight 510 on the bottom side of the elevator system. The governor rope 2 is connected to the
elevator car 506 via a synchronization linkage 514 having synchronization levers for tripping a safety gear 504 against
both guide rails of the elevator car 506.

[0034] Fig. 1 further shows an overspeed governor (OSG) system 552 for the counterweight 507, which comprises a
governor rope 553 both ends of which are connected to the counterweight 507 (the moving mass). The governor rope
553 goes around a governor pulley 558 on the top side of the elevator system and goes around a tension weight pulley
559 connected to a tension weight 560 on the bottom side of the elevator system. The governor rope 553 is connected
to the counterweight 507 via a synchronization linkage 564 having synchronization levers for tripping a safety gear 554
against both guide rails of the counterweight 507.

[0035] Furthermore, Fig. 1 shows that the OSG systems 502, 552 are provided with an inertia brake 107; 207, 555
which is configured to reduce the force applied to the synchronization linkage 514 by the governor rope 2, 553 when
the inertia brake 107; 207, 555 is operated. In more detail, the inertia brake 107; 207, 555 is configured to dissipate the
kinetic energy of the inertia of the governor rope 2, 553. Fig. 1 schematically shows that the inertia brake 107; 207, 555
acts on the governor pulley 101; 201, 558. However, according to Fig. 2, another inertia brake 1, 555’ can act directly
on the governor rope 3.

[0036] In the following, inertia brakes 1; 101; 201 according to a first to third embodiment are described in detail.

First embodiment

[0037] Fig. 3 shows an overspeed governor rope brake (OSG rope brake) 1 according to the first embodiment of the
invention, illustrated in fig. 2. The OSG rope brake 1 comprises a frame 1a for mounting the constituent members of the
OSG rope brake 1 such as a stationary brake shoe 3 und a movable brake shoe 4 between which an OSG rope 2 is
provided. When the movable brake shoe 4 is moved upwards in Fig. 3, the OSG rope 2 is wedged between the brake
shoes 3and 4 such thatthe OSG rope 2is decelerated due to friction between the OSG rope 2 and the brake shoes 3and 4.
[0038] The frame 1a comprises a back plate 1a1, a top plate 1a2, a bottom plate 1a3 and a right side plate 1a4. Each
of the top plate 1a2, the bottom plate 1a3 and the right side plate 1a4 comprises a lug 1b2, 1b3, 1b4 to which a cover
plate (not shown) can be mounted. The back plate 1a1 also comprises a lug 1b1 on the left side, which extends in the
vertical direction, and the cover plate comprises a lug also extending in the vertical direction in a manner opposing the
lug 1b1 of the back plate 1a1. The OSG rope 2 is guided substantially between the lug 1b1 of the back plate 1a1 and
the lug of the cover but slightly displaced to the right side, i.e. towards the inside of the frame 1a.

[0039] The stationary brake shoe 3 is mounted from the outside of the frame 1a to the lug 1b1 of the back plate 1a1
and the lug of the cover for example by means of bolts. The stationary brake shoe 3 comprises on its side facing the
inside of the frame a groove portion 3a which protrudes towards the inside of the frame 1a and extends vertically over
the entire vertical length of the stationary brake shoe 3. The groove portion 3a is configured to come into contact with
the OSG rope 2 whenthe movable brake shoe 4 has been activated. The inner shape of the groove portion 3a corresponds
to the outer shape of the OSG rope 2 such that a large portion of the outer surface of the OSG rope 2 can come into
contact with the friction surface inside the groove portion 3a.

[0040] The movable brake shoe 4 is provided opposite to the stationary brake shoe 3 on the inside of the frame 1a
and is mounted to a linear traverse 5 which comprises a back plate 5a and two side plates 5b, 5¢ which extend from the
back plate 5a towards the outside of the frame 1a. The movable brake shoe 4 is mounted to between the side plates
5b, 5c¢ via a pivot axis 5d allowing the movable brake shoe 4 to slightly pivot so as to ensure that the friction surface of
the movable brake shoe 4 is always parallel to the OSG rope 2, i.e. extends substantially in the vertical direction. The
movable brake shoe 4 and the traverse 5 constitute a movable brake shoe assembly.

[0041] The linear traverse 5 comprises on its lower portion on the side facing the inside of the frame 1a a mounting
plate having a first vertical portion, a horizontal portion and a second vertical portion. A traverse side spring fixing plate
14 is formed on the horizontal portion of the mounting plate in a manner extending upwards therefrom. The traverse
side spring fixing plate 14 provides a pin on which a lower end of a later described main spring 7 can be fixed. Further,
a latch pin holding plate 15 extends from the second vertical portion of the mounting plate and provides a latching pin
16 on which a later described latch 17 can be latched. Since the linear traverse 5 is slightly inclined with respect to the
vertical direction, as will be described further below, also the vertical portions and the horizontal portion of the mounting
plate are slightly inclined to the vertical and horizontal directions, respectively.
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[0042] A supportblock 6 is provided on the rear side of the linear traverse 5 and comprises an inclined contact surface
6a which can come into surface contact with an outer surface of the back plate 5a. The contact surface 6a forms an
angle of attack o in the range of 4° to 8° to the vertical direction. On the lower side, the support block 6 is pivotably
mounted to the frame 1a by means of a bolt which serves as a pivot point 8. The upper side of the support block 6 is
mounted to an upper mounting portion 28.

[0043] On the left side in Fig. 3 of the mounting portion 28, a stopper 12 is provided. The stopper 12 is comprised by
two vertical side plates 12a, the lower ends of which are connected by a stopper plate 12b. The stopper plate 12b is
opposed to the upper side of the movable brake shoe 4 and is adapted to stop the upward movement of the movable
brake shoe 4 when the same comes into contact with the stopper plate 12b.

[0044] On the right side in Fig. 3 of the mounting portion 28, the frame 1a comprises a support plate portion 29 which
supports an adjuster 10 and a guide rail 11 both in a manner extending towards the mounting portion 28. The guide rail
11 is further connected to the mounting portion 28 in a manner to allow the mounting portion 28 to slide thereon towards
the right side. Further, the left end of the guide rail 11 provide a stop for the mounting portion 28 limiting the movement
of the mounting portion 28 in the left direction. The adjuster 10 comprises a spring seat 10a adapted to receive the right
end of a limiter spring 9 which is a compression coil spring. The left end of the limiter spring 9 is received in a spring
seat formed on a rear surface of the mounting portion 28. The limiter spring 9 presses the mounting portion 28 against
the stop of the guide rail 11. The adjuster 10 and the guide rail 11 both extend substantially perpendicular to the extension
direction of the support block 6 and are thus also slightly inclined with respect to the horizontal direction. Furthermore,
the adjuster 10 can be operated in a manner to change the distance between the spring seat 10a and the spring seat
of the mounting portion 28 so as to change the spring force applied to the mounting portion by the spring 9 so as to
adjust the brake force. In the present embodiment, the brake force is adjusted to 1500N.

[0045] A limiter side spring fixing means 13 is fixed to the mounting portion 28 on the lateral side thereof and is adapted
to receive the upper end of the main spring 7. The position of the limiter side spring fixing means 13 is such that the
extensions direction of the main spring 7 in the un-activated state of the OSG rope brake 1 is slightly more inclined with
respect to the vertical direction than the contact surface 6a of the support block 6 is inclined to the vertical direction.
[0046] The above described latch 17 is provided below the latch pin holding plate 15 and it is provided in the form of
a lever which is pivotably connected to the frame 1a via a latch pivot point 18. On the upper side, the latch 17 comprises
a latching recess 17a which can engage with the latching pin 16 of the latch pin holding plate 15. The latch 17 further
comprises an inclined guide surface 17b above the latching recess 17a along which the latching pin 16 can slide when
the latch pin holding plate 15 is moved downwardly so as to arm the movable brake shoe 4, as will be explained further
below in more detail.

[0047] On its lower end, the latch 17 is provided with a spring fixing pin 22 on which one end of a latch return spring
21 can be engaged. The other end of the latch return spring 21 is fixed to a guide pin 23 which is guided in a guide
groove 24 formed in the lower portion of a solenoid mounting pate 25.

[0048] A solenoid 19 is mounted to the solenoid mounting plate 25 and is configured to operate an operating shaft 20
which is connected to the latch 17 at a position substantially on the half-way between the latch pivot point 18 and the
spring fixing pin 22. When the solenoid 19 is activated, the operating shaft 20 pushes the latch 17 to the left side in Fig.
3 such that the latch 17 pivots about the latch pivot pin 18 against the return force of the latch return spring 21. As a
result, the latching recess 17a disengages from the latching pin 16 such that the linear traverse 5 can be pulled upwards
by the main spring 7. Since the spring load of the main spring 7 acts between the latching pin 16 and the latching recess
17a, a needle roller bearing is provided over the latching pin 16 so as to reduce the friction force between the latching
pin 16 and the latching recess 17.

[0049] By using the solenoid 19 for deploying the OSG rope brake 1, unwanted braking can be avoided. A signal for
engaging the brake can be taken from a main contactor signal from the elevator controller.

[0050] A switch 27 is mounted to the upper end of the solenoid mounting plate 25 to monitor the engagement/disen-
gagement status of the OSG rope brake 1.

[0051] Fig. 3 shows also a linear actuator 26 which is mounted to the frame 1a at a position below the linear traverse
5 and comprises an arming shaft 26a which is connected to the linear traverse 5. In more detail, the arming shaft 26a
comprises at its top end a laterally extending mounting pin 26b having its both ends guided in respective guide slots 5e
formed in the side plates 5b, 5c of the traverse 5. Fig. 3 shows a state in which the mounting pin 26b is not yet mounted
to the guide slots 5e. The pins 26b comprise linear ball bearings which provide an extremely low dynamic friction when
sliding in the guide slots 5e. The guide slots 5e are formed substantially parallel to the contact surface 6a of the support
block 6.

[0052] As regards the solenoid 19 and the linear actuator 26, an uninterrupted power supply (UPS) should be used
to resolve building wide power loss situations. Also, a robust control logic is required.

[0053] Now, the operation of the rope brake 1 is described as follows. Starting from the state shown in Fig. 3, the rope
brake 1 is armed by operating the linear actuator in such a manner that the traverse 5 is pulled downwards against the
spring force of the main spring 7. During this movement of the traverse 5, the latching pin 16 comes into contact with



10

15

20

25

30

35

40

45

50

55

EP 3 517 473 A1

the guide surface 17b of the latch 17. As a result, the latch 17 is pivoted about the latch pivot point 18 against the return
force of the return spring 21 until the latching pin 16 engages with the latching recess 17a. In this state, the rope brake
1 is armed in sense of that the main spring 6 is loaded to apply a spring force to the traverse 5. Also, in this state, the
movable brake shoe 4 is moved away from the stationary brake shoe 3 such that no braking force is acting on the OSG
rope 2.

[0054] Then, when the machinery brake of the elevator decelerates the elevator car so as to perform a quick stop of
the elevator car while the elevator car is moving upward, the OSG rope 2 needs to be braked so as to avoid unintended
safety gear tripping. For this purpose, the solenoid 19 is electronically operated such that the operating shaft 20 is pushed
out and the latch 17 rotates about the latch pivot point 18. As a result, the latching groove 17a releases the engagement
of the latching pin 16 and thus allows the movement of the traverse 5. With the movement being allowed, the spring
force of the main spring 7 acts on the traverse 5 and pulls the same upwards while the traverse 5 is guided along the
contact surface 6a of the support block 6 which supports the traverse 5 and thus the movable brake shoe 4 from the left
side in Fig. 3. As a result, the movable brake shoe 4 which is mounted to the traverse 5 comes into contact with the
OSG rope 2 and presses the OSG rope 2 into the groove portion 3a of the stationary brake shoe 3 such that a frictional
force acts between the OSG rope 2 and a friction surface 4a of the movable brake shoe 4 and friction surfaces of the
groove portion 3a. Hence, the OSG rope 2 is decelerated.

[0055] Furthermore, since the OSG rope 2 is moving upward with respect to the rope brake 1, the above explained
friction force brings about the effect that a further upwardly directed force is applied to the movable brake shoe 4 in
addition to the spring force of the main spring 7 such that the movable brake shoe 4 moves further upward and is pressed
against the inclined contact surface 6a of the support block 6 thus generating a self-latching force. Because the support
surface 6a of the support block 6 and the back plate 5a of the traverse 5 are inclined with respect to the friction surface
4a of the movable brake shoe 4, the upward movement of the traverse 5 pushes the support block 6 horizontally such
that the support block 6 pivots about the pivot point 8 against the spring force of the limiter spring 9. This pivoting
movement of the support block 6 results in that the upper mounting portion 28 moves to the right side in Fig. 3 while
being guided on the guide rail 11 thus compressing the limiter spring 9. As a result, the movable brake shoe 4 moves
away from the stationary brake shoe 3 so that the distance between both brake shoes 3, 4 increases. Thus, the braking
force is limited to a specific limit brake force in accordance with the spring force provided by the limiter spring 9.
[0056] The pivoting movement of the support block 6 is limited by the limited movement of the movable brake shoe 4
established by the stopper 12 of the upper mounting portion 28. When the friction force between the rope 2 and the
movable brake shoe 4 is very large, the movable brake shoe 4 is moved upward until it contacts the stopper plate 12b
of the stopper 12.

[0057] When the quick stop of the elevator car is finished, the linear actuator 26 is operated so as to release the
movable brake shoe 4 from between the stationary brake shoe 3 and the support block 6 and to arm the traverse 5 for
the next quick stop by engaging the latching pin 16 with the latching groove 17a of the latch 17. Therein, the linear
actuator 26 overcomes the self-locking force generated by the movable brake shoe 4 being wedged between the stationary
brake shoe 3 and the support block 6, as well as the spring force of the main spring 7. The status and the position of
the moving components (the movable brake shoe assembly) is detected by limit switches and a built-in potentiometer
on the linear actuator 26.

[0058] Now the self-locking behaviour of the tope brake 1 is explained on the basis of Fig. 4 which shows the geometry
of the stationary brake shoe 3, the movable brake shoe 4, the rope 2 and the support block 6 as well as the forces and
the rope velocity acting thereon.

[0059] The symbol v refers to the velocity of the overspeed governor rope 2, . refers to the coefficient of friction
between the rope 2 and the brake shoes 3, 4, Fer refers to the total friction on the rope 2, F,JL refers to the reaction force
of F ., F5 refers to the force of the main spring 7, Fy, refers to the normal force which is normal to the inclined contact
surface 6a of the support block 6, F refers to the force of the rope 2 on the moving brake shoe 4 (reaction force of the
braking force), a refers to the limiting angel of attack which is defined between the contact surface 6a and the vertical
direction, i.e. the direction parallel to the friction surface of the movable brake shoe 4.

[0060] In the following analysis, the gravity is ignored for simplicity. During operation, the brake generates the friction
force Fer on the OSG rope 2. The reaction force FPL is split between the two brake surfaces of the movable brake shoe
4 and the stationary brake shoe 3. As is explained above, the movement of the movable brake shoe 3 is guided by
means of the guide slots 5e and the linear ball bearings of the linear actuator 26 whose dynamic friction is extremely
low and can be ignored in this mathematical analysis.

[0061] The friction force and its reaction force are given as follows

(1) Fu=-Fu

[0062] The value of the reaction force is given by
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(2) Fu= Fu = dFin; n=2 (n = number of brake surfaces)

[0063] Since the force will be divided into two parts, the force on each brake shoe 3, 4 is obtained from (2) as %2 F, = p.F4
[0064] The limiting angle of attack is given as

(3)Tan (@) = (Fa+ pF1)/Fi=Fa/ F1 + 1

[0065] Given that u = 0,15, F4 = 4000N and F, = 200N, then o. = 11,3° and F ;. = 1200N.

[0066] This angle a is to be understood as a limit angle above which the self-locking action is not working. This means,
that the angle of the inclined contact surface 6a of the support block needs to be smaller than the limit angle a so as to
ensure the self-locking action. Fig. 5 shows the dependency of the limit angle o on the coefficient of friction for different
forces F, of the main spring 7.

[0067] Furthermore, the equation of (3) can be formulated as follows: F4 = F, / (tan(a) - ). As can be seen from this
equation, when tan(a.) approaches ., the force F will tend to be infinity which allows the conclusion that this corresponds
to the locking behaviour. It is further indicated that this model is not valid for angles at which tan(a) < ..

[0068] Fig. 6 shows values of the brake force F, for different angles o and different forces F, of the main spring 7.
The plots in Fig. 6 indicate parameter values which will result in proper self-locking behaviour, but the model does not
take into account the force limiting system provided by the support block 6 which is pivotable against the spring force
of the limiter spring 9.

[0069] Now, the movement of the moving brake shoe assembly comprising the movable brake shoe 4 and the traverse
5 is described on which the spring force of the main spring 7 is acting. When the rope brake 1 is operated, the moving
brake shoe assembly is free to accelerate to the movement along the linear ball bearings of the actuator 26 for example
for about 50mm. Thereafter, the movable brake shoe 4 comes into contact with the OSG rope 2. Within this free travel,
the components act as a simple, almost undamped spring-mass system. The following analysis is limited to the period
until the time point of contact between the moving brake assembly with the OSG rope 2 because thereafter, the system
will be too complex for analytic solution. Also, friction forces are not taken into account and gravity will effect only the
equilibrium position of the mass but not the relative displacement from the equilibrium position. In the device according
to the embodiment, the equilibrium position will never be reached because the movable brake shoe assembly makes
contact with the OSG rope 2 before reaching the equilibrium position.

[0070] Fig. 7 shows the moving brake shoe assembly as a spring-mass system.

[0071] The free displacement is given by

X1 (t) = xocos(wt) and w=Vv(k/m);
wherein

X4 (1) ... Displacement of assembly/mass from system equilibrium position

Xg -.. Initial displacement from equilibrium position

o ... Angular velocity of mass-spring system

k ... Spring constant

m ... Lumped mass of moving brake shoe assembly and effective spring mass

[0072] At equilibrium, the spring is stretched by a force of mg cos(a). The angle of attack a (angle with respect to the
vertical direction) is small such as in the order of 5°. Hence, it can be concluded that cos (5°) ~ 1. For this reasons, it
can be assumed that the system is vertical.

[0073] For this analysis, four different springs were modelled.

Springnumber | k(N/mm) m = 6kg
1 4,37
2 4,37
3 2,19
4 1,42
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[0074] For each spring, the parameters o and x, are different and depend on the spring parameters. The unloaded
spring length is I = 176 ... 196 mm. The spring is loaded by gravity and the resulting change in length is given by

Aleg = (Mg-Fo)/k

Algg ... length change of spring at equilibrium
Fg ... Preload force of spring

[0075] The initial displacement from the equilibrium position is given by
Xo = |max - |eq
|eq = |0 + Aleq fOI’ Aleq>0

|eq = |0, fOI’ Alquo

Imax --- Maximum spring length when moving brake shoe assembly is armed
qu ... Equilibrium length of spring

[0076] At deployment (t=0s), the displacement from rest, or the armed position x(t) is given by

x(t) = xo(1-cos(wt))

x(t) ... four different springs which are shown in Fig. 8

[0077] Fig. 8 shows the displacement x(t) for four different springs.

[0078] In the OSG rope brake 1 of the first embodiment, when the solenoid 19 is operated, the movable brake shoe
4 and the related linear traverse 5 move along a linear path at the angle of attack a provided by the inclined surface 6a
by being pulled by the main spring 7. The angle of attack a is determined such that the brake becomes self-locking after
a suitable initial force has been administered by the main spring 7. When the movable brake shoe 4 contacts the OSG
rope 2, it begins to brake the OSG rope 2 by friction. The movement of the OSG rope 2 moves the movable brake shoe
further along the inclined surface 6a thus increasing the contact pressure between the movable brake shoe assembly
and the inclined surface 6a of the support block 6. In turn, this increased contact pressure increases the brake force
such that the system is self-boosting. Due to the mechanical structure of the stationary brake shoe 3, the movable brake
shoe 4 and the support block 6, this self-boosting feature activates only in the desired direction, i.e. the direction in which
the OSG rope 2 moves when the elevator car is moving upward. By contrast, when the OSG rope brake is unintention-
allyjp+; operated when the elevator car moves in the downward direction and the OSG rope 2 shall not be braked, the
movable brake shoe 4 will be pulled by the movement of the OSG rope 2 in the direction to open the brake. In this
direction, the inclined surface 6a does not act on the movable brake shoe 4 such that there is no effect of self-boosting.
The only force acting on the movable brake shoe 4 is the spring force of the main spring 7, which, however provides no
noticeable brake force.

[0079] With the OSG rope brake 1 according to this embodiment, unintended activation of the safety gear is avoided
in case of unplanned rapid stopping in upward direction, such as a so-called quick stop.

[0080] Further, existing overspeed governor components can be extended to higher elevator travels.

[0081] The dissipation of the energy of the rope inertia can be well controlled and obtained to a high level.

[0082] The OSG rope brake 1 can easily be monitored and the equipment can be mounted to the machine room and
need not to be mounted to the shaft.

[0083] In amadification of the present embodiment, the support block 6 can also be provided in a manner to be linearly
movable in the direction substantially perpendicular to the inclined surface 6a instead of being pivotable. In this modifi-
cation, a pair of limiter spring 9 and guide rail 11 control the linear movement of the support block 6.

Second embodiment

[0084] Fig. 9 shows an overspeed governor 100 having a pulley 101 attached to an axle 102 which is supported by
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bearings 103, 104 each provided in a bearing housing 105, 106. An overspeed governor rope, which is not shown in
Fig. 9, is laid over the pulley 101 and the overspeed governor rope transmits its movement to the pulley 101 via friction.
Hence, when an elevator car connected to the overspeed governor rope moves, the overspeed governor rope moves
together with the elevator car and makes the pulley 101 rotate. When the moving speed of the pulley 101 exceeds a
certain threshold, a braking mechanism (not shown) is activated which totally brakes down the pulley 101 and thus the
overspeed governor rope and brings the elevator car to stop.

[0085] The overspeed governor 100 further comprises an electromagnetic OSG axle brake 107 which is constituted
substantially by a rotating armature 108 and a coil housing 109. In this embodiment, the coil housing 109 is fixed to the
bearing housing 106 and has a substantially ring-like shape with a substantially ring-shaped coil 110 being placed in
the coil hosing 109. On the side facing away from the pulley 101, the coil housing 109 comprises a ring-shaped friction
surface 111 having the property of providing a suitable frictional coefficient for braking purposes.

[0086] The rotating armature 108 has a disc-like shape and its surface opposing the friction surface 111 of the coil
housing 109 is also a friction surface 115 having the property of providing a suitable frictional coefficient for braking
purposes. The rotating armature 108 is connected to an armature hub 112 which is mounted to a one-way backstop
bearing 113 via a bolt 114. The one-way backstop bearing 113 is fixed to a protruding portion 102a of the axle 102 which
protrudes from the bearing housing 106 in the direction opposite to the pulley 101. The one-way backstop bearing 113
has the property that it allows the rotating armature 108 to rotate together with the shaft 102 only in one rotation direction
of the shaft 102, wherein this rotation direction corresponds to the direction in which the elevator car moves upwards.
Furthermore, the rotating armature 108 is made from a magnetic material.

[0087] When the coil 110 is energized, the rotating armature 108 is electromagnetically attracted to the coil housing
109 thus generating a brake force. When the coil 110 is de-energized, not-shown springs act to displace the rotating
armature 108 and the coil housing 110 from each other so as to disengage the brake 107.

[0088] The operation of electromagnetic OSG axle brake 107 will be explained further below.

Third embodiment

[0089] Fig. 10 shows an overspeed governor 200 which is similar to the overspeed governor 100 of Fig. 9. The
overspeed governor 200 has a pulley 201 attached to an axle 202 which is supported by bearings 203, 204 each provided
in a bearing housing 205, 206. An overspeed governor rope, which is not shown in Fig. 10, is laid over the pulley 201
and the overspeed governor rope transmits its movement to the pulley 201 via friction. Hence, when an elevator car
connected to the overspeed governor rope moves, the overspeed governor rope moves together with the elevator car
and makes the pulley 201 rotate. When the moving speed of the pulley 201 exceeds a certain threshold, a braking
mechanism is activated which totally brakes down the pulley 201 and thus the overspeed governor rope and brings the
elevator car to stop.

[0090] The overspeed governor 200 further comprises an OSG axle disc brake 207 which is constituted substantially
by a rotating brake disc 208 and a calliper 209. In this embodiment, the calliper 209 is fixed to the bearing housing 206
and houses brake pads 210 and 211 which can be pressed against the rotating brake disc 208 by operating a brake
cylinder also provided in the calliper 209. The brake cylinder is hydraulically operated and the hydraulic pressure in the
brake cylinder can be controlled by a hydraulic circuit having an electromagnetic valve (not shown). Furthermore, when
the brake cylinder is not operated, not-shown springs acts to displace the brake pads 201 and 211 from each other so
as to disengage the brake 207.

[0091] The brake disc 208 has a disc-like shape and its surfaces opposing the friction surfaces of the brake pads 210,
211 of the calliper 209 are also friction surfaces having the property of providing a suitable frictional coefficient for braking
purposes. The brake disc 208 is mounted to a one-way backstop bearing 213 via a bolts. The one-way backstop bearing
213 is fixed to a protruding portion 202a of the axle 202. The one-way backstop bearing 213 has the property that it
allows the brake disc 208 to rotate together with the shaft 202 only in one rotation direction of the shaft 202, wherein
this rotation direction corresponds to the direction in which the elevator car moves upwards.

[0092] When the hoisting machinery of the elevator is operated to perform a quick stop of the elevator car, the governor
rope is strongly decelerated. So as to avoid an unintentional safety gear tripping, the overspeed governor rope has to
be decelerated by means of the OSG axle brake 107 or 207 so as to dissipate the energy of the governor rope inertia.
[0093] In the second embodiment, the coil 110 of the OSG axle brake is energized to a certain amount such that the
rotating armature 108 is attracted to the coil housing 109, thus generating a brake force by means of the two friction
surfaces 111 and 115.

[0094] In the third embodiment, the electromagnetic valve (not shown) is operated to a certain amount such that the
brake pads 210 and 211 inside the calliper 209 are pressed against the rotating brake disc 208, thus generating a brake
force by means of the friction surfaces between the brake pads 210 and 211 and the friction surfaces of the rotating
brake disc 208.

[0095] The dissipated energy of the governor rope’s inertia can be controlled by adjusting the voltage and/or current
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applied to the coil 110 (second embodiment) or the electromagnetic valve (third embodiment). This control is configured
in a manner that the brake force applied by the inertia brake to the overspeed governor rope is limited to a specific limit
brake force such that the rope does not slip on the pulley 101, 201. This allows to minimize the wear of the pulley 101,
201 and of the rope. Furthermore, the rope force can be controlled accurately. The brake force applied by the inertia
brake can also be limited to a specific limit brake force by selecting suitable dimensions and properties of the friction
surfaces and/or brake pads.

[0096] Furthermore, due to the one-way backstop bearing 113, 213, even when the brakes 107, 207 are operated
when the elevator car moves downward, the braking force applied to the rotating armature 108 or the brake disc 208
will not be transmitted to the axle 102, 202 such that braking of the OSG rope can be prevented when the elevator car
moves downward. Hence, even if the brakes 107, 207 are unintentionally|kp,) operated during downward movement of
the elevator car, safety gear tripping is always ensured when the elevator car moves downward.

[0097] Bothbrakes 107,207 are electrically operated, so that unwanted braking can be avoided. Itis further of advantage
to use an uninterrupted power supply (UPS) to resolve building wide power loss situations. Further, robust control logic
is required. The signal for engaging the brake can otherwise be taken from the main contactor signal from the elevator
controller.

[0098] With the brakes 107, 207 according to these embodiments, unintended activation of the safety gear is avoided
in case of unplanned rapid stopping in upward direction, such as a so-called quick stop.

[0099] Further, existing overspeed governor components can be extended to higher elevator travels.

[0100] The dissipation of the energy of the rope inertia can be well-controlled and obtained to a high level.

[0101] Compared to alternative solutions, a robust design with few parts can be obtained.

[0102] The brakes 107, 207 are practically maintenance-free or only require little maintenance. In case of an ALTRA-
brand electromagnetic brake, an autogap solution is used.

[0103] Further, the brakes 107, 207 are easy to adjust and easy to monitor. It is further not necessary to mount the
brakes 107, 207 to the shaft and they can be mounted in the machine room. Also, they provide a compact design.
[0104] Compared to the OSG rope brake of the first embodiment, OSG axle brakes 107, 207 are better for the OSG
rope life time, since no contact with the rope is made during braking action.

Claims

1. Inertia brake (1) for braking an overspeed governor rope (2) of an overspeed governor system of an elevator system,
wherein the inertia brake (1) is adapted to apply a brake force to the overspeed governor rope (2) upon quick stop
of the elevator system only when the overspeed governor rope (2) moves in one direction and not to apply the brake
force to the overspeed governor rope (2) when the overspeed governor rope (2) moves in the other direction.

2. Inertia brake (1) according to claim 2, wherein the inertia brake (1) is adapted to limit the brake force applied by the
inertia brake (1) to the overspeed governor rope (2) to a specific limit brake force.

3. Inertia brake (1) according to claim 1 or 2, wherein the inertia brake (1) is a rope brake comprising:

a stationary brake shoe (3) and a movable brake shoe assembly at least comprising a movable brake shoe (4),
wherein the overspeed governor rope (2) is guided between the stationary brake shoe (3) and the movable
brake shoe (4),

a support block (6) having an inclined contact surface (6a) for supporting the movable brake shoe (4) when the
rope brake is activated, and

a main spring (7) for urging the movable brake shoe assembly toward the inclined contact surface (6a).

4. Inertia brake (1) according to any one of the preceding claims, wherein the support block (6) is movably mounted
to a frame (1a) of the inertia brake (1) so as to be movable in a direction substantially perpendicular to the inclined
contact surface (6a).

5. Inertia brake (1) according to any one of claims 1 to 3, wherein the support block (6) is pivotably mounted to a frame
(1a) of the inertia brake (1) at a pivot point (8) which is provided on the side of the support block (6) from which the
movable brake shoe assembly is urged toward the inclined surface (6a) by the main spring (7).

6. Inertia brake (1) according to claim 4 or 5, further comprising a limiter spring (9) which acts against the movement

of the support block (6) away from the overspeed governor rope (2) by applying a spring force urging the support
block (6) toward the governor rope (2).

1"



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

EP 3 517 473 A1

Inertia brake (1) according to any of claims 3 to 6, further comprising a deployment mechanism for deploying the
movable brake shoe assembly from an armed state in which the movable brake shoe assembly is engaged and
displaced from the inclined contact surface (6a) of the support block (6) into a deployed state in which the main
spring (7) is allowed to urge the movable main spring assembly against the inclined contact surface (6a).

Inertia brake (1) according to any one of claims 3 to 7, further comprising an arming mechanism for moving the
movable brake shoe assembly away from the inclined contact surface (6a) and for bringing the movable brake shoe
assembly into the armed state.

Inertia brake (107; 207) according to claim 1 or 2, wherein the overspeed system (100; 200) comprises a pulley
(101; 201) attached to an axle (102; 202), wherein the inertia brake (107; 207) is an axle brake having a friction
surface which is operatively connected with the axle (102; 202) only when the overspeed governor rope moves in
said one direction.

Inertia brake (107) according to claim 9, wherein the inertia brake (107) is an electromagnetic axle brake having a
coil (110) adapted to apply an electromagnetic attraction force to a rotating armature (108) connected to the axle
(102) when the coil (110) is energized.

Inertia brake (107) according to claim 10, further comprising a one-way backstop bearing (113) allowing the rotating
armature (108) to rotate only in one rotation direction in relation to the axle (102; 202).

Inertia brake (207) according to claim 9, wherein the inertia brake (207) is an axle disc brake having a brake disc
(208) connected to the axle (202) and having a brake cylinder adapted to press brake pads (210, 211) towards the
brake disc (208) when the brake cylinder is operated.

Inertia brake (207) according to claim 12, further comprising a one-way backstop bearing (213) allowing the brake
disc (208) to rotate only in one rotation direction in relation to the axle (102; 202).

Overspeed governor system for an elevator car (506), the overspeed governor system comprising an inertia brake
(1; 107; 207) according to any one of the preceding claims and an overspeed governor rope (2), wherein the one
direction is the upward moving direction of the elevator car (506).

Overspeed governor system for a counterweight, the overspeed governor system comprising an inertia brake (1;

107; 207) according to any one of the preceding claims and an overspeed governor rope (2), wherein the one
direction is the upward moving direction of the counterweight.

12
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