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An escalator having treadsthat meshably engageinto each other in thereturn run

Description

The present invention relates to an escalator.

Escalators, sometimes described as moving stagcaseused transport people between
two levels along a travel path. To do this, theakdor provides a plurality of treads that
are arranged one after another along the travil gatch of the treads provides a tread
surface that is oriented upward during the forwardof the escalator and can be stepped
on by the people to be delivered. At a rear entthisftread surface toward the top when
viewed in a conveying direction, a riser runnirgngverse to this tread surface abuts it.
The treads are connected together via a tracti@nsdor example a step chain or a belt,
and form a step band. A drive unit can drive tlep &tand or the step chain and thus
displace the treads along the travel path in adodwun. The forward run of the travel
path in an escalator conveying from the bottonh#&top thus extends from a lower
horizontally running region adjacent to an entratocthe escalator over a central region
that runs at an incline through to an upper hotiabnrunning region adjacent to an exit
of the escalator. Because the step band or thek#ép is formed circumferentially, the
treads during a return run are moved in an oppdgiéetion and essentially parallel to

the travel path of the forward run.

Each of the treads typically has a front intermeglsitructure with adjacent ribs and
interposed grooves at a forward directed end faaertins transverse to the tread. In
addition, each tread typically has a rear internmgshktructure also with adjacent ribs and
interposed grooves at a rearward directed regidgheofiser. The front and the rear
intermeshing structures are thus adapted to ehehn ahd preferably designed
complementary to each other so that they can mshabage into each other in the
forward run of the escalator. Expressed differeritlihe escalator is moved along the
forward run of the travel path, the front intermiaegfstructure of one of the treads
engages into the rear intermeshing structure oadgcent tread in such a manner that
the ribs of the front intermeshing structure engagethe grooves of the rear
intermeshing structure and the ribs of the rearineshing structure engage into the
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grooves of the front intermeshing structure. Ondhe hand, by this, the gap that is
inevitably provided between adjacent treads is &anm a meandering manner such that
the risk of an object, such as a passenger’'s saoeye entangled in it is minimized. On
the other hand, a meshably engaged adjacent tasaals0 support a guiding of the tread,
meaning adjacent treads can hardly move in a direttansverse to the travel path

relative to one another.

Previous escalators were optimally designed so psoduce optimal safety and a high
level of traveling comfort for passengers. In patér, the type of intermeshing structure
as well as the manner in which the treads are duatteng the travel path in the forward
run were adapted in this regard so that the intslhimg structures can engage into one
another as safely as possible and with the smafgsbetween adjacent intermeshing

structures.

However, those skilled in the art have previousisuaned that when there is normal
deflection of the treads because of the reversedtiin of motion during the return run
relative to the forward run and the resulting digfet relative motion between adjacent
treads during the return run relative to the fodvam, it is not possible or, at least, it is
associated with risks considered to be unacceptabilow treads of an escalator to

meshably engage into each other during returnettugrr run, as well.

Based on this preconception, escalators were prslyi@onstructed in such a manner that
their treads always remained sufficiently spaceattaguring the return run. To do this,
however, the escalators had to be designed witltively large dimension, whereby the

installation space necessary for an escalator neasased.

In addition, the treads had to be guided latemdligng the return run using appropriate
measures to prevent their deviation from the traegh in a direction transverse to the
travel path, whereby additional design measureg wevertheless required, and in many
cases, an increased wear on components of thetsaahsued.

An escalator having meshing treads in the retunrisuindeed, disclosed in
JP 3790788 B2. This, however, requires a spee@iind very expensive deflection
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mechanism so that the tread surfaces of the teaddirected upward in the return run as

in the forward run.

There can, therefore, be a need for an escalataich the previously mentioned
disadvantages, in particular, are prevented aremt Ireduced. In particular, there can be a

need for an escalator having a small installatjzace and/or low wear and tear.

Such a need can be addressed by the escalatodiacctar the independent claim.
Advantageous embodiments are defined in the depéctiéms as well as the following
description.

According to one aspect of the invention, an esoala proposed that has a plurality of
treads oriented one after another along a travbl pdnerein each tread has a tread
surface and a riser adjacent to a rear end ofélael surface and running transverse to the
tread surface. In addition, the escalator has degrdil assembly that comprises a chain
roller guide rail to guide chain rollers of theads and a idler roller-guide rail to guide
idler rollers of the treads. These guide rails edtever a forward run from a lower
horizontally running region of the travel path thgh a central region running at an
incline toward an upper horizontally running regarthe travel path and along a return
run moving in the opposite direction. Each treasl &&ont intermeshing structure and a
rear intermeshing structure, wherein the front taedrear intermeshing structures are
formed complementary to each other in a manner gathintermeshing structures of

neighboring treads oriented toward one anothenuashably engage into each other,

Between the upper horizontally running region dredentral region running at an
incline there is a transition region. In the traiosi region of the return run, the chain
roller guide rail and/or the idler roller guidelraave two curved regions close to the
border of the upper and the central regions haaisarp curvature and an interposed
curved region having a gentler curvature. This igpelesign of the guide-rail assembly
allows that, at least in the central region ofridt@irn run running at an incline, the

intermeshing structures of adjacent treads are atdglarranged with each other.
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Possible features and advantages of embodimettte pkesent invention may be
considered, among others and without limiting tiheention, to be dependent upon the

ideas and findings described below.

It was recognized that, despite the long-cherigireglidice referred to at the beginning,
adjacent treads of an escalator can advantageang|yin particular, without excessive
risk, be permitted to meshably engage into eackraten during their return run. It was
found to be essential for this that the treads shioe guided in a different manner during
the return run than was the case in previous d@scaldn other words, it was determined
that, in this manner, the guide-rail assembly thades the treads can be appropriately
modified and specifically designed, in particulatreat point where it guides the treads
along the return run, so that adjacent treadswded closer to each other and that it
comes to a safe engagement by its opposing inteingestructures and thus to a

meshing arrangement.

Based on the realization that the treads can leduntermeshably engaged into each
other even during the return run by an appropgadbpted guide-rail assembly, a
reduction of the installation space necessaryherescalator can be made possible, on the
one hand. During return run, the treads are mowéié tloser together so that the space
requirement for the return travel of the escal&aignificantly reduced.

On the other hand, the option to guide the treaelshably engaged into each other also
during the return run allows a better lateral gnmaof the treads during the return run,
meaning a greater control of their range of moiioa direction transverse to the
longitudinal direction of the escalator. For exagphis can prevent additional design
measures for lateral guidance of the treads @aet Iminimize them and/or reduce wear

and tear on components of the treads.

According to one embodiment, the guide-rail assgrhbk a chain roller guide rail for
guiding chain rollers of the treads and a idlelerojuide rail for guiding idler rollers of

the treads.

In other words, different rollers in the form ofath rollers and idler rollers are typically

mounted on the treads in order to be able to mowdreads in a guided manner along the
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travel path. It was recognized as advantageousitieghese different rollers using
different guide rails. The chain rollers are gui@ahg the chain roller guide rail and the
idler rollers are guided along the idler rollerdgiirail. Because the two types of guide
rails can be designed differently and, in particuiae corresponding rollers can be
guided along different paths, which do not necélgslaave to be parallel, it can be
achieved that a tread held by the guided chairidladrollers can be tilted or swiveled in
a desired direction during the process. Suchiadiltr swiveling of the treads can be
advantageously used during the passage throughkttira run to move the treads closer
to each other in a manner in which their teethlmaimserted meshably engaged into each
other simply and without significant risk of colbg or canting.

It should be noted that the guide rail assemblykhbave at least one chain-roller guide
rail and at least one idler roller guide rail. Uguahowever, chain-rollers and idler rollers
are attached to the two opposite sides of the $resdthat, as a general rule, two chain-
roller guide rails and two traction-roller guidelsaare provided in the guide rail
assembly. These are each arranged along oppodigdi the travel path and at a
distance that corresponds to approximately thehnadithe treads running between them.
The term chain roller is to be broadly interpreftede, meaning that this need not
necessarily be part of a chain. The term, ratiheicates those rollers by which the
traction means that connects the treads is guided.

According to one embodiment, each tread closestfvont end can have a chain roller
orthogonally spaced apart from the tread surfaeefiast distance and close to its rear
end can have a idler roller orthogonally spacedtdpam the tread surface at a second
distance that is larger than the first distances @tain-roller guide rail and the traction-
roller guide rail in the upper horizontally runnirggion of the track are spaced farther
apart from each other than in the middle regiotheftrack running at an incline.
Additionally, the chain-roller guide rail and thadtion-roller guide rail in a transition
region between the upper horizontally running regiad the central region of the travel
path running at an incline are designed to rundiffarent curvature relative to each
other in such a manner that adjacent treads guilde) the guide rail assembly are
guided in such a manner that the front intermeskingcture of a tread is spaced apart
from the rear intermeshing structure of the adjatead with a gap as long as both

treads are moved along the upper horizontally mnmnegion of the track and the front
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intermeshing structure of the tread is meshablyagad into the rear intermeshing
structure of the adjacent tread in a region ofriber, the gap between these is gradually
reduced in a horizontal direction, if the two treaile moved one after another along the

transition region in the central region of the kragnning at an incline.

In other words, preferably at least one and préfgrat least two chain rollers as well as
at least one, preferably at least two idler rolkmes attached to each tread. The chain
rollers are thus attached close to the front erttietread and the idler rollers close to the
rear end. A distance of rollers from the treadaeefis thus smaller for the chain rollers
than for the idler rollers. Among other things sthauses the tread during the forward run
to be movable with its chain and idler rollers @ansingle guide rail or alternatively
along two chain-roller and traction-roller guidédsaparallel to each other in such a

manner that their tread surfaces run essentialigdrtal.

In the return run of the escalator, the chain relle now guided along the chain-roller
guide rail provided there, while the idler rollen® guided along the traction-roller guide
rail separate from it. The chain-roller guide &l the traction-roller guide rail are thus
separated from each other in the vertical directfodistance between these different
guide rails is, however, not constant along theesttavel path of the return run. Instead,
the distance between the chain-roller guide rall thie traction-roller guide rail in the
upper horizontally running region of the track apaced farther apart from each other
than in the middle region of the track runningmirecline. By virtue of the narrowly
spaced chain- and traction-roller guide rails,ttkads can be arranged more closely
together in the middle region running at an inglingparticular, closer in such a manner
that their opposing intermeshing structures carhatdy engage into each other. By
virtue of the narrow spacing of the chain- andttoaeroller guide rails from one another,

the installation space necessary for the escatatothus be substantially reduced.

It has, however, been recognized in particular tajprocedure of guiding adjacent
treads together and that of the engaging oppostegmeshing structures into each other
can be critical. Specifically, there may be a tls&t the opposing intermeshing structures
can be positioned in a manner not complementaeath other, so that ribs of the one
intermeshing structure do not fit precisely inte trooves of the other intermeshing

structure. This can result in a collision betwdsn ddjacent treads in the region of their
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intermeshing structures, wherein the intermeshinggires can be damaged. In
particular, this can result in increased wear @nithermeshing structures. As a worst
case, the intermeshing structures can even bewkateby significant risks can result for
the integrity of the escalator as well as for thegengers using the escalator. Precisely
for these reasons, it has been previously assuma¢d imeshably engaging displacement

of the treads in the return run of the escalattwasrisky.

It has now been discovered that the indicated gksbe minimized if the chain-roller
guide rails and the traction-roller guide railsitransition region between the upper
horizontally running region and the central regionning at an incline of the track are
designed to run inclined differently relative toecemother in a very specific manner. In
other words, it is certainly true the chain-rollgride rail and the traction-roller guide rail
can be arranged essentially even and paralleldio @er in large sections of the upper
horizontally running region as well as in the cahtegion of the track running at an
incline. However, in a transition region betweea tivo regions, the two guide rails must
each be curved, and it was recognized that it neegdyantageous to curve the two guide
rails in different ways, meaning with different fiaof curvature and/or a different curve

shape.

In particular, the different curve shapes of tHéedent guide rails should be designed in
such a manner that adjacent treads, which are djaildeg the guide-rail assembly, are
guided in such a manner that the front intermeskingcture of one tread is spaced apart
from the rear intermeshing structure of the adjatead by a gap, as long as both treads
are being moved along the upper horizontally rugmegion of the track. However, as
soon as the treads follow each other in successionhe transition region and are
moved along this transition region into the centegjion of the track running at an
incline, the front intermeshing structure of theal engages into the rear intermeshing
structure of the adjacent tread, wherein the momtimiethe treads relative to one another
is done in such a way that the front intermeshtngcture of the one tread is guided into
a region of the riser of the adjacent tread inititermeshing structure provided there and
thus a gap between the two intermeshing strucheesmes successively smaller until
the two intermeshing structures are meshably ertbege one another. The term
“horizontal” in this context is to be interpretetbhdly and may be interpreted as

including directions essentially parallel to thatlee guide rail.
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In other words, it was recognized that in convamdla@scalators it was previously
assumed that adjacent treads in the return ruml dmubrought into a meshable
engagement only in a manner in which the treads webe moved in a substantially
vertical manner. The front intermeshing structura tread was brought closer to the
adjacent tread from below, whereby there was dfgignt risk that the intermeshing
structures would collide with each other and be algex. In contrast to this, it is now
proposed to guide the treads by a specific forth@fchain-roller guide rail and the
traction-roller guide rail in the transition regibetween the horizontal region and the
region running at an incline of the track, so tihaty are not moved vertically towards
each other, but have a decreasing gap betweeretastin a horizontal direction. The
intermeshing structures of the two treads canigwiay better engage into one another.
Even in the case that the two intermeshing strestare not mounted exactly
complementarily to each other, a slight offset leevthe front intermeshing structure of
one tread and the rear intermeshing structuresiittjacent tread can be mostly equalized
by slight lateral relative movements between the tneads, if they are moved
horizontally towards each other, in particular heseathe rear intermeshing structure is

formed on the most gently curved riser of the tread

According to one embodiment, the chain roller guaieand the idler roller guide rail in
the transition region are designed to run at @ubfit curvature relative to each other so
that a distance between the chain-roller guidearadl the traction-roller guide rail coming
from the upper horizontally running region is finstreased and then is gradually reduced

further toward the central region running at animnec

In other words, the chain-roller guide rail and tteetion-roller guide rail are arranged
parallel and with a first distance to each othesran extensive part of the upper
horizontally running region of the track. Upon gritito the transition region, this
distance preferably increases at first in ordehém decrease again in the further run of
the transition region towards the region of thekrainning at an incline and even

become smaller than the first distance.

By the variation of the distance between the twidguails in the course of the transition

region, the treads that are guided on the guideigatheir chain rollers and idler rollers
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are guided in a specific manner and, specificéllgd relative to each other. Such a
tilting of the treads during a simultaneous coneag of adjacent treads can be used to
move adjacent treads in a direction towards eduobran a desired manner, so that the
risk of collisions when the intermeshing structuegentually meshably engage is

minimized.

According to one embodiment, the chain-roller guaigin the transition region has two
curved regions of sharp curvature close to its @owdth an interposed curved region

having a gentler curvature.

Expressed differently, the chain-roller guide fagt has a sharp curvature at the border
of the transition region where it transitions te thpper horizontally running region, then
extends on the way to the central region runnirgnancline having first a gentler
curvature, and then again assumes a sharper crenatthe other border of the transition
region before the transition to the central regiaming at an incline. Because of a
design of the chain-roller guide rail that is cuhie this manner, chain rollers guided in it
can be displaced in such a manner while passioggirthe transition region that a

desired movement of the guided treads ensuesyiicydar a desired tilting of the tread.

Specifically, according to one embodiment, the trailer guide rail in at least one of
the curved regions close to the border has a shanpeature than the traction-roller

guide rail in the associated region.

In other words, although the chain-roller guiddsrand the traction-roller guide rails run
parallel to each other in the upper horizontallyning regions as well as in the central
region running at an incline, a change of directigthin the transition region connecting
these two regions is, however, preferably not edraut synchronously. Instead, in at
least one of the corresponding curved regions dlmdee border, the chain-roller guide
rail is more curved than the traction-roller guid@. Preferably, the chain-roller guide
rail in the two curved regions close to the bordeeaning bordering both the upper
horizontally running region as well as the centegjion running at an incline, is more
curved than the traction-roller guide rail. Thizisaes a greater tilting of the guided tread
through one or both of these curved regions clogkd border, which tilting is more

pronounced than in a case in which the two guide wauld be evenly and
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synchronously curved with each other.

In this context, the “associated region” of theti@n-roller guide rail can be understood
as that region which lies closest to the relevagian of the chain-roller guide rail, or
over which the traction-roller of a tread rollghie chain-roller of the same tread rolls

over the corresponding region of the chain-roligidg rail.

In a similar manner, according to one embodiméret,chain-roller guide rail in the
interposed curved region has less curvature thaidtar roller guide rail in a
corresponding region.

To put it another way, the chain-roller guide raihen it is preferably about in the middle
of the transition region, is preferably less curttegh the traction-roller guide rail in the

associated region.

According to another embodiment, the chain-roll@idg rail can preferably even be level

in the interposed curved region, meaning have @ature of zero.

In other words, the chain-roller guide rail inlitsrder regions can be highly curved, in
particular more highly curved than correspondirgjoes of the traction-roller guide rail,

yet run level in the interposed curved region.

In general, the curvatures in the border regiomstha interposed region are designed in
the same directions, or the interposed regiontisumwed, meaning level. It is also
conceivable that the interposed region is sligbtigved in an opposing direction,
meaning both border regions are convexly curvedt@dnterposed region is slightly

concave, at least in partial regions.

In particular by virtue of the aforementioned pbksidesigns of chain-roller and traction-
roller guide rails with respect to their locallyryang curvatures, according to one
embodiment, the chain-roller guide rails and tlaetion-roller guide rails in the transition
region can be designed with a different curvatelative to each other such that a tread,
while passing through the transition region confiogn the upper horizontally running

region, first has its front intermeshing structareved away from the rear intermeshing
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structure of the adjacent tread in a tilting mareret then is moved tilting in the opposite

direction towards the rear intermeshing structirh® adjacent tread.

Such an initial tilting away of the tread from fieviously adjacent tread and subsequent
tilting towards this adjacent tread can performrii@/ement of the opposed intermeshing
structures of the two treads in an appropriate reatitat decreases the gap between

them, in order to then be able to meshably endagya into one another without damage.

The adjacent ribs and interposed grooves of tha frdermeshing structure and the rear
intermeshing structure preferably have a conicagstsection for supporting the meshing
engagement. In this manner the engagement is addity facilitated, particularly in step
bands having many operating hours and thus grpltgiin the articulation points of the
traction means, because the groove width at théammedis larger and the rib width at the
end face is narrower. The result is a movemerti®flanks of the ribs of the two

adjacent treads that mutually align because ofdteeal forces that arise.

The conical cross-section of ribs and grooves lzafl@nk angle between 0.5° and 10°,

preferably between 1° and 5°, most preferably of 3°

It should be noted that some of the possible featand advantages of the invention are
described here with reference to different embodisieéA person skilled in the art
recognizes that the features may be combined, edlapt exchanged as appropriate in

order to yield other embodiments of the presengiion.

Embodiments of the present invention are desciigtalw with reference to the
accompanying drawings, wherein neither the drawmimayshe description are to be
interpreted as limiting the present invention.

Fig. 1 shows a schematic overview of an escalator.

Figs. 2 (a), (b) and (c) show a side view of adraad an enlarged view of both a front

and a rear intermeshing structure at a tread sudadser of the tread.
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Fig. 3 illustrates a theoretical sequence of mowvesmeccurring during a meshing

engagement of treads of a conventional escalator.

Fig. 4 illustrates an intended sequence of movesrentreads of an escalator according

to the invention are meshably brought together.

Fig. 5 illustrates a geometrical configuration o £ssential components of an escalator

according to the invention.

Figs. 6(a) to (d) illustrate a chronological sequesnf treads moving along a return run of

an escalator according to the invention.

The drawings are only schematic and are not trgedte. Like reference signs refer in

different drawings to like or analogous features.

Fig. 1 shows an exemplary escalator 1 by which jgecgn be conveyed, for example,
between two levels E1, E2. Escalator 1 has a iy treads 3 that are arranged one
after another and that can be displaced in a dhrecounter to movement 6 along a
travel path using two closed-loop conveyor chaitiseh are parallel to one another in the
horizontal direction (only one is visible in fig) Each tread 3 is thus mounted close to its
lateral end on one of conveyor chains 5. In orddret able to displace conveyor chains 5,
escalator 1 provides a drive assembly 19 (whidnlg very schematically indicated in
fig.1) having at least partially driven deflectionchain wheels 15, 17. The chain or
deflecting wheels 15, 17 as well as additional sufipg components of escalator 1 are
held in a supporting structure (partially showrign 5 and 6, but not illustrated in fig. 1
for reasons of clarity), which is mostly designedhe form of a framework structure.

Escalator 1 further provides a hand rail 21.

Treads 3 are thus moved during an upward conveyegation in the forward run from a
lower horizontally running region 9 bordering lowevel E1 through a central region 11
running at an incline to an upper horizontally rimgrregion 13 bordering the upper level

E2 and then moved back in the opposite directichérreturn run.
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As shown in fig. 2, each tread 3 has a tread sei2&8cthat is directed upward during the
forward run. Seen in a direction of movement 6'winich tread 3 moves up towards level
E2 in the forward run, there is a riser 25 at & eglgie of tread 3 that extends downward
transverse to tread surface 23. Tread 3 has a obi&En 27 below its front end and a idler
roller 29 below its rear end. Chain roller 27 igglarranged in a direction orthogonal to

tread surface 23 at a smaller distance from tragfdae 23 than idler roller 29.

As shown in fig. 2(b) in a top view rotated 90° lwiespect to fig 2(a), a front
intermeshing structure 33 having ribs 35 and irdsed grooves 37 is formed at a
frontward facing end face 31 running transverseead surface 23. A rear intermeshing
structure 41 complementary to this, also having 4B and interposed grooves 45, is
formed at a rearward facing region 39 of riseré&&b¢an be seen in fig. 2(c) in a cutaway

view rotated 90° with respect to fig. 2(a).

During a forward run, treads 3 of escalator 1 gp&ctlly guided in such a manner that
their front and rear intermeshing structures 33mékh into one another, meaning
meshably engage into each other and thus form mmzing and meandering gap
between adjacent treads 3. During a return rungkrewy treads 3 on conventional
escalators 1 are guided at a sufficient distarara feach other as to prevent a meshable

engagement of adjacent treads 3 previously deemied tisky at the very least.

It was previously assumed here that during a rewmnmeaning in a direction of motion
6" down to the lower level E1, as is shown scheoadlty in fig. 3, a leading tread 3’ and
a trailing tread 3" adjacent to this could only lm®ught together with their front and rear
intermeshing structures 33, 41 in a manner, in wttie front end face 31 of the trailing
tread 3” approaches a rear edge region 47 of fahwanning tread 3’ from below. In this
arrangement, as a theoretical conventional appiogichotion using arrow 49 shows in
fig. 3, a front edge region 48 of trailing tread 8'hich borders front end face 31, would
be moved, first approximately horizontally and tlzg@proximately vertically, relative to
tread surface 23 of leading tread 3’ in its reayesckgion 47.

Particularly if guiding mechanisms in escalatoreY@lop play over the course of time
and can no longer precisely guide treads 3, it hagpen that front intermeshing

structures 33 on end face 31 no longer fit examiyplementarily into rear intermeshing
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structure 41 on rear edge region 47 of leadingitBaln this case, collisions between
intermeshing structures 33, 41 can occur, whichreault in wear and tear or, in the

worst case, in damage to intermeshing structured BHowever, damaged intermeshing
structures 33, 41 could collide with, for examgemb plates of the escalator and thus
provoke further damage and possibly put at riskoiberation of the escalator. Damaged
intermeshing structures 33, 41 may also constéutazard for passengers, for example, a
tripping hazard.

For this reason, allowing adjacent treads 3 frorshably engaging into each other
during a return run was heretofore avoided. Intimlio an increased space requirement
for escalator 1, however, this also caused a lagkiiolance of adjacent treads 3 in
relation to each other. Because individual treadeehot guided by engagement in
adjacent treads 3, other guidance mechanisms mergffore generally be provided. For
example, guiding rollers such as chain rollers Ridler rollers 29 are led along guide
rails that have elevations or connection piecesgatbeir lateral edges. However, such
restraints can lead to undesired friction losselarto a significantly increased wear and

tear on guided rollers 27, 29.

It has now been recognized, however, that in tke taat adjacent treads 3, 3" in an
escalator 1 according to the invention are guideal $pecial manner in a modified
approaching motion 51 during their convergence tdveach other, and in particular are
tilted relative to each other, an essentially fide meshable engagement of intermeshing

structures 33, 41 can also be produced for tredoisaBed in the return run.

A corresponding relative motion of adjacent tred3id8" is shown in fig. 4 using arrow

51. Trailing tread 3” is thus appropriately tiltedi first as it approaches leading tread 3’,
so that its front edge region 48 is displaced geliif and is no longer located below tread
surface 23 in leading tread 3’, but above rear edgmn 47 of tread surface 23 and
horizontally behind riser 25 of leading tread 3hlpafter such a tilting are trailing tread
3” and leading tread 3’ then brought togetheruntsa manner that a gap s between them
in an essentially horizontal direction graduallgd®es smaller until front intermeshing
structure 33 of trailing tread 3" meshably engaimes rear intermeshing structure 41 of

leading tread 3'. “Horizontal” in this context i3 be interpreted broadly and can be
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interpreted as including directions essentiallyapeal to that of guide rails 57, 59 (see

figures 5 and 6), for example having a tolerance3af.

A corresponding relative motion of adjacent treauf @n escalator 1 according to the
invention is shown in fig. 5 as well as in fig. B{a (d). In order to be able to clearly
recognize the motions of treads 3, illustratiomadlitional structures or components of
supporting structure 53, such as chain wheel ¥&célator 1, that are not relevant for

understanding these motions has been omitted.

Fig. 5 as well as fig. 6(a) to (d) thus representipper region of a track of escalator 1 in
a chronological sequence, while the treads 3 aedun direction of motion 6” in the
return run from upper horizontally running regiahifito the central region 11 running at
an incline. Treads 3 arranged one after anothethasenumbered consecutively with
letters A to F and, starting from the configuratghrown in fig. 5 or fig. 6(a), move
successively farther left in the following figsb§¢o (d) in direction of motion 6. Fig.
6(a) thus corresponds to fig. 5, wherein, in therigst of clarity, some of the names

registered in fig. 5 were omitted.

Each of treads 3 is thus guided in its motion althvegtravel path using a guide-rail
assembly 55. Chain rollers 27 attached at the fsbattread 3 thus each run along chain-
roller guide rail 57, while idler rollers 29 attaghat the rear of tread 3 are each guided
along a traction-roller guide rail 59. In each ¢asee chain-roller guide rail 57 and one
traction-roller guide rail 59 are thus arrangeeétally bordering the track, meaning

adjacent to one of the lateral edges of tread 3.

Chain-roller guide rail 57 and traction-roller geichil 59 are separated from each other
in a vertical direction H, meaning transverse ®irttongitudinal direction. In extensive
parts of upper horizontally running region 13 apdtcal region 11 running at an incline,
chain-roller guide rail 57 and traction-roller geidail 59 run parallel to each other.
Distance Hbetween the two guide rails 57, 59 in the uppeizbatally running region

13 is thus significantly larger than distancgiiicentral region 11 running at an incline,
for example more than 50% larger, preferably mbamttwice as large. In this manner,
inter alia, a height h of supporting structure ®&entral region 11 running at an incline

can be smaller than in conventional escalator thapescalator 1 requires a smaller
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installation space within a building because ofjgserally smaller configuration and can

also have a lesser weight.

In a transition region 61 that stretches betwegreuporizontally running region 13 and
central region 11 running at an incline and thainexts these regions 13, 11, chain-roller
guide rail 57 and traction-roller guide rail 59 basignificantly differently curved

courses. While traction-roller guide rail 59 iswen with a uniform curvature radiug,R

or is at least curved in such a manner that itgature approximately in the center of
transition region 61 assumes a maximum curvatutieiseR,, chain-roller guide rail 57

has three different partial regions with differentvatures R R;and R.

A first curved region Ig; close to the border, bordering transition regitrat

horizontally running region 13, has here a firgivature R that is sharper than curvature
R, in an associated region of traction-roller guidié 59, meaning it has a smaller
curvature radius than this. This first curved regie; close to the border also preferably
spans a sharp bend K, at which the horizontalgfahe framework, which forms

supporting structure 53, transitions into a parthe$ framework running at an incline.

An opposing second first curved regiog.klose to the border, at which transition region
61 abuts central region 11 running at an incliraes, & second curvature fat can also
be sharper than curvaturg R an associated region of traction-roller guidié %9, but

which is at least greater than a curvatugénRnterposed region of curvature.K

In interposed curved regionyKthe curvature is substantially gentler than mftikio
adjacent curved regions:Kand Kz, close to the border and in particular gentler than
curvature R of the traction-roller guide rail. Specificallynterposed curved region,K
can be approximately flat, meaning it has no cumgbr has a curvature with an infinite

radius of curvature.

In the motion sequence illustrated in figs. 6(afdp treads 3 in a return run move from
right to left. For each of treads 3 there is awjtmotion, marked in the different figures
by an arrow, with which the indicated tread 3 ligd in the corresponding stage of the

sequence of motion because of the guidance ofuitegail assembly 55.
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It can be recognized that one tread 3, such asehd with the designation C, coming
from an upper horizontally running region 13 aray#éling into transition region 61 is
first tilted counter-clockwise, because in curvedion Kg; close to the border the
distance between chain-roller guide rail 57 andtiwa-roller guide rail 59 is initially
increased. However, this distance then decreasds mgfurther travel if tread 3 runs
through interposed curved region.Kread 3 is then tilted clockwise by this.
Simultaneously tread 3 is guided by guide-rail agdg 55 in such a manner that it
approaches a leading tread 3. A gap s betweendrahface 31 of the one tread 3 and
riser 25 of adjacent tread 3 becomes successiw@ler so that intermeshing structure
33 of front edge face 31 approaches intermeshingtstre 41 at riser 25 in a horizontal

direction and finally meshably engages into it.

During the passage through transition region 6facaat treads 3 are thus guided and
tilted in such a manner relative to one anotherrafative to supporting structure 53 that,
on the one hand, they do not collide with suppgrstructure 53, in particular in the
region of its sharp bend K. On the other handdseaare brought closer to each other in
an essentially horizontal direction in such a manhat end face 31 of a trailing tread is
brought closer to the adjacent tread, especialistoser 25, not from below, but from
behind.

Through this essentially horizontal convergencetgrmeshing structures 33, 41 of
adjacent treads 3, it can on one hand be achigatdntermeshing structures 33, 41 are
brought together relatively slowly, and suffici¢gime thus remains that these can align
themselves to one another if necessary. On the bénel, by virtue of trailing tread 3

with its front intermeshing structure 33 being mbvet from below abutting tread
surface 23, but horizontally from behind towarerig5 abutting adjacent tread 3, even in
the case in which intermeshing structures 33, éInat initially aligned to fit exactly
together, the exertion of excessive force on ingstmng structures 33, 41, rollers 27, 29

and guide-rail assembly 55 and, in the worst cdaage to them can be avoided.

As is illustrated in fig, 2, for supporting the reble engagement, adjacent ribs 35, 43
and interposed grooves 37, 45 of front intermesktngcture 33 and rear intermeshing
structure 41 preferably have a conical cross-sectiothis manner, engagement is made

significantly easier because the groove width obges 37, 45 at end face 31 and at the
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rearward-facing region of riser 39 is greater dredrib width of ribs 35, 43 is
correspondingly narrower. The result is at mostraact of the lateral flanks of ribs 35,
43 of two adjacent treads 3 that align to eachrdtkeause of the lateral forces that arise

during the meshable engagement.

The conical cross-section of ribs 35, 43 and gre@#& 45 have a flank angiep
between 0.5° and 10°, preferably between 1° anthb8t preferably of 3°. Of course, the

two flank angles,  can be designed different from each other.

Although the invention has been described throbglillustration of specific exemplary
embodiments, it is clear that countless additiemabodiment variants can be created
within the context of the present invention. Theusnce of motion shown in figures 5(a)
to (d) is made possible by the shape of chainirgllide rail 57 designed especially for
that purpose and matched to the shape of traatiber-guide rail 59. It is clear from this
illustration, however, that instead of chain-rolgride rail 57, traction-roller guide rail 59
can have a design with three different curved megi¢;, Kro, Kz. Clearly, chain-roller
guide rail 57 as well as traction-roller guide &8l can each have a design with three
different curved regions &, Krz, Kz to thus achieve the arrangement of intermeshing
structures 33, 41 of adjacent treads 3 in a meglegaged manner via the proposed,
special design of guide-rail system 55 at least m<sentral region 11 of the return run

running at an incline.

Finally, it should be noted that terms such as 'fw@smg" and the like do not preclude
other elements or steps, and terms such as "@he’ 'do not preclude a plurality.
Furthermore, it should be noted that featuresepssthat have been described with
reference to one of the above embodiments maybalssed in combination with other
features or steps of other embodiments describedealReference characters in the

claims are not to be interpreted as being limiting.

-18 -



10

15

20

25

30

IP4091WO

Claims

1. An escalator (1) comprising:

a plurality of treads (3) arranged one after ano#éifeng a track, each of which has a tread
surface (23) and a riser (25) adjacent to a reduoéthe tread surface (23) and running
transverse to the tread surface (23);

a guide rail assembly (55) having a chain rolleédguwail (57) for guiding chain rollers
(27) of the treads (3) and a idler roller guidé {&9) for guiding idler rollers (29) of the
treads (3) during a forward run of a lower, horiably running region (9) of the track
over a central region (11) of the track that runaraincline toward an upper, horizontally
running region (13) of the track and during a netum moving in the opposite direction;
wherein each tread (3) has a front intermeshingsitre (33) and a rear intermeshing
structure (41), wherein the front and the rearimgshing structure (33, 41) are formed
complementarily to each other in such a manneritietmeshing structures (33, 41) of
adjacent treads (3) oriented toward one anothenmeshably engage into each other,
characterized in that

there is a transition region (61) between the uppezontally running region (13) and
the central region that runs at an incline (11)esem in the transition region (61) of the
return run, the chain roller guide rail (57) andtiee idler roller guide rail (59) has two
curved regions (Ki, Kgry) close to the edges of the upper and the cergédms (11, 13)
having a sharp curvature (R1, R2) and an interpogeded region (K) having a gentler

curvature (R3).

2. The escalator according to claim 1, wherein egedd (3) has a chain roller (27)
orthogonally spaced apart from the tread surfa8g ¢se to its front end at a first
distance and has a idler roller (29) close todts end orthogonally spaced apart from the

tread surface (23) at a second distance thatgerdhan the first distance.

3. The escalator according to claim 1 or 2, whettgénchain roller guide rail (57)
and the idler roller guide rail (59) in the upperikontally running region (13) of the
track are spaced farther apart from each otherithdre middle region (11) of the track
running at an incline; and

wherein the chain-roller guide rail (57) and thieidoller guide rail (59) in the transition

region (61) between the upper horizontally runmiggjon (13) of the track and the
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central region (11) of the track running at aniimelare designed to run at different
curvatures relative to each other, so that adjaceatls (3) guided along the guide rail
assembly (55) are guided in such a manner thdtdheintermeshing structure (33) of a
tread (3) is spaced apart from the rear intermesstinucture (41) of the adjacent tread (3)
with a gap(s) as long as both treads (3) are maieety the upper horizontally running
region (13) of the track, and the front intermeghstructure (33) of the tread (3) is
meshably engaged into the rear intermeshing strei¢til) of the adjacent tread (3) in a
region (39) of the riser (25) in such a manneioagadually reduce the gap(s) between
them in the horizontal direction if the two tred8% are moved one after another along
the transition region (61) in the central regiof)(af the track running at an incline.

4. The escalator according to any of the precediaigns 1 to 3, wherein the chain
roller guide rail (57) and the idler roller guidsIn(59) in the transition region (61) are
designed to run at a different curvature relatovedch other so that a distance between
the chain roller guide rail (57) and the idler eolfuide rail (59) coming from the upper
horizontally running region (13) is first increasaad then is gradually reduced further

toward the central region running at an incline)(11

5. The escalator according to any of the precediaigns 1 to 4, wherein the chain
roller guide rail (57) in the in curved regionsg{KKg,) has a sharper curvature (R1, R2)

close to the edge than the idler roller guide(&#8) in the corresponding regions.

6. The escalator according to any of the precediaigns 1 to 5, wherein the chain
roller guide rail (57) in the interposed curvediog(K;) has less curvature (R3) than the

idler roller guide rail (59) in a corresponding iy

7. The escalator according to any of the precediaigns 1 to 6, wherein the chain

roller guide rail (57) in the interposed curvedioey(K;) is level.

8. The escalator according to any of the precediaigns 1 to 7, wherein the chain
roller guide rail (57) and the idler roller guidgIn(59) in the transition region (61) are
designed to run at different curvatures relativedoh other, so that a tread (3), while
traversing the transition region (61) coming frdra tipper horizontally running region

(13), is first moved away with its front intermesdistructure (33) tilted away from the
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rear intermeshing structure (41) of the adjaceadn(3) and then, by contrast, tilted

toward the rear intermeshing structure (41) ofdticent tread (3).

9. The escalator according to any of the precediaigns 1 to 8, wherein the front
intermeshing structure (33) is formed on a forwdirdcted end face (31) of the tread (3)
that runs transverse to the tread surface (23dj@cent ribs (35) and interposed grooves
(37), and the rear intermeshing structure (41pised on a rearward directed region (39)

of riser (25) via adjacent ribs (43) and interpogembves (45).

10. The escalator according to claim 9, whereiratljacent ribs (35, 43) and
interposed grooves (37, 45) of the front intermeglstructure (33) and of the rear
intermeshing structure (41) have a conical crosiesein order to support the meshing

engagement.
11. The escalator according to claim 10, whereéncthnical cross-sections of ribs

(35, 43) and grooves (37, 45) have a flank anglg)(between 0.5° and 10°, preferably

between 1° and 5°, most preferably between 3°.
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