97059627 A1 I 0O 000 D 0O

O

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

(19) World Intellectual Property Organization Vd”Ij

) IO O T O 50O

International Bureau

(43) International Publication Date
14 May 2009 (14.05.2009)

(10) International Publication Number

WO 2009/059627 Al

(51) International Patent Classification:
F16D 49/00 (2006.01)

(21) International Application Number:
PCT/EP2007/009737

(22) International Filing Date:
9 November 2007 (09.11.2007)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant (for all designated States except US): OTIS EL-
EVATOR COMPANY [US/US]; Ten Farm Springs Road,
Farmington, CT 06032-2568 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LAZAR, David
[CZ/CZ]; Otis Czech Republic, Jana Opletala 1279, 690 59
Breclav (CZ). VRSECKY, Martin [CZ/CZ]; Otis Czech
Republic, Jana Opletala 1279, 690 59 Breclav (CZ).

(74) Agent: KLUNKER.SCHMITT-NILSON.HIRSCH;
Winzererstrasse 106, 80797 Miinchen (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
of inventorship (Rule 4.17(iv))

Published:
with international search report

(54) Title: BRAKING DEVICE FOR A PASSENGER CONVEYOR

B

(57) Abstract: This invention relates to a braking device (10) for a passenger conveyor comprising at least one movable part (12).
The braking device (10) comprises a braking element (18) having a braking portion (34) engageable with the movable part (12) of
- the passenger conveyor. The braking element (18) is movable in a first direction into a position in which the braking portion (34)
e engages with said movable part (12) of the passenger conveyor. The braking element (18), in a state in which the braking portion (34)
engages with the movable part (12) of the passenger conveyor, is movable in a second direction from a position of initial engagement
of the braking portion (34) into a braking position of the braking element (18). The movement in the second direction is driven by

movement of the movable part (12) of the passenger conveyor.
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K70 821/8

Braking device for a passenger conveyor

The present invention relates to a braking device for a passenger conveyor,
particularly to a braking device to be used as an auxiliary brake of a passenger

conveyor in an emergency or otherwise abnormal situation.

Passenger conveyors are e.g. escalators or moving walkways. Escalators are
passenger conveyors that typically carry passengers between landings at different
levels in buildings, for example. Moving walkways are usually used to carry

passengers along levels extending horizontally or with only slight inclination.

An escalator or moving walkway typically includes a frame, balustrades with
movable handrails, tread plates, a drive system and a step chain for propelling the
tread plates. The step chain travels in an endless way between guide sheaves
located at an upstream landing and a downstream landing, respectively. The
frame includes a truss section on both left and right hand sides of the frame. Each
truss section has two end sections forming landings, connected by an inclined or -
in case of a moving walkway - possibly also horizontal midsection. One of the
landings, e.g. in case of an escalator usually the upper landing, houses the drive

system or machine of the passenger conveyor positioned between the trusses.

The drive system of an escalator or moving walkway typically comprises the step
chain, a step chain drive sheave (e.g. in the form of a sprocket or toothed wheel),
an axle and a drive motor. The step chain travels a continuous, closed loop,
running from one landing to the other landing, and back. To the step chain the
tread plates are attached. The drive motor drives the drive sheave which is,
directly or via a further transmission, in a driving connection with the step chain.
Commonly the final drive is realized as a pair of sheaves located in a turn around

area. The drive sheaves are based on tread plate size and are commonly of a 750
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mm diameter for most escalator systems. The drive sheaves drive the step chain.
Alternative approaches involve one or more machines located in the escalator
incline or midsection of the moving walkway. These machines also drive the step

chain via a drive sheave.

There are a variety of conditions when a brake should be activated to
automatically stop or prevent further movement of the step chain. For example, in
an escalator, when there is a failure of drive transmission between the motor and
the step chain, there is a need to control the position of the escalator steps, since
without the motive force of the motor, normal gravitational forces may cause

undesirable movement of the escalator steps.

For any passenger conveyor, further an auxiliary braking device should be
available for being activated under abnormal conditions. Such auxiliary braking
device should allow safe stopping of any moving parts of the passenger conveyor,
particularly the step chain and the tread plates, and holding these parts in a
stationary condition, until the abnormal condition is resolved. It is important for
the auxiliary braking device that it can be activated reliably even in case of
complete failure of the drive system of the passenger conveyor and/or its control,

and is able to maintain a blocked condition for considerable time.

Known constructions for an auxiliary brake include a wedge-type construction and

a calliper-typer construction.

The wedge-type construction is mechanically controlled and uses a wedge biased
by a spring such as to be pushed by the spring between a brake disc and a
stationary member, usually a crossbar, upon activation. The wedge-type
construction provides a self-locking effect for the auxiliary brake, as the rotary
movement of the brake disc will induce further movement of the wedge between
the brake disc and the stationary member, once sufficient friction fit between the

brake disc and the wedge is established. However, for releasing the auxiliary brake
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and returning back the passenger conveyor to the stand-by position the passenger
conveyor has to be started and operated for a short period of time in reverse

direction. This is cumbersome.

The calliper-type construction is electrically controlled and uses a brake lever
which, upon activation, falls under its own gravity onto a brake disc to apply a
braking force on the brake disc. For sufficient performance, the brake disc needs
to have a well defined shape, and thus is complicated to manufacture, and further
the brake lever needs to have substantial weight. Thus, a large force is necessary
to bring the brake lever from its activated position back into its inactivated
position to return the passenger conveyor into its stand-by condition. Hence, the
caliper-type construction is costly and requires considerable space, particularly for

the drive.

It is desirable for such auxiliary braking devices to require a minimum of power for
activation and maintenance of a blocked condition, as well as for resetting the
brake system into an inactive stand-by condition. Particularly, the auxiliary braking
device should provide a self-locking effect when being activated. Furthermore, it
would be beneficial if the auxiliary braking device provides the possibility of easy

and convenient restart of the passenger conveyor.

An exemplary embodiment of this invention provides a braking device for a
passenger conveyor comprising at least one movable part. The braking device
comprises a braking element having a braking portion adapted to be engaged
with the movable part of the passenger conveyor. The braking element is movable
in a first direction into a position in which the braking portion engages with the
movable part of said passenger conveyor. The braking element, in a state in which
the braking portion engages with the movable part of the passenger conveyor, is
movable in a second direction from a position of initial engagement of the braking

portion into a braking position of the braking element. The movement of the
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braking element in the second direction is driven by movement of the movable

part of the passenger conveyor.

A further exemplary embodiment of this invention provides a passenger conveyor
including a braking device, particularly an auxiliary braking device, as outlined

above.

Exemplary embodiments of the invention will be described in greater detail below

taking reference to the accompanying drawings.

Figure 1 shows in a perspective view an embodiment of an auxiliary braking

device in an inactivated state;

Figure 2 shows in a side elevation the embodiment of Figure 1 in an

inactivated state;

Figure 3 shows in a side elevation the embodiment of Figures 1 and 2 in an

activated state;

Figure 4 shows an enlarged view of the embodiment in the activated state

according to Figure 3 partly in cross section;

Figure 5 shows a plan view on a detail of the embodiment shown in Figure

4; and
Figure 6 shows an enlarged detail of Figure 4.

In Figure 1 and in all subsequent Figures an auxiliary braking device according to
an embodiment is generally designated by 10. Figure 1 shows in a perspective
view the auxiliary braking device 10 in an inactivated state. 12 depicts a sprocket

of an escalator or a moving walkway, both of which are possible embodiments of
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a passenger conveyor. The sprocket 12 is supported rotatably around a shaft 14,
which shaft 14 is directly or via a transmission connected to a drive motor (not
shown) of the passenger conveyor. Operation of the drive motor thus will rotate
the sprocket. The sprocket 12 drives a step chain (not shown) of the passenger
conveyor. For example, an endless drive belt (not shown) may be passed around
the sprocket 12 such as to engage with radially projecting teeth (one of which is
designated by 16 in Figure 1) provided around the periphery of the sprocket 12.
In operation, the drive belt engages with the step chain of the passenger
conveyor, such that the step chain will travel in an endless way between the one
of landings of the passenger conveyor at which the sprocket 12 is located (for
example, the upper landing in case of the passenger conveyor being an escalator),
and the other one of landings of the passenger conveyor. In this way the sprocket
12 defines a plane perpendicular to the shaft 14 in which plane the step chain of

the passenger conveyor will travel.

The sprocket 12 may be connected directly with the output shaft of the driving
motor, e.g. an electric motor, such as to be driven by rotation of the output shaft.
Alternatively, such driving connection might be realized via a transmission, for
example by way of an output sheave fixedly coupled with the output shaft of the
drive motor (which may also be an electric motor), a motor drive belt passed
around the output sheave and also passed around a main drive sheave (not
shown) of large diameter, the main drive sheave being coupled in a rotatably fixed
relation with the sprocket 12. e.g. the main drive sheave may be secured in a
rotatably fixed relation to the shaft 14 or may be formed integrally with the
sprocket 12. In the illustrated example, during normal operation of the passenger
conveyor, i. e. in the inactivated position of the auxiliary braking device 10 or any
other braking device, the sprocket 12 rotates in counterclockwise direction, as is

indicated by arrow A in Figures 1 and 2.

The auxiliary braking device 10 comprises a braking element 18, a slider 20 having

the function of a stopping element, a supporting member 22, a base 24, arod
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(see Figures 3 and 4), a main spring member 28, a return spring member 30, and
a solenoid 32 having the function of an actuating element for the auxiliary braking

device 10.

The braking element 18 has an elongated shape with a longitudinal axis indicated
at Y. A braking portion 34 is formed at the one longitudinal end of the braking
element 18, and an abutment portion 36 (see Figure 2) is formed at the opposite
longitudinal end of the braking element 18. The braking element 18 is supported
by the support member 22 via a hinge 38 such as to be rotatable around a swivel
axis (indicated at X) between an inactivated position (depicted in Figures 1 and 2)
and a braking position (depicted in Figures 3 to 5). As will be outlined in more
detail below, rotation of the braking element 18 around the axis X defines a
second direction into which the braking element 18 is movable. The rotational
movement of the braking element 18 is such that in the inactivated position of the
braking element 18 its longitudinal axis Y extends substantially horizontal, and in
the braking position of the braking element 18 its longitudinal axis Y extends at an
angle a of about 25 degrees with respect to the horizontal direction (see Figures 3
and 4).

As will be outlined in more detail below, the braking element 18 together with the
support member 22 is also movable in a first direction (or, more precisely, in a first
linear direction), namely in the embodiment shown, in the horizontal direction, in
order to bring the engagement portion 34 of the braking element 18 into
engagement with a braking structure 50a - 50h provided in one of the side faces
of the sprocket 12. The braking structure 50a - 50h comprises a number of
projections 50a - 50h projecting in direction of the shaft 14 outwardly from the
side face of the sprocket 12. The projections 50a - 50h follow each other around
the periphery of the sprocket 12. In the illustrated example there is an angular
distance of about 45° between subsequent two of the projections 50a to 50h,
respectively. Although in the embodiment shown in the Figures only one braking

structure 50a - 50h is provided in one of the side faces of the sprocket 12, it will
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be understood that a same structure may also be provided in the opposite side
face of the sprocket 12, which side face is not visible in the Figures, in case two-
side engagement of the braking structure with the engagement portion 34 of the

braking element 18 is desired.

As is best visible in Figures 3 and 4, the slider 20 has a wedge-shaped portion 40
extending substantially horizontally with the tip part 42 of the wedge-shaped
portion 40 pointing to the sprocket 12. The bottom side 46 of wedge-shaped
portion 40 is slidably supported on the top side of the support member 22, and
thus extends substantially horizontal. The upper side 44 of the wedge-shaped
portion 40 is inclined with respect to the bottom side 46 at an angle B of about
5°. The upper side 44 of the wedge-shaped portion 40 has formed therein an
abutment portion 48 which, in the braking position of the braking element 18 (as
depicted in Figures 3 and 4) comes into abutment with the abutment portion 36

formed at the braking element 18.

Opposite from the wedge-shaped portion 40 in horizontal direction, i.e. in a
direction away from the sprocket 12, one end 52 of the rod 26 is fixedly secured
within a recess formed in the slider 20. The rod 26 extends substantially
horizontally and has its opposite end 54 inserted into the solenoid 32 which acts
as an electrically operated actuating element. The coil spring 28 acting as a main
spring surrounds the rod 26 and has its one longitudinal end in abutment against
the slider 20 and its opposite end in abutment against the housing of the solenoid
32. Thus, the main spring 28 provides a bias force biasing the slider 20 in a
second linear direction defined by the longitudinal axis Z of the rod 26 and the
longitudinal axis of the slider 20 away from the housing of the solenoid 32 and
towards the sprocket 12. This bias force is compensated by the solenoid 32 fixing
the length of the rod 16 extending beyond the housing of the solenoid 32. By
energizing the solenoid 32 a force is produced pulling the rod 16 into the housing
of the solenoid 32, and thus the length of the rod 16 extending beyond the

housing can be reduced accordingly. Therefore, in a fully energized condition of
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the solenoid 32 the slider 20 will be in its most rightward position as shown in
Figures 1 and 2 (i. e. its position most remote from the sprocket 12 in the second
linear direction). In this position the braking portion 34 of the braking element 18
cannot engage with the braking structure 50a - 50h of the sprocket 12, and thus
this position defines the inactivated "stand-by" position of the slider 20 and the
braking device 10 as a whole. In a fully de-energized condition of the solenoid 32
the slider will be in a position closest to the sprocket 12 in the second linear
direction. As will be outlined below, bringing the slider 20 into this position will
activate the auxiliary braking device 10 and subsequently bring the braking

element 18 into its braking position depicted in Figures 3 to 6.

The slider 20 is supported by the support member 22 such as to be slidable within
a certain range in the second linear direction as defined by the axis Z of the rod
16. Also the support member 22 itself is supported on the base 24 such as to be
slidable within a certain range in the second linear direction. The support member
22 may e. g. comprise a linear guide arrangement engaging with a corresponding
structure of the slider 20 and allowing relative movement within the given range
of the slider 20 with respect to the support member 22 in the second linear
direction towards and away from the sprocket 12. This relative movement may e.g
be restricted by respective left and right abutments of the linear guide
arrangement. Therefore, actuation of the rod 16 by energizing or de-energizing
the solenoid 32 first will cause a movement in the second linear direction of the
slider 20 relative to the support element 22 with the support element 22 being
fixed relative to the base 24. After the slider 20 has reached the left or right
abutment, further movement of the rod 16 in the second linear direction will
cause a corresponding movement in the second linear direction of the support
member 22 together with the slider 20 towards or away from the sprocket 12.
This movement will therefore also bring the braking element 18 closer to the

sprocket 12 or farther away from the sprocket 12.
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Actuation of the auxiliary braking device 10 for activation and release of a braking

state thereof is as follows:

As outlined above, in normal operation with inactivated auxiliary braking device
10, the solenoid 32 will be energized electrically to pull the rod 16 into its most
retracted position within the housing of the solenoid 32. Thus, the slider 20 will
be in its most rightward position according to Figures 1 and 2 (i. e. its position
most remote from the sprocket 12 in the second linear direction), and the braking
element 18 cannot engage with the braking structure 50a - 50h of the sprocket

12. The sprocket 12 will be rotating in counterclockwise direction (see arrow A).

To activate the auxiliary braking device 10, the solenoid 32 is de-energized. Under
the tension of the main spring 28 the rod 16 will then extend from the housing
and move the the slider 20 in the second linear direction towards the sprocket 12.
In a first stage, the slider 20 will move with respect to the support member 22
which remains fixed with respect to the base 24. Thus, the wedge-shaped portion
40 of the slider 20 will move under the abutment portion 36 of the braking
element 18. In a second stage, after the slider 20 has come into abutment with a
corresponding left abutment of the support member 22, both the support
member 22 and the slider 20 will move further towards the sprocket 12 in the
second linear direction. As the braking element 18 (which in this stage is aligned
horizontally, i. e. with its longitudinal axis Y extending in the second linear
direction) is supported via hinge 38 by the support member 22, movement in the
second stage will bring the braking element 18 closer to the sprocket 12. This
movement of the braking element 18 defines a first linear direction which in the
present embodiment is identical with the second linear direction defined by
movement of the slider 20. Note, however, that in other embodiments the first

and the second linear direction may differ from each other.

Finally the movement of the braking element 18 in the first linear direction will

result in the engagement portion 34 of the braking element 18 coming into



10

15

20

25

30

WO 2009/059627 PCT/EP2007/009737

10/26

engagement with one 50b of the protrusions 50a - 50h of the braking structure
provided in the side face of the sprocket 12 around the periphery thereof.
Engagement of the braking element 18 with the protrusion 50b of the sprocket 12
still rotating in counterclockwise direction (see arrow A) will cause the braking
element 18 to be swiveled around hinge 38 in clockwise direction, such that the
angle a under which the longitudinal axis Y of the braking element 18 extends
with respect to the second longitudinal direction will increase. Since the hinge 38
is located between the end of the braking element at which the engagement
portion 34 is formed and the end of the braking element opposite the
engagement portion 34, at which end the abutment portion 36 is formed, and is
also located in larger height than the upper side 46 of the wedge shaped portion
40 of the slider 20 (i. e. the hinge 38 is offset in a direction perpendicular to the
first direction with respect to the upper side 46 of the wedge-shaped portion 40),
the swivel movement of the braking element 18 in clockwise direction will cause
the abutment portion 36 to move towards the wedge-shaped portion 40 of the
slider 20. Thus at a final stage of the swivel movement, the abutment portion 36
will abut a corresponding abutment portion 48 formed in the upper side 44 of the
wedge-shaped portion 40 of the slider 20. This will bring the braking element 18
into its braking position in which the braking element 18 cannot swivel further in
the clockwise direction, but still is in engagement with the sprocket 12. Thus in
the braking position of the braking element 18 also rotation of the sprocket 12 in
counterclockwise direction is stopped by the braking element 18 being wedged
between the sprocket 12 on the one side and the wedge-shaped portion 40 on
the other side. In the braking position the angle a will be around 25 degrees, and
the braking element 18 will have a substantially tangential orientation with respect
to the periphery of the sprocket 12 with the longitudinal axis Y of the braking
element being directed substantially perpendicular to to the periphery of the
sprocket 12 (angle y in Figure 4 = 90 degrees).

Further, as shown in the Figures, preferably the hinge 38 is located such that the

distance from the hinge 38 to the abutment portion 36 is smaller than the
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distance from the hinge 38 to the braking portion 34, and therefore the braking
force applied by the sprocket 12 to the slider 20 will be even increased by the
ratio of the distance from the hinge 38 to the braking portion 34 to the distance
from the hinge 38 to the abutment portion 36.

The wedging effect in the braking position of the braking element 18 is even self-
locking, as can be most clearly seen in Figures 4 and 6. In point A, in which in the
braking position of the braking element 18 the abutment portion 36 of the
braking element 18 and the abutment portion 48 of the wedge-shaped portion 40
contact each other, the braking element 18 applies a Force F to the wedge-shaped
portion 40 having a component Fy orthogonal to the lower surface 46 of the slider
20 and a component Fy parallel to the lower surface 460f the slider 20. The
component Fy orthogonal to the lower surface 46 will react completely on the
frame of the passenger conveyor via slider 20. Since the hinge 38 is located higher
than the abutment portion 48 formed in the upper surface of the wedge-shaped
portion 40, the component Fy is directed towards the sprocket 12 (see Figure 6).
Therefore, the sprocket 12 ,in the braking position of the braking element 18, will
apply a force to the wedge-shaped portion 40 of the slider 20 urging the slider 20
in the second linear direction towards the sprocket 12. This will even amplify the
braking effect and provide stable maintenance of the braking position once it is
established. The full braking force will be maintained even in case the actuating
force applied by the main spring 28 to the slider 20 is released (e.g. by energizing
the solenoid 32).

The maximum braking force applicable by the auxiliary braking device 10 is only
limited by the breaking resistance of the auxiliary braking device 10, particularly
the braking element 18 and slider 20. Neither the maximum braking force nor the
maximum time this braking force can be maintained depends on the energization
state of the solenoid 32. Therefore, the passenger conveyor can be maintained in
braking state independent of whether electrical energy is applied to the solenoid

32 or not. Rather, solenoid 32 and main spring 18 are only necessary to move the
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slider 20 and braking element 18 into an activated position in which engagement
of the engagement portion 34 with the braking structure 50 is possible. The force
necessary to provide this activation of the auxiliary braking device can be much
lower than the braking force actually to be applied by the braking element 18 to

stop the passenger conveyor.

Releasing the braking state of the auxiliary braking device is possible with the
sprocket 12 rotating reverse direction (= clockwise direction in the embodiment
shown in the Figures) as well as with the sprocket 12 running in in normal

direction (= anticlockwise direction in the embodiment shown in the Figures).

In case the sprocket 12 is running in the reverse direction, the sprocket 12 will
swivel the braking element 18 in anticlockwise direction back towards its
inactivated position (horizontal direction in the embodiment shown in the
Figures). Thus energizing the solenoid 32 again to retract the slider 20 and the
braking element 18, i. e. to move the slider 20 and the braking element 18 in the
second linear direction away from the sprocket 12, will bring the the engagement
portion 34 of the braking element 18 and the braking structure 50 out of
engagement. To do this it is sufficient to slightly diminish the bias force applied by
the main spring 28, and hence only a comparatively weak energization of the
solenoid 32 is necessary. As soon as the braking element 18 is not engaged any
more with the sprocket 12, the return spring 30 will swivel the braking element 18
back into its original inactivated position (horizontal position in the Figures), and
energization of the solenoid 32 will retract slider 20 and braking element 18 into

the inactivated position shown in Figures 1 and 2.

However, the auxiliary braking device 10 can be released also with sprocket 12
running in the forward direction. In this case the sprocket 12 will apply a force to
swivel the braking element 18 in clockwise direction. Therefore, to release the
brake, the slider 20 is retracted, i. e. moved in the second linear direction away

from the sprocket 12 by energizing the solenoid 32. After energizing the solenoid
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32, retraction of the rod 28 into the housing of the solenoid 32 will in a first stage
cause only the slider 20 to move with respect to the supporting member 22 in the
second linear direction away from the sprocket 12 with the braking element 18
still engaging the braking structure 50. Because of the inclination of the wedge-
shaped portion 40, now the sprocket 12 can swivel the braking element 18 further
in clockwise direction and the angle a will further increase, with the consequence
that the engagement of the engagement portion 34 with the braking structure 50

diminishes more and more.

The solenoid 32 will still be energized to retract the slider 20 further, such that the
slider 20 comes into abutment with the right abutment of the support member 22
and subsequently the slider 20 together with the support member 22 is retracted
back into the original inactivated position. This will finally bring the braking
element 18 completely out of engagement with the brake structure 50, and hence
release the auxiliary brake 10. The return spring 30 will then, together with the
weight of the braking element 18, restore the original inactivated state of the

braking element 18.

The force necessary to retract the slider 20 in the initial stage of the releasing
process of the auxiliary braking device 10 is substantially lower than the braking
force necessary to break the passenger conveyor, and even in the same order as
the actuating force necessary to activate the auxiliary braking device 10. This even
applies in the case of the sprocket 12 running in the forward direction during
release of the brake, since to retract the slider 20 basically only the (rather small)
horizontal component F, of the force applied to the wedge shaped portion 40 by
the sprocket 12 via the braking element 18 and the normal component Fy of this
force multiplied by a coefficient of friction has to be compensated by the main

spring and solenoid 32 (see Figure 6).

The exemplary embodiment as described above provides a wedge-type braking

device for a a passenger conveyor that can be activated by a small and compact
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drive mechanism requiring only low power. Only comparatively small activating
forces and/or releasing forces are necessary to activate the braking device and/or
to release a braking state thereof. Further, the braking device, once activated, can
be reset from its braking state into its deactivated state while running the
passenger conveyor in either direction. The forces necessary for releasing the
braking state can be kept rather low, irrespective of whether the passenger
conveyor is operated in forward or reverse direction when releasing the braking
state. Due to the small activating and releasing forces a small and compact
actuating device can be used. In an example the braking device can be electrically
controlled to activate the braking device and/or release an activated state thereof

by means of an electric drive means, such as a solenoid.

The braking device comprises a braking element having a braking portion
engageable with a movable part of the passenger conveyor. The braking element
is movable in a first direction into a position in which the braking portion engages
with the movable part of the passenger conveyor and the braking element. In a
state in which the braking portion engages with the movable part of the
passenger conveyor, the braking element is further movable in a second direction
from a position of initial engagement of the braking portion into a braking
position of the braking element. The movement of the braking element in the
second direction is driven by movement of the movable part of the passenger
conveyor. Thus an activation process (inducing the braking device to enter a
braking state) and/or a deactivation process (inducing the braking device to
release the braking state thereof) of the braking device can be seen to involve a
movement of the braking element in the first direction, while the braking process
as such will involve movement of the braking element in the second direction. By
providing different movements of the braking element for activation/deactivation
and braking, respectively, it becomes possible provide separate drives to each of
these movements. Particularly, the movement of the braking element in the first
direction, which generally will have to be provided by an external drive (e.g. an

electrically controlled drive), can be defined such as to require only a small
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actuating force. In contrast, to provide a large braking force, the movement of the
braking element in the second direction can be driven by the drive of the
passenger conveyor itself. Thus a compact triggering and actuating mechanism
having only low force requirements can be used for the braking device. Such
actuating mechanism can e.g. comprise a small electromagnetic drive such a

solenoid.

If the braking element is movable also in direction opposite to the first direction,
the braking device, once it has been actuated, can be reset by a applying a

comparatively low actuating force in direction opposite to the first direction.

In exemplary embodiments the passenger conveyor may be an escalator or a
moving walkway. The passenger conveyor may comprise a sheave, e.g. a pulley or
a sprocket, around which an endless traction element, e.g. a step or pallet chain,
for driving the passenger conveyor is passed. In this case the movable part of the
passenger conveyor may be provided by the sheave or a part fixedly connected
with the sheave. The sheave may be a drive sheave or traction sheave driven by a
drive unit of the passenger conveyor, such that the drive sheave drives, directly or
via a transmission mechanism, the endless traction element driving the passenger
conveyor. In this case the movable part may be provided by the drive sheave itself
or by a component connected in the drive train of the drive sheave. The endless
traction element might e.g. be formed as a step belt/step chain of an escalator or

a running belt/pallet chain of a moving walkway.

When the movable part of the passenger conveyor has a circular periphery, the
braking element when being in the braking position may have a substantially
tangential orientation with respect to the periphery of said movable part. This
allows an optimum transfer of driving force from the movable part to the braking
element in the braking state thereof to maintain the braking state. Further, for

releasing the braking state, the braking element can move in forward direction
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with respect to movement of the movable part as well as in reverse direction with

respect to movement of the movable part.

In one exemplary embodiment the movable part of the passenger conveyor is
provided with a brake disc structure in at least one lateral side face thereof. This
brake disc structure may be provided around the periphery of the movable part
and might be engageable in a friction fit or/and form fit manner with braking
portion of the braking element. e.g. the brake disc structure might comprise a
number of brake portions following each other in angular intervals around the

periphery of the movable part.

In a further exemplary embodiment the braking device may further comprise a
support member supporting the braking element in such a way that the braking
element is movable in the second direction. In such arrangement the support
member itself might be movable in the first direction between an inactivated
position in which the braking portion of the braking element is out of
engagement with the movable part of the passenger conveyor, and an activated
position in which the braking portion of the braking element comes into

engagement with the movable part of the passenger conveyor.

In a still further exemplary embodiment the braking device might comprise a

return spring member arranged such as to bias the braking element towards an
inactivated position in which the braking portion is out of engagement with the
movable part of the passenger conveyor. After releasing the braking state of the
braking device such release spring member can assure that the braking element

will return into its original deactivated position.

In a still further exemplary embodiment the first and the second direction may be
different from each other, e.g. the first direction may be a linear direction and the

second direction may be directed in direction of the circumference of a circle.
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In a further exemplary embodiment, the braking element may be supported such
as to be swivable around a swivel axis substantially perpendicular to a plane of
movement of the movable part of the passenger conveyor and the second
direction may be directed circumferentially with respect to the swivel axis. For
example, the braking element may be swivable around the swivel axis at an angle
between 10 and 45 degrees, or more precisely at an angle between 20 and 30
degrees, even more precisely at an angle of about 25 degrees, between the
position of initial engagement of the braking portion with the movable part of the

passenger conveyor and the braking position of the braking element.

In a further exemplary embodiment the first direction is defined by a first linear
direction, and the braking element may be movable in the first linear direction to
bring the braking portion into engagement with the movable part of the
passenger conveyor. This allows a number of devices and arrangements to be
used for moving the braking portion in the first linear direction, in order to
activate the braking device. Particularly electrical actuating devices can be used,
e.g. devices using a solenoid and an armature movable in linear direction

according to the energizing state of the solenoid.

To provide a reliable braking state in which the braking element is maintained in
the braking position even for longer time periods, after the braking device has
been actuated, in a still further exemplary embodiment the braking device further
may comprise a stopping member, and the braking element may further have an
abutment portion arranged such that movement of the braking member in the
second direction from the position of initial engagement of the braking portion to
the braking position of the braking element brings the abutment portion into
abutment with the stopping member. To allow the braking element to move from
its original position in its braking position after the braking portion thereof has
come into engagement with the movable part of the passenger conveyor, in an

example the swivel axis around which the braking element is swivable may be
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offset in a direction perpendicular to the first direction with respect to the

abutment portion of said wedge-shaped portion.

The stopping member may be stationary. However, activation of the braking
element to induce movement of the braking element to take the braking position
and/or to release from the braking position position might be facilitated when the
the stopping element itself is movable in a second linear direction. e.g. the second
linear direction may extend substantially parallel to the plane of movement of the
movable part of the passenger conveyor. In one example the second linear
direction may be the horizontal direction. The first linear direction may be parallel
to the second linear direction or the second linear direction might be even equal
to the first linear direction. In this case it will be convenient if the movements of
the braking element in the first linear direction and of the stopping element in the

second linear direction are be actuated by a same actuating member.

In further exemplary embodiments the stopping member may comprise a wedge-
shaped portion defining an abutment face against which the abutment portion of
the braking element abuts in the braking position thereof. The abutment face may
be defined on a face of the wedge-shaped portion tapering towards the movable
part of the passenger conveyor with respect to the second linear direction. For
example, the abutment face may be inclined with respect to the second linear
direction at an angle between 1 and 20 degrees, or more precisely at an angle
between 3 and 10 degrees, and even more precisely at an angle of about 5
degrees. A particular advantage of the wedge-shaped form of the stopping
element is that releasing of the braking element from its braking position is
facilitated in a situation in which the moving part is moved in forward direction
while releasing the braking element from the braking position, since retraction of
the stopping element in a direction opposite to the second linear direction, i. e. a
direction away from the movable part, will allow the braking element to be driven
by the movable part for movement in the second direction beyond the braking

position of the braking element.
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In a further exemplary embodiment, the stopping element may be supported by
the support member such as to be slidable back and forth in the second linear
direction. Further, for example the support member may comprise a first
abutment portion restricting movement of the stopping element in the second
linear direction towards the movable part of the passenger conveyor, and the
support member may comprise a second abutment portion restricting movement
of the stopping element in the second linear direction away from the movable
part of said passenger conveyor. In this embodiment the first and second

abutments ar offset from each other in the second linear direction.

A further exemplary embodiment relates to a passenger conveyor comprising a
braking device as outlined above. In an exemplary embodiment of such a

passenger conveyor the braking device may be an auxiliary braking device.

While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes
may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications may
be made to adapt the particular situation or material to the teachings of the
invention without departing from the essential scope thereof. Therefore it is
intended that the invention not be limited to the particular embodiments
disclosed, but that the invention will include all embodiments falling within the

scope of the appended claims.
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Braking device (10) for a passenger conveyor comprising at least one
movable part (12),

said braking device (10) comprising a braking element (18) having a
braking portion (34) engageable with said movable part (12) of said
passenger conveyor;

said braking element (18) being movable in a first direction into a
position in which said braking portion (34) engages with said movable
part (12) of said passenger conveyor;

said braking element (18), in a state in which said braking portion (34)
engages with said movable part (12) of said passenger conveyor, being
movable in a second direction from a position of initial engagement of
said braking portion (34) into a braking position of said braking element
(18), said movement in said second direction being driven by movement

of said movable part (12) of said passenger conveyor.

Braking device (10) according to claim 1,

wherein said passenger conveyor is an escalator or a moving walkway.

Braking device (10) according to claim 1 or 2,
wherein said passenger conveyor comprises a sheave around which which
an endless traction element for driving said passenger conveyor is passed,

said sheave providing said movable part (12).

Braking device (10) according to any of claims 1 to 3,

wherein said passenger conveyor comprises a drive sheave driven by a
drive unit of said passenger conveyor and driving an endless traction
element of said passenger conveyor, said movable part (12) being
provided by said drive sheave or by a component driven by said drive

sheave.
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Braking device (10) according to any of claims 1 to 4,

wherein said movable part (12) of said passenger conveyor has a circular
periphery, said braking element (18) in said braking position having a
substantially tangential orientation with respect to said periphery of said

movable part (12).

Braking device (10) according to any of claims 1 to 5,

wherein said movable part (12) of said passenger conveyor is provided
with a brake disc structure (50a - 50h) in at least one lateral side face of
the movable part (12), said brake disc structure (50a - 50h) being
provided around the periphery of said movable part (12) and being
engageable in a friction fit or/and form fit manner with said braking

portion (34) of said braking element (18).

Braking device (10) according to any of claims 1 to 6,

further comprising a support member (22) supporting said braking
element (18) such as to be movable in said second direction, said support
member (22) being movable in said first direction between an inactivated
position in which said braking portion (34) of said braking element (18) is
out of engagement with said movable part (12) of said passenger
conveyor, and an activated position in which said braking portion (34) of
said braking element (18) comes into engagement with said movable

part (12) of said passenger conveyor.

Braking device (10) according to any of claims 1 to 7,

further comprising a spring member (30) arranged such as to bias said
braking element (18) towards an inactivated position in which said
braking portion (34) is out of engagement with said movable part (12)

of said passenger conveyor.
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Braking device (10) according any of claims 1 to 8,

wherein said second direction is different from said first direction.

Braking device (10) according any of claims 1 to 9,

wherein said braking element (18) is supported such as to be swivable
around a swivel axis (X) substantially perpendicular to a plane of
movement of said movable part (12) of said passenger conveyor, said
second direction being directed circumferentially with respect to said

swivel axis (X).

Braking device (10) according to claim 10,

wherein said braking element (18) is swivable around said swivel axis (X)
at an angle between 10 and 45 degrees, preferably at an angle between

20 and 30 degrees, and most preferably at an angle of about 25 degrees,
between said position of initial engagement of said braking portion (34)

with said movable part (12) of said passenger conveyor and said braking

position of said braking element (18).

Braking device (10) according to any of claims 1 to 11,

wherein said braking element (18) is movable in a first linear direction to
bring said braking portion (34) into engagement with said movable part
(12) of said passenger conveyor, said first linear direction defining said

first direction.

Braking device (10) according to any of claims 1 to 12,

further comprising a stopping member (20), said braking element (18)
further having an abutment portion (36) arranged such that said
movement of said braking member (18) in said second direction from
said position of initial engagement of said braking portion (34) to said
braking position of said braking element (18) brings said abutment

portion (36) into abutment with said stopping member (20).
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Braking device (10) according to claims 10 and 13,
wherein said swivel axis (X) around which said braking element (18) is
swivable is offset in a direction perpendicular to the first direction with

respect to said abutment portion (48) of said wedge-shaped portion (40).

Braking device (10) according to claim 13 or 14,
wherein said stopping member (20) is movable in a second linear

direction.

Braking device (10) according to claim 15,
wherein said second linear direction extends substantially parallel to said

plane of movement of said movable part (12) of said passenger conveyor.

Braking device (10) according to claim 15 or 16,

wherein said second linear direction is directed horizontally.

Braking device (10) according to any of claims 15to 17,

wherein said first linear direction is parallel to said second linear direction.

Braking device (10) according to any of claims 13 to 18,

wherein said stopping member (20) comprises a wedge-shaped portion
(40), said wedge-shaped portion (40) defining an abutment face (48)
against which said abutment portion (36) of said braking element (18)

abuts in said braking position thereof.

Braking device (10) according to claim 19,
wherein said abutment face (48) is defined on a face of said wedge-
shaped portion (40) tapering towards said movable part (12) of said

passenger conveyor with respect to said second linear direction.
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Braking device (10) according to claim 20,

wherein said said abutment face (48) is inclined with respect to said
second linear direction at an angle between 1 and 20 degrees, preferably
at an angle between 3 and 10 degrees, and most preferably at an angle

of about 5 degrees.

Braking device (10) according to any of claims 15 to 21,
wherein said said stopping element (20) is supported by said support
member (22) such as to be slidable back and forth in said second linear

direction.

Braking device (10) according to claim 22,

wherein said support member (22) comprises a first abutment portion
restricting movement of said stopping element (20) in said second linear
direction towards said movable part (12) of said passenger conveyor, and
said support member (22) comprises a second abutment portion
restricting movement of said stopping element (20) in said second linear
direction away from said movable part (12) of said passenger conveyor,
said first and said second abutments being offset from each other in said

second linear direction.

Braking device (10) according to any of claims 1 to 23,

further comprising an electrically controlled actuating element adapted
to move said braking element (18) in said first direction into said position
in which said braking portion (34) engages with said movable part (12)

of said passenger conveyor.

Braking device (10) according to claim 24,
wherein said electrically controlled actuating element (32) comprises a
solenoid (32) and an actuating rod (28) which is coupled with said

braking element (18), said solenoid (32) in an energized state moving
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said actuating rod (28) such that said braking element (18) is moved in
said first direction into said position in which said braking portion (34)

engages with said movable part (12) of said passenger conveyor.

Passenger conveyor comprising a braking device (10) according to any of

the preceding claims.

Passenger conveyor according to claim 26,

wherein said braking device (10) is an auxiliary braking device.
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