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POWER OF ATTORNEY

I, the undersigned Justin Jacobs by the rights that 1
tepresent  and  acting as  President and Legal
Representative(s) of SMART LIFTS, LLC an organization
existing under the laws of the State of California, Upited
States of America and in present execution of its (social)
objective, domiciled at

CA 94025, USA do hereby grant POWER OF
ATTORNEY to Mr. Juan Carlos Cuesta Quintero and/or
Mrs. Diana Romero Calvo, members of Cuesta & Asociates
Ltda,, residing in Bogotd, Colombia, and identified with
CC 79.339.809 and CC 52.250.482 and with professional
card 43.273 CSJ and 121.002 CSJ, respectively, to act on
behalf of grantor before any entity, authority and/or
person, specially before those Administeative, Contentious-
Administrative, Judicial and/or any other, in all matters
concerning the following:

1.- To file, obtain and/or register any of the type of
Intellectual and Industrial Property right, such as: Patents
of lIaventions and Model Utlity Patents; Industial
Designs, Trademarks, Slogans, Trade Names and emblems
or ensigns, and Appellations of Origin; copysights in any of
their presentations (display); sanitary registrations,
operating authorizations and/or licenses; as well as their
tenewals or extensions, assignments, changes of name
and/or domicile, agreements and licenses, domain names
applications. Especially those related to: international

2. To bring actions of opposition, observances,
infringement or refutation, reconsideration, complaints,
appeals or legal recourses, cancellation, nullity and other
actions related with rghts derived from the above-
mentioned matters and against the unfair competition,
engage facilitation hearings, as well as to intervene or
participate in Civil, Commercial, Criminal, or Contentious-
Administrative Tdals; in actions or lawsuits or litigation’s
that grantor initiates or are initiated against him.

3- In order that this mandate is sufficient enough for
all the matters referenced above, | (we) do hereby expressly
grant full and ample POWER OF ATTORNEY to exercise
the special rights established under Art. 70 of the Civil
Procedure Code, this is: to conciliate, settle, submit to
arbitration, waive legal proceedings, defer the harmonious
testimony or decisive oath, absolve or acquit positions; and
to receive the object related to the litigation or to take
possession of the said object. Attorneys may execute any
other act that requires a special clause; for any and/or all
the provisions mentioned in these instruments.

4.- To exercise Judicial Proxy and to ratify or not the
officious agency. Attorneys may also grant power of
attorney over the same to act in and out of the Colombian
territory. )

5. To substitute or delegate this Power of Attorney
to act in Colombia and abroad in favor of other or others
and to revoke such substitutions or delegations.

6.- It is expressly stated that attributions listed under
this Power of Attorney are merely exemplifying and not
limitative of other implicit atiributions, therefore, the
attorneys -in fact- are authorized to exercise without any
restriction whatsoever, all the rights granted by the law in
force and/or with the legislation to be enacted in the
future, related and/or resulting and/or are the consequence

At Signature

of the subject of this Power and regarding all hereby stated.
Granted and gigned at Sss A

PODER ESPECIAL

Yo (nosotros),
abajo firmante(s), por los
derechos que represento(amos) en mi(nuestra) calidad de
REPRESENTANTE LEGAL de la sociedad
s  constituida
bajo las leyes de y en actual
cumplimiento de su objeto social, con domicilio en
por el pr
instrumento confiero PODER ESPECIAL a favor de Juan
Catos Cuesta Quintero y/o Diana Romero Calvo,
miembros de la firma Cuesta & Asociados Ltda,
domiciliados en Bogoti, Colombia, identificados con C.C.
79.339.809 y CC 52.250.482 y Tarjetas Profesionales 43.273
CSJ y 121.002 C§], respectivamente, para que actuando a
nombre del (de la) otorgante lo (l2) represente(n) ante
cualquier entidad, autoridad, y/o persona, especialmente
ante las  del orden Administrativo, Contencioso-
Administrativo, Judicial y/o de cualquier otra que fuere, en
todo lo referente a los siguientes asuntos:
1- Solicitar, tramitar, inscribir y/o registrar cualquiera
de las modalidades de Propiedad Industrial, esto es, las
Patentes de Invencidon y Modelos de Utilidad; los Disefios
Industdales; los Signos Distintivos, como: Marcas, Lemas,
Nombres y Ensefias Comerciales y Denominaciones de
Origen; Derechos de Autor; Registros Sanitarios y de
Variedades Vegetales; asf como sus renovaciones o
prorrogas,  transferencias, cambios de nombre y/o
domicilio, contratos y licencias, solicitud de nombres de
dominio. Caso especifico, para
2. Ejercer acciones de oposicidén, observacion,
impugnacidn, reposicién, apelacion, cancelacion, nulidad y
demds que se relacionen con derechos derivados de los
asuntos indicados y en contra de la,competencia desleal, asi
como participar en audiencias de facilitacion intervenir en
Juicios  Civiles, Comerciales, Penales, Contencioso-
Administrativos, en acciones o juicios que promueva o se
promuevan en contra del (la) mandante.
3- Para que en todos los asuntos arriba mencionados
este mandato sea suficiente, confiero expresamente este
Poder amplio y suficiente, para ejercer las facultades
especiales establecidas en el articulo 70 del Cédigo de
Procedimiento  Civil, esto es: conciliar, transigir,
comprometer ¢l pleito en drbitros, desistir del pleito, deferir
al juramento.decisorio, absolver posiciones, y recibir la cosa
sobre la cual verse el litigio o tomar posesiGn de ella. Los
mandatarios podrin ejecutar cualquier otro acto que
requiera de cliusula especial para cualquiera o todas las
disposiciones que se mencionan en este instrumento.
4.- Ejercer Procuracidn Judicial, y ratificar o no la
agencia oficiosa. Los mandatarics quedan facultados para
conferir poder en los asuntos agui mencionados, para
actuar bien dentro o fuera del territorio colombiano.

5.- Sustituir o delegar el presente Poder y revocar
tales sustituciones o delegaciones.
6.- Se deja expresa constancia que las facultades

enumeradas en este mandato son  meramente
ejemplificativas y no limitativas de otras facultades
implicitas, por cuyo motivo, los mandatarios estin
autorizados a ejercer, sin restriccién alguna, todos los
derechos de acuerdo con la ley vigente y/o con la
legislacién que se promulgue en el futuro, se relacionen y/o
emerjan y/o sean consecuencia del objeto del presente

Poder y en razon de lo aqyfexpresado.
Dado y firmadg ¢ . (=] & “—.
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ASSIGMENT

I, the undersigned, (inventor's name), Justin
Jacobs, which here and after is referred as
the ASSIGNOR,

Citizen/s of ___United States of America,
Residing at 1164 Chestnut Street. Menlo
Park, CA 94025, USA

By these presents declare under oath to be
the solo and true inventor/s of the invention
entitled:

“SYSTEM HAVING MULTIPLE CABS IN AN
ELEVATOR SHAFT"

And,

SMART LIFTS, LLC a corporation organized
and existing under the law of [country] the
United States of America having its domicile
in 1164 Chestnut Street Menlo Park
California 94025, United States of America
(Country, city & address) and represented
by (individual's name) Justin_Jacobs, acting
as its (job title) President, which here and
after is named as ASSIGNEE,

Both, ASSIGNOR and ASSIGNEE have
agreed to the following: :

To ASSIGN from the ASSIGNOR to the
ASSIGNEE the Industrial Property Rights
related to the Patent PCT/US2011/063210
from December 4, 2011 (date).

Given on ﬁ < 3 2003
in CA, USA.

Justin Jacobs
ASSIGNOR

oY G

Smart Lifts, LLC
ASSIGNEE

CESION

Yo / Nosotros, abajo firmando/s (Nombre
del inventor) --------s--e-oreeee , Quien en
adelante ser4 el CEDENTE,

Ciudadano/s de

domiciliado/s en

Por el presente documesto declaramos bajo
juramento ser ellos Unico/s y verdadero/s
inventor/es de la invenci6n tituiada:

Yl

------------------------- una sociedad
debidamente constituida y existente bajo las
leyes de (pafs) , con

domicilio en [pals, ciudad y direccién) --------
--------------------- y representada por (nombre)
------------------------- quien actlia como (titulo)-
quien en

adelante ser4 el CESIONARIO,

Ambos, CEDENTE y CESIONARIO han
acordado lo siguiente:

CEDER del CEDENTE al CESIONARIO los
derechos de propiedad Industrial relativos a
la Patente PCT /--/---/-----, del ---reeseee-
(fecha)

Dado en el

CEDENTE

CESIONARIO

W



" Customer No.; 24943

ASSIGNMENT

WHEREAS, 1, Justin Jacobs, (hereinafter referred to as “ASSIGNOR”), am the inventor of
application for United States Letters Patent for the invention entitled “System Having Multiple Cabs in an
Elevator Shaft”, Application Serial No. 13/009,701, filed on January 19, 2011;

WHEREAS, SMART LIFTS, LLC a corporation existing under the laws of the State of
California having its principal place of business at 1164 Chestnut Street, Menlo Park, California 94025
(hereinafter referred to as "ASSIGNEE"), is desirous of acquiring the entire right, title and interest in and to
the invention, improvements and said application for Letters Patent;

NOW THEREFORE, for and in consideration of One Dollar ($1.00) and other good and valuable
consideration, the receipt and sufficiency of which is hereby acknowledged, said ASSIGNOR, has sold,
assigned and set over, and by these presents does hereby sell, assign and set over unto the said ASSIGNEE,
its legal representatives, successors and assigns, its entire rights, title and interest in and to said application
to United States Letters Patent, and the invention disclosed, described or claimed in said application to
Letters Patent, tdg_ether_ with all divisions, reissues, continuations and extensions thereof, and any and all
rights of recovery for past infringement of said application to Letters Patent.

ASSIGNOR also hereby sells and assigns to said ASSIGNEE, its successors, assigns and legal
representatives the full and exclusive rights, title and interest to the invention disclosed in said application
for patent and any applications throughout the world, including the right to file applications and obtain
- patents, utility models, industrial models and designs for said invention in its own name throughout the
world including all rights of priority, all rights to publish cautionary notices reserving ownership of said
invention and all rights to register said invention in appropriate registries;

ASSIGNOR further agrees to execute any and all powers of attorney, applications, assignments,
declarations, affidavits, and any other papers in connection therewith necessary to perfect such rights, title
and interest in ASSIGNEE, its successors, assigns and legal representatives;

 ASSIGNOR hereby further agrees that ASSIGNOR will communicate to said ASSIGNEE, or its
successors, assigns and legal representatives, any facts known to me respecting any improvemerits; and, at
the expense of said ASSIGNEE, to testify in any legal proceedings, sign all lawful papers, execute all
divisional, continuation, continuation-in-part, reissue and substitute applications, make all lawful oaths, and
generally do everything possible to vest title in said ASSIGNEE and to aid said ASSIGNEE, its successors,
assigns and legal representatives to obtain and enforce proper protection for said invention in all countries;
and '

~ ASSIGNOR authorizes ASSIGNEE or the appointed agent of the ASSIGNEE, to enter the
Application serial number and filing date of the patent application in spaces provided herein.

IN WITNESS WHEREOF, ASSIGNOR has cause this agreement to be executed on the date below.

-

= {7-72013

Date Signature: Justin Jacobs

e




SYSTEM HAVING MULTIPLE CABS IN AN ELEVATOR SHAFT

INVENTOR
JUSTIN JACOBS

FIELD OF INVENTION
[0001] The invention relates generally to a multi-cab elevator system having cabs which move

independently of each other in an elevator shaft.

BACKGROUND
[0002] Reducing the number of elevator shafts used in a building has been attempted for years in
order to increase the space available for profitable purposes. It is expected that the number of
hoistways in some large buildings could be reduced by over 80%. For years, double deck cabs
have been used in order to increase the passenger capacity of a hoistway, with each deck serving
even or odd floors. However, double deck cabs can limit the freedom of travel provided to
passengers. Some systems have used multiple one-way shafts with several cabs being
transferred from one shaft to another in order to create a loop of travel. This is has proven to be
too costly due to complexity and increased energy usage.
[0003] Another way to accomplish this is by having multiple cabs in a single shaft. The number
of cabs in an individual shaft has been limited to two or three cabs due to the auxiliary equipment
used for operation of one cab interfering with another cab’s operation. Placing counterweights
for the various cabs that do not interfere with each other can be a significant problem as the
number of cabs increases. Using one central counterweight or two counterweights on opposing
corners of a cab can result in less than ideal balance of the cabs. In some instances, the space
needed for the travel of counterweights can be reduced, but this may require cable storage
outside of the existing footprint of the elevator shaft. This is a drawback, since a significant
advantage of a multiple cab elevator system is reducing the footprint used.
[0004] Elevator systems capable of using multiple cabs are also usually incapable of operating in
an existing elevator shaft without substantial modification. This can significantly increase the

installation cost of such a system.

SUMMARY

[0005] The present invention is an elevator system which allows four or more cabs to operate
independently in a single elevator shaft. The cables used for various systems are generally
restricted to areas outside the pathway of the cabs to eliminate interference. In an embodiment,
the top cab is connected to two counterweights, while the rest of the cabs are connected to four
counterweights each. The connection points between the top cab and its counterweights are at
the center of the top surface of the cab. The connection points between the lower cabs and the
counterweights are located on either side (wall) of the cabs and horizontally shifted relative to
one another in order to avoid interference between cables and provide unencumbered access to

each of the counterweight channels and pulleys. As long as interference preventing the



movement of any of the cabs is avoided, various numbers of cabs may be used, and various
numbers of counterweights may be used for the top and lower cabs. The present invention does
not require any storage of cables due to each counterweight having its own counterweight
channel and traveling the length of the hoistway.

[0006] In an embodiment, the cabs use two tracks which are located on opposite sides of the
elevator shaft for guidance and breaking functions. The use of center side tracks provides more
even weight distribution than other arrangements, such as one track near each of the four corners
of the cab. The use of two tracks also creates less friction between the tracks and cabs, which
results in energy savings. Each cab connects to a specific lift cable on the rear or one side of the
cab. Each lift cable can be connected to, for example, a motor pulley and floor pulley to allow
controlled movement of each cab independently.

[0007] The features and advantages described in the specification are not all inclusive and, in
particular, many additional features and advantages will be apparent to one of ordinary skill in
the art in view of the drawings, specification, and claims. Moreover, it should be noted that the
language used in the specification has been principally selected for readability and instructional
purposes, and may not have been selected to delineate or circumscribe the inventive subject

matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Figure 1 is an illustration of the front providing an overview of an elevator system in
accordance with one embodiment of the present invention.
[0009] Figure 2 is an illustration of the cabs in the hoistway from another perspective
highlighting the connections of the counterweights, motors and track elements to the cabs, in
accordance with one embodiment of the present invention.
[0010] Figures 3A to 3D are illustrations of the top view of cabs 1, 2, 3 and 4 that show how
each cab is connected to, among other things, the counterweights, vertical tracks, and motors, in
accordance with one embodiment of the present invention.
[0011] Figure 4 is an illustration of a front view of cab 2 that shows how the counterweights and
vertical tracks are attached to the cab in accordance with one embodiment of the present
invention.
[0012] Figure 5 is an illustration of the top of the elevator shaft that shows the placement of the
counterweights in their channels in accordance with one embodiment of the present invention.
[0013] Figure 6 is an illustration of the placement of the track and how the motor system is
attached to each of the cabs in accordance with one embodiment of the present invention.
[0014] Figure 7 is an illustration the operation of an elevator shaft having multiple cabs in

accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION




[0015] A preferred embodiment of the present invention is now described with reference to the
figures where like reference numbers indicate identical or functionally similar elements. Also in
the figures, the left most digit of each reference number corresponds to the figure in which the
reference number is first used.

[0016] Reference in the specification to “one embodiment™ or to “an embodiment” means that a
particular feature, structure, or characteristic described in connection with the embodiments is
included in at least one embodiment of the invention. The appearances of the phrase “in one
embodiment” in various places in the specification are not necessarily all referring to the same
embodiment.

[0017] In addition, the language used in the specification has been principally selected for
readability and instructional purposes, and may not have been selected to delineate or
circumscribe the inventive subject matter. Accordingly, the disclosure of the present invention is
intended to be illustrative, but not limiting, of the scope of the invention, which is set forth in the
claims.

[0018] A view from the front of a preferred embodiment of the multi-cab elevator system is
illustrated in Figure 1. A hoistway 100 is shown having four cabs 110. It should be recognized
that the arrangement of the counterweight and motor systems allow for the operation of more
than four cabs in other embodiments. Six, or more cabs can be operated in a single
hoistway/shaft. This is made possible by the offset of counterweights and motors, as discussed
below. The cabs 110 in the hoistway 100 are all aligned vertically. From top to bottom, the cabs
are referred to as cab 1 (110A), cab 2 (110B), cab 3 (110C) and cab 4 (110D). Each of the cabs
110 is capable of moving throughout the hoistway 100 independently of one another, without
passing another cab, due to each cab having an associated motor 130 and horizontally separated
cables, pulleys 140 and counterweights 120.

[0019] The movement of the cabs 110 is driven by motors 130 positioned at the top of the
hoistway 100, in the preferred embodiment. In alternate embodiments the motors 130 can be
placed in different locations, such as the bottom of the hoistway or each motor can be placed at
different locations. Each cab is connected to a motor 130 by a lift cable 136. Each lift cable 136
is attached to a cab 110 at two vertically aligned motor connection points 150 on the cab, e.g., on
the rear face of the cab. Each cab can also have a single motor connection point 150 rather than
the two illustrated. In this case, each end of a lift cable would attach to the same motor
connection point. The motor connection points 150 of each cab are horizontally shifted to
prevent interference (interaction) with another cables 136 from another cab 110. For example, in
Figure 1, the motor connections points 150 shift from right to left as the cabs 110 become lower
in the hoistway 100. This allows a plurality of cabs beyond the four in this embodiment to each
be controlled by a dedicated motor without any obstruction caused by the lift cables 136. One
end of each of the lift cables 136 connects to the upper motor connection point 150 on a cab. The

lift cables 136 are then routed through the motors 130 near the ceiling of the hoistway. The lift



cables 136 are then routed through floor pulleys 170 which are attached to the bottom of the
hoistway. Finally, the other end of each of the lift cables 136 is attached to the lower of the two
motor connection points 150.

[0020] In an embodiment, counterweights 120 are located on the sides and rear of the cabs 110
and travel along the length of the hoistway 100. Each of the counterweights 120 is connected to
a cab by a counterweight cable running through one of the counterweight pulleys 140 located at
the top of the hoistway 100. The counterweight pulleys 140 along the sides of the hoistway are
aligned, in an embodiment, coaxially. Different sized pulleys account for different spacing
between the cabs 110 and counterweights 120. Alternatively, multiple pulleys can be used to
vary the spacing between the cabs 110 and counterweights 120. The counterweights 120 are all
kept in individual counterweight channels in order to control the movement of the
counterweights 120 and to avoid interaction/interference between counterweights 120. For
example, the counterweights 120 and pulleys 140 can be horizontally shifted in order to provide
unencumbered access to each of these systems and avoid interference with other equipment.
[0021] The bottom cab, cab 4 (110D), has a spring 180 or another collision dampening device on
the bottom of the cab as a safety precaution. In the event of a collision between the bottom of
the hoistway 100 and cab 4 110D, the spring mitigates the damage from impact. With the
possible exception of the top cab, cab 1 100A, all cabs 110 have a bumper 160 or another
collision dampening safety device on the top of the cab. The bumpers 160 are similarly used as a
safety precaution to lessen the impact of a collision between two of the cabs 110.

[0022] Figure 2 is another perspective of the elevator system in accordance with one
embodiment of the present invention. The cabs 110 move along two tracks 230 on each side of
the hoistway that run the length of the hoistway 100. The cabs 100 are attached to the tracks 230
using guides 220. While illustrated as wheels, the guides 220 may also be double pronged
guides which can serve as brakes. A mix of different types of guides can also be used, with
some providing guidance and others providing brakes and guidance. Each of the depicted cabs
110 has four guides 220, two on opposite sides of the cab. In a preferred embodiment, each of
the cabs has two guides 220, one on opposite sides of the cab. Various numbers of guides can be
used. Having two tracks, rather than one at each corner as in some conventional systems,
provides better weight distribution, e.g., more balanced weight distribution, and lower
maintenance costs in certain situations. The use of two tracks also causes less friction between
the guides and tracks which results in more efficient operation of the elevator system. In an
embodiment two of the guides are positioned substantially along a center axis or plane of a first
wall of the cab 110A and two guides are positioned substantially along a center axis or plane of a
second wall of the cab 110A, wherein in one embodiment the first and second walls of the cab
110 are substantially parallel. The uppermost cab, cab 1 (110A), is connected to two
counterweights 120 at the rear of the hoistway 100. In an embodiment, only one counterweight

120 is connected to cab 1 (110A). These counterweights are attached to cab 1 (110A) at




counterweight connection point 240A, which is located at the center of roof of cab 1 (110A). In
alternate embodiments cab 1 (110A) is connected to a different number of counterweights, e.g.,
one, four etc. In alternate embodiments cab 1 (110A) has multiple connection points, for
example, similar to those described below.

[0023] In one embodiment, the remaining cabs, e.g., cab 2 (110B), cab 3 (110C) and cab 4
(110D), are connected to four counterweights each, with two located on either side of the cab. It
is shown that the counterweight connection points 240 on the cabs 110 are horizontally shifted in
order to avoid interference with one another. For instance, the cab 3 connections points 240C are
shifted toward the front and rear of the hoistway 100 relative to the cab 2 connection points
240B.

[0024] Figures 3A, 3B, 3C, and 3D illustrate a top view of each of the cabs in one embodiment
of the invention. As illustrated in Figure 3A and as described above, the location of the cab 1
counterweights 120A is different than that of the other three cabs. The counterweight connection
point 240A for cab 1 (110A) is located at the middle of the top of the cab rather than on the
sides. The counterweight connection point is not implemented in this fashion on the other cabs
since there is a cab above which would interfere with the counterweight connection cable. The
counterweight connection point 240A is attached to the counterweights 120A at the rear of the
hoistway. As illustrated, counterweights 120 can be attached to dividing walls 360. Dividing
walls 360 allow counterweights and other equipment to be attached to both sides of the dividing
wall 360. This increases the amount of counterweights and cabs that can fit in a single hoistway.
The rear dividing wall can be extended to span the width of the rear of the hoistway.
Counterweights can also be attached to the outer hoistway wall rather than a dividing wall, if
dividing walls are not included. However, dividing walls allow significant flexibility in the
selection and placement of counterweights. By using a dividing wall, a large number of
counterweights can be included which allows many cabs to fit into a single hoistway. In some
instances, these counterweights can be long and narrow in order to reduce the horizontal space
occupied. Wells might be included at the bottom of the hoistway to provide long
counterweights, and therefore cabs, full range of motion. The counterweights used by the cabs
do not need to be of the same size or shape as long as the counterweights are kept evenly
balanced for each of the cabs. In addition, a large number of counterweights, e.g., 16, can be
used for a single cab as long as the counterweights for each cab are kept balanced.

[0025] Figures 3B, 3C and 3D illustrate a top view of cabs 2, 3 and 4 respectively in accordance
with one embodiment of the present invention. All of these cabs feature similar counterweight
locations. Four counterweights 120 are placed horizontally near the sides of the cab, one in each
quadrant of the cab. This arrangement, with four connection points to the counterweights,
provides balance superior to conventional arrangements such as two counterweights in opposing
corners. In one embodiment, in order to improve balance, the two counterweights 120 on each

side of the cab are placed equidistant from the guides 220. As discussed above, the distance



between the counterweights and the guides can be altered for each cab to prevent interference
between counterweights, cables and pulleys. For ekample, the counterweight connection points
240B for cab 2 can be positioned so that an axis or plane formed between opposite connection
points passes through or near the two-dimensional center of the cab 110B. That is, an imaginary
axis or plane between counterweight connection point 240B in the upper left of Figure 3B and
counterweight connection point 240B in the lower right of Figure 3B passes at or near the two-
dimensional center of cab 1 10B (for example, near the center of bumper 160B in the two-
dimensional perspective of Figure 3B). Similarly an imaginary axis between counterweight
connection point 240B in the upper right of Figure 3B and counterweight connection point 240B
in the lower left of Figure 3B passes at or near the center of cab 110B. This assists in balancing
the cabs and reducing the torque on the guides 220.

[0026] Similarly, the motor connection points 150 on the rear of each of the cabs are shifted on
each cab in the hoistway to prevent interference between the motor systems and cables of each
cab.

[0027] In one embodiment, as illustrated in Figure 3B, the counterweights 120B of cab 2 110B
are located nearest the tracks 230 on either side of the elevator shaft. Four counterweight
connection points 240B are aligned with the counterweights and connected to the counterweights
by a cable. A motor connection point 150B connects to a motor 130B towards the rear of the of
elevator shaft to enable movement of the cab. The motor connection point 150B is hofizontally
shifted from motor connection points from other cabs to avoid interference with other cables.
Two guides 220B are in line with the tracks 230 and direct the cab as it moves along the length
of the elevator shaft.

[0028] In accordance with one embodiment and as illustrated in Figure 3C, the counterweights
120C of cab 3 110C are located adjacent to the cab 2 counterweights 120B towards the outside
of the hoistway. Four counterweight connection points 240C are aligned with the
counterweights and connected to the counterweights by a cable. As discussed above, the
distance between the counterweights and the guides can be altered for each cab to prevent
interference between counterweights, cables and pulleys. For example, the counterweight
connection points 240C for cab 3 can be positioned so that an axis or plane formed between
opposite connection points passes through or near the two-dimensional center of the cab 110C.
That is, an imaginary axis or plane between counterweight connection point 240C in the upper
left of Figure 3C and counterweight connection point 240C in the lower right of Figure 3C
passes at or near the two-dimensional center of cab 110C (for example, near the center of
bumper 160C in the two-dimensional perspective of Figure 3C). Similarly an imaginary axis
between counterweight connection point 240C in the upper right of Figure 3C and counterweight
connection point 240C in the lower left of Figure 3C passes at or near the center of cab 110C.

As described above, this assists in balancing the cabs and reducing the torque on the guides 220.




[0029] A motor connection point 150C connects to a motor 130C towards the rear of the of
elevator shaft to enable movement of the cab. The motor connection point 150C is horizontally
shifted from motor connection points of other cabs to avoid interference with other motors and
cables. Two guides 220C are in line with the tracks 230 and direct the cab as it moves along the
length of the elevator shaft.

[0030] As illustrated in Figure 3D, the counterweights 120D of cab 4 110D are located adjacent
to the cab 3 counterweights 120C towards the outside of the hoistway. Four counterweight
connection points 240D are aligned with the counterweights and connected to the counterweights
by a cable. As discussed above, the distance between the counferweights and the guides can be
altered for each cab to prevent interference between counterweights, cables and pulleys. For
example, the counterweight connection points 240D for cab 4 are positioned so that an axis or
plane formed between opposite connection points passes through or near the two-dimensional
center of the cab 110D. That is, an imaginary axis or plane between counterweight connection
point 240D in the upper left of Figure 3D and counterweight connection point 240D in the lower
right of Figure 3D passes at or near the two-dimensional center of cab 110D (for example, near
the center of bumper 160D in the two-dimensional perspective of Figure 3D). Similarly an
imaginary axis between counterweight connection point 240D in the upper right of Figure 3D
and counterweight connection point 240D in the lower left of Figure 3D passes at or near the
center of cab 110D. As describe above, this assists in balancing the cabs and reducing the torque
on the guides 220.

[0031] A motor connection point 150D connects to a motor 130D near the rear of the of elevator
shaft to enable movement of the cab. The motor connection point 150D is horizontally shifted
from motor connection points of other cabs in order to avoid interference with other motors and
cables. In addition, it should be noted that in another embodiment any of the cabs may be
connected to multiple motors at multiple motor connection points. Two guides 220D are in line
with the tracks 230 and direct the cab as it moves along the length of the elevator shaft.

[0032] Bumpers 160 on cabs 2, 3, and 4 are also illustrated in Figures 3B, 3C and 3D
respectively. As described above, these bumpers mitigate the impact in a collision between two
cabs. Electric sensors 310 and chain landings 320 are also depicted on the top of all of the cabs
110. The electric sensors provide information regarding cab location and can also provide
information about the status of the cab, e.g., movement, direction, power status etc. The chain
landings 320 can be used as an additional safety device, for example. While not illustrated, in an
embodiment, horizontally shifted electric power and data cables originate at the vertical midpoint
of each hoistway in order to minimize the distance to the cabs at any given time, and to prevent
interference or storage of such cables. The data cables can also provide information to a central
location and receiving information from a central location to assist in cab control, environmental

control, etc.



[0033] Figure 4 illustrates a perspective from the front of cab 2 (110B). The tracks 230 are
shown on either side of the cab. The two front counterweights 120B are also on either side of the
cab. Two additional counterweights connected to cab 2 110B are behind the tracks 230B, but are
not illustrated in Figure 4. Each of the counterweights 120 in the system is guided by a channel
which runs the length of the hoistway. As shown, the two counterweights 120B in Figure 4 are
contained in the channels 410B. The counterweights 120B are connected to the cab 110B by cab
2 counterweight cables 420B. The counterweight cables 420B are attached at the counterweight
connection points 240B as discussed above. The lift cable 136B is shown to be attached to the
cab 110B at two vertically aligned motor connection points 150B. In some embodiments, the
control equipment 460 is located in the bottom portion of the cab. The control equipment 460
can also be located in the top or side portions of the cab. Among other things, the control
equipment governs breaking, opening and closing of doors, léveling of a cab with building
floors, and the movement of a cab, ensuring passengers reach their destination without incident.
Sensor chains 440 are attached to the bottom of the cab in order to help detect the location of
other cabs in the system. Similarly, electric and optical sensors 310B keep track of obstructions
that may be located above the cab 110B and can assist in identifying the location of the cab 110B
in the elevator shaft. A previously mentioned bumper 160B is located on top of the cab should a
collision occur between cab 2 110B and another cab from above.

[0034] Figure 5 illustrates the layout of the counterweights and counterweight channels, as well
as the pulleys in accordance with one embodiment of the invention. The counterweight channels
410 aﬁd the cab 1 counterweights 120A are placed along the rear of the hoistway, in contrast to
the placement of the other cabs” counterweights, in this embodiment. The cab 1 counterweights
120A are attached to cab 1 by counterweight cables 420A. Each of the counterweight cables
runs through a pulley above the counterweight channel and a pulley above the center of cab 1
110A. The cab 1 counterweight channels are horizontally shifted from the motor assembly to
prevent interference and allow unencumbered access to each i.e., the motor assembly 130 is
between the cabs 110 and the cab 1 counterweights 120A. In the present embodiment, motor
130A is connected to cab 1 110A. This also preserves space and allows additional motors to be
mounted for additional cabs. The placement of cab 1°s counterweights at the rear of the
hoistway is due to preference only. Other embodiments are possible which do not restrict
counterweights to the disclosed locations. In alternate embodiments the position of
counterweights 120A and counterweight channels 410A for cab 1 (110A) can vary, for example,
they can be similar to the orientation set forth below with reference to cabs 2-4. This might be
useful to allow doors on both the front and rear of the cabs.

[0035] In one embodiment, as shown in Figure 5, the counterweight channels 410B of cab 2
110B are located near the tracks 230 on either side of the elevator shaft. In alternate embodiment
the counterweight channels can be positioned elsewhere provided the channels, counterweights

and related cables associated with the cabs do not interfere with each other. Pulleys 140B are




located above the counterweight channels 410B and route the counterweight cables 420B from
the counterweights 120B to the counterweight connection points 240B. Motor 130B,
horizontally shifted from the other motors, is connected to the rear of cab 2 110B to enable
movement of the cab.

[0036] The counterweight channels 410C of cab 3 110C are located adjacent to the
counterweight channels 410B for cab 2 110B. Pulleys 140C are located above the counterweight
channels 410C and route the counterweight cables 420C from the counterweights 120C to the
counterweight connection points 240C. Motor 130C, horizontally shifted from the other motors,
is connected to the rear of cab 3 110C to enable movement of the cab.

[0037] The counterweight channels 410D of cab 4 110D are located adjacent to the
counterweight channels 410C for cab 2 110C and nearest the front and back of the elevator shaft.
Pulleys 140D are located above the counterweight channels 410D and route the counterweight
cables 420D from the counterweights 120D to the counterweight connection points 240D. Motor
130D, horizontally shifted from the other motors, is connected to the rear of cab 4 110D to
enable movement of the cab.

[0038] The counterweight channels and counterweights for cabs 2, 3 and 4 can be stacked back-
to-back on the sides of the hoistway. If preferred, the counterweights and their channels can be
confined to the inside of the hoistway as well. While not shown in Figure 5, adjacent
counterweight channels placed back-to-back can overlap as long as the counterweights are offset
so that pulley systems do not interfere with one another. This can increase the number of cabs
that the system is able to operate when counterweight space is a limitation. The counterweight
pulleys along either side of the hoistway can be coaxial and horizontally shifted in the same
manner as the counterweights in order to allow the addition of more cabs. In an alternate
embodiment, the counterweights and counterweight channels 410 are positioned external to the
hoistway/shatft.

[0039] Figure 6 illustrates a side view of the motor system used for each cab in accordance with
one embodiment. In an embodiment, the motor illustrated here for cab 2 110B is similar for all
cabs 110 although the particular positioning of the cables will vary. A vertical track 230 runs
along each side of the hoistway and each track 230 connects to a cab at one or two guides 220B.
The two guides 220B are attached to the track 230 and vertically aligned along the side of the
cab 110B. Two motor connection points 150B are located on the back of the cab and vertically
aligned. One end of a lift cable 136B is attached to the top motor connection point 150B. The
lift cable 136B is then routed through the motor 150B, which is located near the top of the
hoistway 100. The lift cable 136B then runs the length of the hoistway and is routed through the
floor pulley 170B. Between the motor connection points 150B, the lift cable 136B is circular
and continuous. Finally, the other end of the lift cable 136B is attached to the bottom motor
connection point 150B. Like the counterweight system, this motor system eliminates the need

for any cable storage.



[0040] While it is feasible in some embodiments for one hoistway to be used, e.g., in a deep
mine shaft or a tall tower, two or more hoistways are used in the preferred embodiment for
increased passenger convenience. With multiple hoistways, hoistways can alternate and
coordinate the direction their cabs are traveling in effect creating a circular traffic pattern.

Proper coordination of the directions cabs are traveling in can minimize the delay that passengers
experience. The control system would ensure that enough cabs for service were traveling in each
direction. Two hoistways with multiple cabs are expected to be sufficient for many buildings
with 20 or more floors. In one embodiment, it is estimated that an additional hoistway is added
for each additional 20 stories..

[0041] Figure 7 illustrates the general operation of a hoistway with four cabs 110A-D. A
hoistway is shown at 7 different points in time, 9:05 through 9:11, in order to demonstrate
operation of the system. At 9:05, Cab 1 (110A) is located at floor 1 and the rest of the cabs are
located at basement slots 710. The basement slots 710 may be on floors used for car parking. At
9:06, cab 1 (110A) moves up to transport passengers and the other cabs move up 1 level in order
to prepare to transport passengers. At 9:07, cab 2 (110B) begins transporting passengers and cab
3 (110C) moves to floor 1 in preparation. At 9:08 cabs 2 and 3 are still transporting passengers
and cab 4 has moved to floor 1 in preparation for transporting passengers. Cab 1 (110A) has
moved to the attic or mechanical equipment slots 720 in order to allow the other cabs to service
any of the floors in the hoistway. People transferring from parked cars on basement floors use
cabs 2, 3 and 4 to arrive at their desired floors.

[0042] Attic 720 and basement 710 hoistway slots may be included to enable each cab to service
all of the floors in the building, in this case, floors 1-10. For example, if attic hoistway slots Al-
A3 were not present, only cab 1 (110A) would be able to service floor ‘10. Cab 1 (110A) would
not be able to move out of the way and allow the other cabs to reach floor 10. The hoistway can
still operate if the attic and basement slots are not included, but certain cabs would not be able to
provide service to certain floors. '
[0043] At 9:09, Cab 1 (110A) has moved to floor A3 in order to make room for cab 2 (110B)
and cab 3(110C) in the attic slots. The cabs continue to travel upwards while transporting
passengers and eventually moving to the highest floor possible. At this point, a similar process is
begun in the opposite direction. In some situations, the cabs can reverse their direction of travel
before all of the cabs have reached their highest or lowest point.

[0044] An advantage of this invention is that in addition to future buildings, many existing
buildings can effectively and inexpensively be retrofitted for compatibility with the present
invention. In an embodiment, the components can be contained within the existing hoistway and
counterweights areas. In addition, the system may not need to store cables due to the
arrangement of pulleys, counterweights and motors. In addition, some or most of the cables,
pulleys, motors and other equipment can be located outside of the common hoistway, including

above or below the hoistway. In an embodiment, by utilizing multiple cabs in a single shaft, a
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building can achieve additional elevator capacity while eliminating one or more shafts and
converting those shafts to revenue producing space on each floor. The space used for elevator
lobbies throughout a building can also be reduced by eliminating one or more shafts.

[0045] Modifications can be made to the system in order to allow opposing doors to be used on
each of the cabs 110. For example, while not illustrated, all of the counterweights, motors and
related equipment which would impede access to a rear door can be moved to the edges of the
rear of the hoistway or cab or to the sides of the hoistway or cab alongside the lower cab
counterweights. Similarly, counterweights, motors and related equipment can be placed on the
front of the cab as long as they are towards the sides and do not affect use of the door. While
useful for future buildings, the present invention is also compatible with existing buildings and
elevator systems.

[0046] Each of the cabs moves independently due to each cab using separate counterweights and
motors. In order to enable each cab to serve every floor of a building, cab storage levels may be
included above and/or below the floors that are serviced. For example, in order for cab 1 (110A)
to service the lowest serviced floor, there must be enough room under the lowest serviced floor
for cabs 2 through 4 to be stored. Attic and basement hoistway slots could also be used to store
cabs and suspend operation of certain cabs. This can help reduce operating costs during low
usage periods such as nights, weekends and holidays in an office building. The system can also
select a cab to serve only a certain subset of floors, which can help with high traffic sections of
some large buildings, or with a certain number of floors dedicated to one company.

[0047] The above describes various embodiments relative to a building. It is envisioned that in
alternate embodiments the invention can be utilized with a mine (underground), a tower, or
integrated with horizontal movement systems.

[0048] While particular embodiments and applications of the present invention have been
illustrated and described herein, it is to be understood that the invention is not limited to the
precise construction and components disclosed herein and that various modifications, changes,
and variations may be made in the arrangement, operation, and details of the methods and
apparatuses of the present invention without departing from the spirit and scope of the invention

as it is defined in the appended claims.
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[0049] What is claimed is:

1. An elevator system comprising:

a first elevator shaft;

at least four elevator cabs positioned within said first elevator shaft, said four elevator
cabs including a first elevator cab positioned above a second elevator cab, said second elevator
cab positioned above a third elevator cab and said third elevator cab positioned above said fourth
elevator cab, each of said four cabs having a first and second wall that are substantially parallel;

a first set of four cables coupled to said second elevator cab, two cables of said first set of
four cables positioned on said first wall of said second elevator cab and the remaining two cables
of said first set of four cables positioned on said second wall of said second elevator cab, wherein
each of said four cables is connected to one counterweight in a first set of counterweights;

a second set of four cables coupled to said third elevator cab, two cables of said second
set of four cables positioned on said first wall of said third elevator cab and the remaining two
cables of said secor;d set of four cables positioned on said second wall of said third elevator cab,
wherein each of said four cables is connected to one counterweight in a second set of
counterweights, each of said second set of four cables positioned such that the cables do not
interfere with said first set of four cables connected to said second elevator cab; and

a third set of four cables coupled to said fourth elevator cab, two cables of said third set
of four cables positioned on said first wall of said fourth elevator cab and the remaining two
cables of said third set of four cables positioned on said second wall of said fourth elevator cab,
wherein each of said four cables is connected to one counterweight in a third set of
counterweights, each of said third set of four cables positioned such that the cables do not
interfere with either said first set of four cables connected to said second elevator cab or said

second set of four cables connected to said third elevator cab.

2. The elevator system of claim 1, wherein said elevator cabs further comprise:

a first guide, positioned on said first wall, for engaging a first vertical path in the elevator
shaft; and

a second guide, positioned on said second wall, for engaging a second vertical path in the

elevator shaft.

3. The elevator system of claim 2, where said first guide is positioned substantially along a
center axis of said first wall and said second guide is position substantially along a center axis of

said second wall.

4. The elevator system of claim 1, wherein a first axis is formed between one cable of said

two cables of said first set of four cables positioned on said first wall and one cable of said two

12




cables of said first set of four cables positioned on said second wall, and wherein said first axis

passes substantially through the two-dimensional center of the second elevator cab.

5. The elevator system of claim 1, further comprising:

a first set of four pulleys, each pulley disposed to receive one cable of the first set of four
cables;

a second set of four pulleys, each pulley disposed to receive one cable of the second set
of four cables; and

a third set of four pulleys each pulley disposed to receive one cable of the third set of four

cables.

6. The elevator system of claim 1, wherein said first set of counterweights are positioned

external to the elevator shaft.

7. The elevator system of claim 1, wherein said first set of counterweights comprises four
counterweights, each of said four counterweights in said first set of counterweights coupled to

one of said cables in said first set of four cables.

8. The elevator system of claim 7, wherein said second set of counterweights comprises four
counterweights, each of said four counterweights in said second set of counterweights coupled to

one of said cables in said second set of four cables.

9. The elevator system of claim 8, wherein said third set of counterweights comprises four
counterweights, each of said four counterweights in said third set of counterweights coupled to

one of said cables in said third set of four cables.

10.  The elevator system of claim 7, further comprising a set of four counterweight channels,

each of said four counterweight channels for housing one of said first set of counterweights.

11.  The elevator system of claim 1, further comprising a first set of counterweight channels,
each counterweight channel in said first set of counterweight channels encloses one

counterweight in said first set of counterweights.

12.  The elevator system of claim 11, further comprising a second set of counterweight
channels, each counterweight channel in said second set of counterweight channels encloses one

counterweight in said second set of counterweights.

13.  The elevator system of claim 12, further comprising a third set of counterweight
channels, each counterweight channel in said third set of counterweight channels encloses one

counterweight in said third set of counterweights,
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14.  The elevator system of claim 13, wherein said first, second and third counterweight
channels are positioned such that the first set of counterweights do not interfere with the second

or third set of counterweights during elevator operation.

15.  The elevator system of claim 1 further comprising:
a first lift cable coupled to a first location of said second cab and a first motor, said first

lift cable capable of moving said second cab in response to activation of said first motor.

16.  The elevator system of claim 15, wherein said first lift cable is also coupled to a second
location of said second cab, wherein during movement of the second cab, said first lift cable

moves and no portion of said first lift cable is stored.

17.  The elevator system of claim 15 further comprising:
a second lift cable coupled to a first location of said third cab and a second motor, said
second lift cable capable of moving said third cab in response to activation of said second motor,

wherein said second lift cables do not interfere with said first lift cables during operation.

18.  The elevator system of claim 17, wherein said second lift cable is also coupled to a
second location of said third cab, wherein during movement of the third cab, said second lift

cable moves and no portion of said second lift cable is stored.

19.  The elevator system of claim 17 further comprising:

a third lift cable coupled to a first location of said fourth cab and a third motor, said third
lift cable capable of moving said fourth cab in response to activation of said third motor, wherein
said third lift cables do not interfere with said first lift cables or said second lift cables during

operation.

20.  The elevator system of claim 19, wherein said third lift cable is also coupled to a second ‘
location of said fourth cab, wherein during movement of the fourth cab, said third lift cable

moves and no portion of said third lift cable is stored.
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Abstract of the Disclosure

An elevator system which utilizes four or more independently moving cabs in each
elevator shaft. The lower cabs are connected to four spatially separated counterweights at four
different counterweight connection points. The connection points are horizontally shifted on
different cabs in order to prevent interference between cables, pulleys and counterweights. The
top cab may be connected to one or two counterweights by connection points on the roof of the
cab. The cabs are mounted on two tracks, each track on one side of the elevator shaft. The
system includes a motor attached to each of the cabs by lift cables to facilitate the independent
movement of all cabs. Existing buildings can be retrofit for compatibility with the present

invention.
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SISTEMA CON MULTIPLES CABINAS EN UN POZO DE ASCENSOR

CAMPO DE LA INVENCION
"La invencién se refiere en general a un sistema de
ascensor de multiples cabinas que tiene cabinas que se mueven

independientemente una de la otra en un pozo de ascensor.

ANTECEDENTES

La reduccién del numero de ©pozos de ascensores
utilizados en un edificioc se ha intentado durante afios con el
fin de aumentar el espacio disponible para fines de
rentabilidad. Se espera que el numero de huecos del ascensor
en algunos edificios grandes pudiera reducirse en mas del
80%. Durante afos, se han utilizado cabinas de doble piso con
el fin de aumentar la capacidad de pasajeros de un hueco del
ascensor, sirviendo cada piso plantas pares o impares. Sin
embargo, las cabinas de doble piso pueden limitar la libertad
de recorrido facilitada a los pasajeros. Algunos sistemas han
utilizado méltiples pozos de un solo sentido con diversas
cabinas siendo transferidas de un pozo a otro con el fin de
crear un bucle de recorridos. Esto ha demostrado ser
demasiado costoso debido a la complejidad y al mayor consumo
energético.

Otra forma de lograr esto es teniendo multiples cabinas
en un solo pozo. El numero de cabinas en un pozo individual
se ha limitado a dos o tres cabinas debido a que el equipo
auxiliar utilizado para la operacién de una cabina interfiere
con la operacién de otra cabina. La colocacién de contrapesos
para que las diversas cabinas no interfieran entre si puede
ser un problema significativo ya que el numero de cabinas
aumenta. Utilizar un contrapeso céntral o dos contrapesos en
esquinas opuestas de una cabina puede dar como resultado en
menos del balance ideal de las cabinas. En algunos casos, el
espacio necesario para el recorrido de 1los contrapesos. se
puede reducir, pero esto puede requerir almacenamiento de

cables fuera del espacio ocupado existente del pozo del
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ascensor. Esto es wun inconveniente, ya que una ventaja
significativa de un sistema de ascensor de multiples cabinas
esta reduciendo el espacio ocupado utilizado.

Los sistemas de ascensor capaces de utilizar maltiples
cabinas también son generalmente incapaces de operar en el
pozo de ascensor existente, sin una modificacién sustancial.
Esto puede aumentar significativamente el coste de la

instalacién de un sistema de este tipo.

SUMARTO

La presente invencién es un sistema de ascensor que
permite que cuatro 0 mas cabinas operen de forma
independiente en un Unico pozo de ascensor. Los cables
utilizados para los diversos sistemas estdn generalmente
restringidos a &reas fuera de la trayectoria de las cabinas
para eliminar las interferencias. En una realizacién, 1la
cabina superior se conecta a dos contrapesos, mientras que el
resto de las cabinas se conectan a cuatro contrapesos cada
una. Los puntos de conexidén entre la cabina superior y sus
contrapesos estan en el centro de la superficie superior de
la cabina. Los puntos de conexién entre 1las cabinas
inferiores y los contrapesos estdn situados a cada lado
(pared) de las cabinas y se desplazan horizontalmente uno
respecto al otro con el fin de evitar la interferencia entre
los cables y proporcionar un acceso sin trabas a cada uno de
los canales y poleas de los contrapesos. Siempre que se evite
la interferencia que evita el movimiento de cualquiera de las
cabinas, diversos numeros de cabinas se puedeﬁ utilizar, vy
diversos numeros de contrapesos se pueden utilizar para las
cabinas superior e inferior. La presente invencién no
requiere ningin almacenamiento de los cables debido a que
cada contrapeso tiene su propio canal de contrapeso y recorre
la longitud del hueco del ascensor.

En una realizacidn, las cabinas utilizan dos pistas que
se encuentran en lados opuestos del pozo del ascensor para
las funciones de orientacién y ruptura. El1 uso de pistas

laterales centrales proporciona una distribucién de peso més
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uniforme que otras disposiciones, tal como una pista cerca de
cada una de las cuatro esquinas de la cabina. El uso de dos
pistas crea también menos friccién entre las pistas y las
cabinas, que se traduce en ahorro de energia. Cada cabina se
conecta a un cable de elevacién especifico en la parte
posterior o en un lado de la cabina. Cada cable de elevacidn
se puede conectar a, por ejemplo, una polea de motor vy polea
baja para permitir el movimiento controlado de cada cabina de
forma independiente.

Las caracteristicas y ventajas descritas en la memoria
descriptiva no son todo incluido y, en particular, muchas
caracteristicas y ventajas adicionales seran evidentes para
un experto en la materia a la vista de los dibujos, memoria
descriptiva y reivindicaciones. Por otra parte, cabe sefalar
que el lenguaje utilizado en la memoria descriptiva se ha
seleccionado principalmente para facilitar la lectura y con

fines educativos, y no ha sido seleccionado para definir o

delimitar el objeto de la invencidn.

BREVE DESCRIPCION DE LOS DIBUJOS
La Figura 1 es una ilustracién de la parte frontal que
proporciona una visién general de un sistema de ascensor de
acuerdo con una realizacién de la presente invencidn.
La Figura 2 es una ilustracién de las cabinas en el
hueco del ascensor desde otra perspectiva destacando las
conexiones de los contrapesos, los motores y elementos de

pista para las cabinas, de acuerdo con una realizacidén de la

- presente invencién.

Las Figuras 3A a 3D son ilustraciones de 1la vista
superior de las cabinas 1, 2, 3 y 4 que muestran cémo cada
cabina se conecta, entre otras cosas, a los contrapesos,
pistas verticales, y motores, de acuerdo con una realiiacién
de la presente invencidn.

La Figura 4 es una ilustracién de una vista frontal de
la cabina 2 que muestra cémo los contrapesos y las pistas
verticales se unen a la cabina de acuerdo con una realizacidn

de la presente invencidn.
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La Figura 5 es una ilustracién de la parte superior del
pozo de ascensor que muestra la colocacién de los contrapesos
en sus canales de acuerdo con una realizacién de la presente
invencién.

La Figura 6 es una ilustracién de la colocacién de la
pista y de cémo el sistema de motor se une a cada una de las
cabinas de acuerdo con wuna realizacidén de la presente
invencién.

La Figura 7 es una ilustracién de la operacién de un
pozo de ascensor que.tiene miltiples cabinas de acuerdo con

una realizacidén de la presente invencién.

DESCRIPCION DETALLADA DE LA INVENCION

Una realizacién preferida de la presente invencién se
describe a continuacién con referencia a las figuras, en las
que los numeros de referencia similares indican elementos
idénticos o funcionalmente similares. También en las figuras,
el digito mads a la izquierda de cada numero de referencia
corresponde a la figura en la que se utilizé por primera vez
el numero de referencia.

La referencia en la memoria descriptiva a una
realizacién” o "una sola realizacidén" significa que un
determinado elemento, estructﬁra 0 caracteristica descrita en
relacién con las realizaciones se incluye en al menos una
realizacién de la invencidén. Las apariciones de la frase "en
una realizacién" en diversos lugares de la memoria
descriptiva no se estan refiriendo todas necesariamente a la
misma realizacién.

Ademas, el lenguaje utilizado en la memoria descriptiva
se ha seleccionado principalmente para facilitar la lectura y
con fines educativos, y no pueden haber sido seleccionado
para definir o delimitar el objeto de 1la invencién. En
consecuencia, la divulgacién de la presente invencién estéa
destinada a ser ilustrativa, pero no limitante, del alcance
de la invencidn, que se expone en las reivindicaciones.

Una vista desde la parte frontal de una realizacién

preferida del sistema de ascensor de maltiples cabinas se
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ilustra en la Figura 1. Un hueco del ascensor 100 se muestra
teniendo cuatro cabinas 110. Se debe reconocer que la
disposicién de los sistemas de contrapesos y de motor permite
la operacién de mads de cuatro cabinas en otras realizaciones.
Seis o mas cabinas se pueden operar en un solo hueco/pozo.
Esto se hace posible por el desplazamiento de los contrapesos
y motores, como se describe a continuacién. Las cabinas 110
en el hueco del ascensor 100 se alinean verticalmente. De
arriba a abajo, las cabinas se refieren como cabina 1 (1103),
cabina 2 (110B), cabina 3 (110C) y cabina 4 (110D). Cada una
de las cabinas 110 es capaz de moverse a lo largo del hueco
del ascensor 100 independientemente una de otra, sin pasar a
otra cabina, debido a que cada cabina tiene un motor asociado
130 y los cables, poleas 140 separados horizontalmente y los
contrapesos 120.

El movimiento de 1las cabinas 110 es impulsado por
motores 130 situados en la parte superior del hueco del
ascensor 100, en la realizacidn preferida.-En realizaciones
alternativas, los motores 130 se pueden colocar en diferentes
lugares, tales como la parte inferior del hueco del ascensor
o cada motor se puede colocar en diferentes lugares. Cada
cabina se conecta a un motor 130 por un cable de elevacidn
136. Cada cable de elevacién 136 se une a una cabina 110 en
dos puntos de conexién del motor 150 verticalmente alineados
en la cabina, por ejemplo, en la cara posterior de la cabina.
Cada cabina puede tener también un solo punto de conexidén del
motor 150 en lugar de los dos ilustrados. En este caso, cada
extremo de un cable de elevacidén se debe fijar al mismo punto
de conexién del motor. Los puntos de conexién del motor 150
de <cada cabina se desplazan horizontalmente para evitar
interferencias (interaccidén) con otros cables 136 de otra
cabina 110. Por ejemplo, en la Figura 1, 1los puntos de
conexién del motor 150 se desplazan de derecha a izquierda a
medida que las cabinas 110 bajan en el hueco del ascensor
100. Esto permite que una pluralidad de cabinas, mas alla de
las cuatro de esta realizacidn, se controle cada una por un

motor dedicado sin ninguna obstruccién causada por los cables
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de elevacidén 136. Un extremo de cada uno de los cables de
elevacién 136 se conecta con el punto de conexién superior
del motor 150 en una cabina. Los cables de elevacién 136 se
dirigen después a través de los motbres 130 cerca del techo
del pozo de ascensor. Los cables de elevacién 136 se dirigen
después a través de poleas de piso 170 que se unen a la parte
inferior del hueco del ascensor. Por ultimo, el otro extremo
de cada uno de los cables de elevacién 136 se une a la parte
inferior de los dos puntos de conexién del motor 150.

En una realizacidén, los contrapesos 120 se situan a los
lados y la parte posterior de las cabinas 110 y se desplazan
a lo largo de la longitud del hueco del ascensor 100. Cada
uno de los contrapesos 120 se conecta a una cabina por un
cable de contrapeso que discurre a través de una de las
poleas de contrapeso 140 situadas en la parte superior del
hueco del ascensor 100. Las poleas de contrapeso 140 a lo
largo de 1los lados del hueco del ascensor se alinean
coaxialmente, en una realizacidén. Poleas de diferentes
tamafios representan diferentes separaciones entre las cabinas
110 y los contrapesos 120. Como alternativa, miltiples poleas
se pueden utilizar para variar la separacién entre las
cabinas 110 y los contrapesos 120. Los contrapesos 120 se
mantienen todos en canales de contrapeso individuales con el
fin de controlar el movimiento de los contrapesos 120 y para
evitar la interaccién/interferencia entre 1los contrapesos
120. Por ejemplo, los contrapesos 120 y las poleas 140 se
pueden desplazar horizontalmente con el fin de proporcionar
un acceso sin trabas a cada uno de estos sistemas y de evitar
la interferencia con otros equipos.

La cabina inferior, cabina 4 (110D), tiene un muelle 180
u otro dispositivo de amortiguacién 'de colisidén en la parte
inferior de la cabina como una precaucién de seguridad. En el
caso de una colisién entre la parte inferior del hueco del
ascensor 100 y la cabina 4 110D, el muelle mitiga los dafios
causados por el impacto. Con la posible excepcidén de la
cabina superior, cabina 1 100A, todas las cabinas 110 tienen

una defensa 160 u otro dispositivo -de seguridad de
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amortiguacidén de colisién en la cabina superior. Las defensas
160 se utilizan de manera similar como medida de precaucidn
para reducir el impacto de una colisidén entre dos de las
cabinas 110.

La Figura 2 es otra perspectiva del sistema de ascensor
de acuerdo con una realizacién de la presente invencidn. Las
cabinas 110 se mueven a lo largo de dos pistas 230 a cada
lado del hueco del ascensor que discurren la longitud del
hueco del ascensor 100. Las cabinas 100 se unen a las pistas
230 utilizando guias 220. Si bien se ilustran como ruedas,
las guias 220 pueden ser también guias de puntas dobles que
pueden servir como frenos. Una mezcla de diferentes tipos de
guias se puede utilizar también, algunas proporcionando
orientacién y otras proporcionando frenos y orientacidén. Cada
una de las cabinas 110 representadas tiene cuatro guias 220,
dos en lados opuestos de la cabina. En una realizacidn
preferida, cada una de las cabinas tiene dos guias 220, una
en lados opuestos de la cabina. Se pueden utilizar diversos
numeros de guias. Tener dos pistas, en lugar de una en cada
esquina como en algunos sistemas convencionales, proporciona
una mejor distribucidn del peso, por ejemplo, una
distribucién de peso mas equilibrada, y menores costes de
mantenimiento en ciertas situaciones. El1 uso de dos pistas
provoca también menos friccidén entre las guias y las pistas,
lo que da como resultado una operacién mas eficaz del sistema
de ascensor. En una realizacidén, dos de las guias se situan
sustancialmente a lo largo de un eje o plano central de una
primera pared de la cabina 110A y dos guias se situan
sustancialmente a lo largo de un eje o plano central de una
segunda pared de la <cabina 110A, en el que en una
realizacién, la primera y segunda paredes de la cabina 110
son sustancialmente paralelas. La cabina superior, cabina 1
(110A), se conecta a dos contrapesos 120 en 1la parte
posterior del hueco del ascensor 100. En una realizacion,
solamente un contrapeso 120 se conecta a la cabina 1 (110A).
Estos contrapesos se unen avla cabina 1 (110ZA) en el punto de

conexién del contrapeso 240A, que se encuentra en el centro
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del techo de la cabina 1 (110A). En realizaciones
alternativas, la cabina 1 (110A) se conecta a un numero
diferente de contrapesos, por ejemplo, uno, cuatro, etc. En
realizaciones alternativas, la cabina 1 (110A) tiene
miultiples puntos de conexidén, por ejemplo, similar a 1los
descritos a continuacién.

En una realizacidn, las cabinas restantes, por ejemplo,
la cabina 2 (110B), la cabina 3 (110C) y la cabina 4 (110D),
se conectan a cuatro contrapesos cada una, con dos situados a
cada lado de la cabina. Se muestra que los puntos de conexién
de contrapeso 240 en las cabinas 110 se desplazan
horizontalmente con el fin de evitar la interferencia de unos
con otros. Por ejemplo, los puntos de conexidén 240C de 1la
cabina 3 se desplazan hacia la parte frontal y posterior del
hueco del ascensor 100 en relacién con los puntos de conexién
240B de la cabina 2.

Las Figuras 3A, 3B, 3C, y 3D ilustran una vista superior
de cada wuna de las cabinas en una realizacién de la
invencidén. Como se ilustra en la Figura 3A y como se ha
descrito anteriormente, la ubicacién de los contrapesos 120A
de la cabina 1 es diferente que la de la de las otras tres
cabinas. El punto de conexidén del contrapeso 240A de la
cabina 1 (110A) se situa en la parte intermedia de la parte
superior de la cabina en lugar de en los lados. El punto de
conexidén del contrapeso no se implementa de esta manera en
las otras cabinas, ya que hay una cabina encima de la que
podria interferir con el cable de conexidén del contrapeso. El
punto de conexidén del contrapeso 240A se une a los
contrapesos 120A en la parte posterior del hueco del
ascensor. Como se ilustra, los contrapesos 120 se pueden unir
a las paredes divisorias 360. Las paredes divisorias 360
permiten que los contrapesos y otros equipos se unan a ambos
lados de la pared divisoria 360. Esto aumenta la cantidad de
contrapesos y cabinas que pueden caber en un solo hueco del
ascensor. La pared divisoria posterior se puede extender para
abarcar la anchura de 1la parte posterior del hueco del

ascensor. Los contrapesos se pueden unir también a la pared
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exterior del hueco del ascensor en lugar de a una pared
divisoria, si no se incluyen paredes divisorias. Sin embargo,
las paredes divisorias permiten una gran flexibilidad en la
seleccién y colocacidén de contrapesos. Mediante el uso de una
pared divisoria, se puede incluir un gran numero de
contrapesos, lo que permite que muchas cabinas se ajusten en
un solo hueco del ascensor. En algunos casos, estos
contrapesos pueden ser largos y estrechos con el fin de
reducir el espacio horizontal ocupado. Pozos podrian
incluirse en la parte inferior del hueco del ascensor para
proporcionar a los largos contrapesos, y por tanto a las
cabinas, un intervalo total de movimiento. Los contrapesos
utilizados por las cabinas no tienen que ser del mismo tamafio
o forma, siempre y cuando los contrapesos se mantengan
uniformemente en equilibrio para cada una de las cabinas.
Ademas, un gran numero de contrapesos, por ejemplo, 16, se
puede utilizar para una sola cabina, siempre y cuando los
contrapesos para cada cabina se mantengan en equilibrio.

Las Figuras 3B, 3C y 3D ilustran una vista superior de
las cabinas 2, 3 y 4, respectivamente, de acuerdo con una
realizacién de la presente invencidén. Todas estas cabinas
cuentan con lugares de contrapeso similares. Cuatro
contrapesos 120 se colocan horizontalmente cerca de los lados
de la cabina, uno en cada cuadrante de la cabina. Esta
disposicidén, con cuatro puntos de conexidén a los contrapesos,
proporciona un equilibrio superior <con respecto a las
disposiciones convencionales tal como dos contrapesos en
esquinas opuestas. En una realizacidén, con el fin de mejorar
el equilibrio, los dos contrapesos 120 a cada lado de la
cabina se colocan equidistantes entre las guias 220. Como se
ha descrito anteriormente, la distancia entre los contrapesos
y las guias se puede alterar para que cada cabina evite la
interferencia entre los contrapesos, los cables y las poleas.
Por ejemplo, los puntos de conexién del contrapeso 240B para
la cabina 2 se pueden situar de manera que un eje o plano
formado entre los puntos de conexidn opuestos pase a través o

cerca del centro bidimensional de la cabina 110B. Es decir,
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un eje o plano imaginario entre el punto de conexién del
contrapeso 240B en la parte superior izquierda de la Figura
3B y el punto de conexién del contrapeso 240B en la parte
inferior derecha de la Figura 3B pasa en o cerca del centro
bidimensional de 1la cabina 110B (por ejemplo, cerca del
centro de la defensa 160B en la perspectiva bidimensional de
la Figura 3B). Del mismo modo, un eje imaginario entre el
punto de conexidén del contrapeso 240B en la parte superior
derecha de la Figura 3B y el punto de conexién del contrapeso
240B en la parte inferior izquierda de la figura 3B pasa en o
cerca del centro de la cabina 110B. Esto ayuda al equilibrio
de las cabinas y a reducir el par en las guias 220.

Del mismo modo, los puntos de conexién del motor 150 en
la parte posterior de cada una de las cabinas se desplazan en
cada cabina en el hueco del ascensor para evitar 1la
interferencia entre los sistemas de motor y los cables de
cada cabina.

En una realizacidén, como se ilustra en la Figura 3B, los
contrapesos 120B de la cabina 2 110B se encuentran mas cerca
de las pistas 230 a cada lado del pozo de ascensor. Cuatro
puntos de conexidn del contrapeso 240B se alinean con los
contrapesos y se conectan a los contrapesos mediante un
cable. Un punto de conexién del motor 150B se conecta a un
motor 130B hacia la parte posterior del pozo de ascensor para
permitir el movimiento de la cabina. El punto de conexidén del
motor 150B se desplaza horizontalmente desde los puntos de
conexién del motor de 1las otras cabinas para evitar la
interferencia con otros cables. Dos guias 220B estan en linea
con las pistas 230 y dirigen la cabina a medida que se mueve
a lo largo de la longitud del pozo de ascensor.

De acuerdo con una realizacién y como se ilustra en la
Figura 3C, 1los contrapesos 120C de 1la cabina 3 110C se
encuentran adyacente a los contrapesos 120B de la cabina 2
hacia el exterior del hueco del ascensor. Cuatro puntos de
conexién del contrapeso 240C se alinean con los contrapesos y
se conectan a los contrapesos mediante un cable. Como se ha

descrito anteriormente, la distancia entre los contrapesos vy
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las guias se puede alterar para cada cabina, para evitar la
interferencia entre los contrapesos, los cables y las poleas.
Por ejemplo, los puntos de conexidén del contrapeso.240C para
la cabina 3 se pueden situar de manera que un eje o plano
formado entre los puntos de conexidén opuestos pase a través o
cerca del centro bidimensional de la cabina 110C. Es decir,
de un eje o plano imaginario entre el punto de conexidén del
contrapeso 240C en la parte superior iunierda de la Figura
3C y el punto de conexidén del contrapeso 240C en 1la parte
inferior derecha de la Figura 3C pasa en o cerca del centro
bidimensional de 1la cabina 100C (por ejemplo, cerca del
centro de la defensa 160C en la perspectiva bidimensional de
la Figura 3C). Del mismo modo un eje imaginario entre el
punto de conexién del contrapeso 240C en la parte superior
derecha de la Figura 3C y el punto de conexidén del contrapeso
240C en la parte inferior izquierda de la Figura 3C pasa en o
cerca del centro de la cabina 110C. Como se ha descrito
anteriormente, esto ayuda al equilibrio de las cabinas y a
reducir el par en las guias 220.

Un punto de conexidén del motor 150C se conecta a un
motor 130C hacia la parte posterior del pozo de ascensor para
permitir el movimiento de la cabina. El punto de conexidn del
motor 150C se desplaza horizontalmente de los puntos de
conexién del motor de otras cabinas para evitar
interferencias con otros motores y cables. Dos guias 220C
estadn en linea con las pistas 230 y dirigen la cabina a
medida que se mueve a lo largo de la longitud del pozo de
ascensor.

Como se ilustra en la Figura 3D, los contrapesos 120D de
la cabina 4 110D se encuentran adyacentes a los contrapesos
120C de la cabina 3 hacia el exterior del hueco del ascensor.
Cuatro puntos de conexidén del contrapeso 240D se alinean con
los contrapesos y se conectan a los contrapesos mediante un
cable. Como se ha descrito anteriormente, la distancia entre
los contrapesos y las guias se puede alterar para cada
cabina, para evitar la interferencia entre los contrapesos,

los cables y las poleas. Por ejemplo, los puntos de conexidn
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del contrapeso 240D para la cabina 4 se sittian de manera que
un eje o plano formado entre los puntos de conexidén opuestos
pase a través o cerca del centro bidimensional de la cabina -
110D. Es decir, un eje o plano imaginario entre el punto de
conexidén del contrapeso 240D en la parte superior izquierda
de la Figura 3D y el punto de conexidén del contrapeso 240D en
la parte inferior derecha de la Figura 3D pasa en o cerca del
centro bidimensional de la cabina 110D (por ejemplo, cerca
del centro de la defensa 160D en la perspectiva bidimensional
de la Figura 3D). Del mismo modo, un eje imaginario entre el
punto de conexidén del contrapeso 240D en la parte superior
derecha de la Figura 3D y el punto de conexién del contrapeso
240D en la parte inferior izquierda de la Figura 3D pasa en o
cerca del centro de la cabina 110D. Como se ha descrito
anteriormente, esto ayuda al equilibrio de las cabinas y a -
reducir el par en las guias 220.

Un punto de conexidn del motor 150D se conecta a un
motor 130D cerca de la parte posterior del pozo de ascensor
para permitir el movimiento de la cabina. El1 punto de
conexidén del motor 150D se desplaza horizontalmente de los
puntos de conexidén del motor de otras cabinas con el fin de
evitar interferencias con otros motores y cables. Ademés,
cabe sefialar que, en otra realizacién, cualquiera de las
cabinas se puede conectar a maltiples motores en multiples
puntos de conexién del motor. Dos guias 220D estén en linea
con las pistas 230 y dirigen la cabina a medida que se mueve
a lo largo de la longitud del pozo de ascensor.

Las defensas 160 en las cabinas, 2, 3 y 4 se ilustran
también en las Figuras 3B, 3C y 3D respectivamente. Como se
ha descrito anteriormente, estas defensas mitigan el impacto
en una colisidén entre dos cabinas. Sensores eléctricos 310 y
aterrizajes por cadena 320 se representan también en la parte
superior de todas las cabinas de 110. Los sensores eléctricos
proporcionan informacién sobre la ubicacidén de la cabina vy
también pueden proporcionar informacién sobre el estado de la
cabina, por ejemplo, movimiento, direccidn, estado de

potencia, etc. Los aterrizajes por cadena 320 se pueden
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utilizar, por ejemplo, como un dispositivo de seguridad
adicional. Aunque no se ilustran, en una realizacidén, cables
de datos y de potencia eléctrica horizontalmente desplazados
se originan en el punto medio vertical de cada hueco del
ascensor con el fin de reducir al minimo la distancia a las
cabinas en un momento dado, y para evitar la interferencia o
el almacenamiento de dichos cables. Los cables de datos
pueden también proporcionar informacién en una ubicacidn
central y recibir informacién desde una ubicacidén central
para ayudar en el control de la cabina, control ambiental,
etc.

La Figura 4 ilustra wuna perspectiva desde la parte
frontal de la cabina 2 (110B). Las pistas 230 se muestran a
cada lado de 1la cabina. Los dos contrapesos frontales 120B
estan también a ambos lados de la cabina. Dos contrapesos
adicionales conectados a la cabina 2 110B estan detras de las
pistas 230B, pero no se ilustran en la Figura 4. Cada uno de

los contrapesos 120 en el sistema es guiado por un canal que

discurre a lo largo del hueco del ascensor. Como se muestra,

los dos contrapesos 120B en la Figura 4 estédn contenidos en

los canales 410B. Los contrapesos 120B se conectan a la

cabina 110B mediante los cables de contrapeso 420B de la-

cabina 2. Los cables de contrapeso 420B se unen en los puntos
de conexién de contrapeso 240B como se ha descrito
anteriormente. Se muestra que el cable de elevacidén 136B debe
unirse a la cabina 110B en dos puntos de conexidén del motor
150B alineados verticalmente. En algunas realizaciones, el
equipo de control 460 se sitlla en la porcidén inferior de la
cabina. El1 equipo de control 460 se puede situar también en
las porciones superior o lateral de la cabina. Entre otras
cosas, el equipo de control controla el frenado, abertura vy
cierre de puertas, la nivelacién de una cabina con las
plantas del edificio, y el movimiento de la cabina, lo que
garantiza que los pasajeros 1lleguen a su destino sin
incidentes. Cadenas de deteccién 440 se unen a la parte
inferior de la cabina con el fin de ayudar a detectar 1la

ubicacién de otras cabinas en el sistema. Del mismo modo,
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sensores eléctricos y o6pticos 310B hacen un seguimiento de
las obstrucciones que puedan localizarse por encima de la
cabina 110B y pueden ayudar a identificar la ubicacién de la
cabina 110B en el pozo de ascensor. Una defensa 160B
anteriormente mencionada se sitla en la cabina superior de la
cabina por si ocurre una colisién entre la cabina 2 110B vy
otra cabina desde arriba.

La Figura 5 ilustra la disposicién de los contrapesos vy
de los canales de contrapeso, asi como las poleas de acuerdo
con una realizacién de la invencién. Los canales de
contrapeso 410 y 1los contrapesos 120A de la cabina 1 se
colocan a lo largo de la parte posterior del hueco del
ascensor, en contraste con la colocacién de los contrapesos
de las otras cabinas, en esta realizacién. Los contrapesos
120A de la cabina 1 se unen a la cabina 1 mediante los cables
de contrapeso 420A. Cada uno de los cables de contrapeso
discurre a través de una polea por encima del canal de
cohtrapeso y a través de una polea por encima del centro de
la cabina 1 110A. Los canales de contrapeso de la cabina 1 se
desplazan horizontalmente del conjunto de motor para evitar
interferencias y permitir el acceso sin trabas a cada uno, es
decir, el conjunto de motor 130 estd entre las cabinas 110 vy
los contrapesos 120A de la cabina 1. En la presente
realizacidén, el motor 130A se conecta a la cabina 1 110A.
Esto conserva también el espacio y permite que se monten
motores adicionales en cabinas adicionales. La colocacién de
los contrapesos de la cabina 1 en la parte posterior del
hueco del ascensor solamente obedece a preferencias. Otras
realizaciones que no restringen los contrapesos a los lugares
descritos también son posibles. En realizaciones
alternativas, 1la posicién de los contrapesos 120A y de los
canales de contrapeso 410A en la cabina 1 (110A) puede
variar, por ejemplo, pueden ser similares a la orientacién
que se establece a continuacidn con referencia a las cabinas
2-4. Esto podria ser util para permitir puertas tanto en la
parte frontal como posterior de las cabinas.

En una realizacidén, como se muestra en la Figura 5, los
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canales de contrapeso 410B de la cabina 2 110B se sitdan
cerca de las pistas 230 a cada lado del pozo de ascensor. En
la realizacién alternativa, los canales de contrapeso se
pueden situar en otro lugar dentro de los <canales,
contrapesos y cables relacionados asociados con las cabinas
para no interferir entre si. Las poleas 140B se situdan por
encima de los canales de contrapeso 410B y dirigen los cables
de contrapeso 420B desde los contrapesos 120B hasta puntos de
conexién de contrapeso 240B. El1 motor 130B, desplazado
horizontalmente desde los otros motores, se conecta a la
parte posterior de 1la cabina 2 110B para permitir el
movimiento de la cabina.

Los canales de contrapeso 410C de la cabina 3 110C se
situan junto a los canales de contrapeso 410B de la cabina 2
110B. Las Poleas 140C se situan por encima de los canales de
contrapeso 410C y dirigen los cables de contrapeso 420C desde
los contrapesos 120C hasta los puntos de conexién del
contrapeso 240C. El motor 130C, horizontalmente desplazado de
los otros motores, se conecta a la parte posterior de la
cabina 3 110C para permitir el movimiento de la cabina.

Los canales de contrapeso 410D de la cabina 4 110D se
sittian junto a los canales de contrapeso 410C para la cabina
2 110C y mas cerca de la parte frontal y posterior del pozo
de ascensor. Las poleas 140D se sitlan por encima de los
canales de contrapeso 410D y dirigen a los cables de
contrapeso 420D desde los contrapesos 120D hasta los puntos
de conexién del contrapeso 240D. El1 motor 130D, desplazado
horizontalmente desde los otros motores, se conecta a la
parte posterior de la cabina 4 110D para permitir el
movimiento de la cabina.

Los canales de contrapeso y los contrapesos para las
cabinas 2, 3 y 4 se pueden apilar espalda con espalda a los
lados del hueco del ascensor. Si se prefiere, los contrapesos
y sus canales pueden confinarse también en el interior del
hueco del ascensor. Aunque no se muestra en. la Figura 5, los
canales de contrapeso adyacentes colocados espalda con

espalda se pueden superponer siempre que los contrapesos se
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compensen de modo que los sistemas de polea no interfieran
entre si. Esto puede aumentar el numero de cabinas que el
sistema es capaz de operar cuando el espacio del contrapeso
es una limitacién. Las poleas de contrapeso a lo largo de
cada lado del hueco del ascensor pueden ser coaxiales y estar
horizontalmente desplazadas de la misma manera que los
contrapesos con el fin de permitir la adicién de mé&s cabinas.
En una realizacidén alternativa, los contrapesos y los canales
de contrapeso 410 se sitUan fuera del hueco/pozo.

La Figura 6 ilustra una vista lateral del sistema de
motor usado para cada cabina de acuerdo con una realizacién.
En una realizacidén, el motor ilustrado aqui para la cabina 2
110B es similar para todas las cabinas 110 aunque el
posicionamiento particular de los cables variara. Una pista
vertical 230 discurre a lo largo de cada lado del hueco del
ascensor y cada pista 230 se conecta a una cabina en una o
dos guias 220B. Las dos guias 220B se unen a la pista 230 y
se alinean verticalmente a lo largo del lado de la cabina
110B. Dos puntos de conexién del motor 150B se situan en la
parte posterior de la cabina y se alinean verticalmente. Un
extremo de un cable de elevacidén 136B se une al punto de
conexidén superior del motor 150B. El cable de elevacién 136B
se dirige después a través del motor 150B, que se sittia cerca
de la parte superior del hueco del ascensor 100. El cable de
elevacién 136B discurre después a lo largo del hueco del
ascensor y se dirige a través de la polea baja 170B. Entre
los puntos de conexién del motor 150B, el cable de elevacién
136B es circular y continuo. Por ultimo, el otro extremo del
cable de elevacién 136B se une al punto de conexidén inferior
del motor 150B. Al igual que el sistema de contrapesos, este
sistema de motor elimina la necesidad de cualquier
almacenamiento de cables.

Si bien es factible, en algunas realizaciones, que un
hueco del ascensor se utilice, por ejemplo, en un pozo de
mina profundo o en una torre alta, dos o mas huecos del
ascensor se utilizan en la realizacién preferida para

aumentar la comodidad de los pasajeros. Con multiples huecos
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del ascensor, 1los huecos del ascensor pueden alternar vy
coordinar la direccién en que se desplazan sus cabinas
creando el efecto de un patrén de trafico circular. Una
adecuada coordinacién de las direcciones en quevse desplazan
las cabinas puede minimizar el retraso que experimentan los
pasajeros. El sistema de control garantizard que suficientes
cabinas para el servicio se desplazardn en cada direccidén. Se
espera que dos huecos del ascensor con diversas cabinas sean
suficientes para muchos edificios con 20 o mas plantas. En
una realizacién, se estima que un hueco del ascensor
adicional se afiada por cada 20 plantas adicionales.

La Figura 7 ilustra la operacién general de un hueco del
ascensor con cuatro cabinas 110A-D. Un hueco del ascensor se
muestra en 7 puntos diferentes en el tiempo, 9:05 a 9:11, con
el fin de demostrar la operacién del sistema. A las 9:05, la
Cabina 1 (110A) se situa en la planta 1 y el resto de las
cabinas se situan en las ranuras del sétano 710. Las ranuras
del sétano 710 pueden estar en las plantas utilizadas para
aparcar los coches. A las 09:06, la cabina 1 (110A) se mueve
hacia arriba para el transporte de pasajeros y el resto de
las cabinas suben 1 nivel para prepararse para el transporte
de pasajeros. A las 9:07, la cabina 2 (110B) comienza el
transporte de pasajeros y la cabina 3 (110C) se mueve a la
planta 1 en preparacién. A las 09:08, las cabinas 2 y 3
siguen transportando pasajeros y la cabina 4 se ha movido a
la planta 1 en preparacién para el transporte de pasajeros.
La cabina 1 (110A) se ha movido a las ranuras del &tico o de
equipos mecanicos 720 con el fin de permitir que las otras
cabinas presten servicio a cualquiera de las plantas en el
hueco del ascensor. Las personas que se trasladan desde los
coches aparcados en las plantas de sétanos utilizan las
cabinas 2, 3 y 4 para llegar a las plantas deseadas.

Las ranuras del hueco del ascensor de éatico 720 y del
sétano 710 se pueden incluir para permitir que cada cabina
preste servicio a todas las plantas del edificio, en este
caso, las plantas 1-10. Por ejemplo, si las ranuras del hueco

del ascensor del 4&tico Al-A3 no estuviesen presentes,
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solamente la cabina 1 (110A) seria capaz de prestar servicio
a la planta 10. La cabina 1 (110A) no seria capaz de moverse
fuera del camino y de permitir que las otras cabinas lleguen
a la planta 10. El hueco del ascensor puede seguir operandb
si las ranuras del &tico y del sétano no se incluyesen, pero
ciertas cabinas no serian capaces de prestar servicio a
ciertas plantas.

A las 09:09, la cabina 1 (110A) se ha movido a la planta
A3 con el fin de dejar espacio para la cabina 2 (110B) y para
la cabina 3 (110C) en las ranuras del &tico. Las cabinas
siguen desplazandose hacia arriba, mientras transportan
pasajeros y, eventualmente, se mueven a la planta mas alta
posible. En este punto, un proceso similar se inicia en la
direccién opuesta. En algunas situaciones, las cabinas pueden
invertir su direccién de desplazamiento antes que todas las
cabinas hayan alcanzado su punto mas alto o mas bajo.

Una ventaja de la presente invencién es que, ademas de
futuras construcciones, muchos edificios existentes pueden
acondicionarse efectiva y econdémicamente para su
compatibilidad con la presente invencién. En una realizacién,
los componentes pueden estar contenidos dentro del hueco del
ascensor existente y en las Aareas de contrapesos. Ademas, el
sistema puede no necesitar almacenar los cables debido a la
disposicién de las poleas, contrapesos y motores. Ademas,
algunos o la mayoria de los cables, poleas, motores y otros
equipos pueden ubicarse fuera del hueco del ascensor comun,
incluso por encima o por debajo del hueco del ascensor. En
una realizacidén, mediante la utilizacién de multiples cabinas
en un solo pozo, un edificio puede lograr una capacidad de
ascensor adicional, mientras elimina uno o mds pozos vy
convierte dichos pozos en espacios de produccién de ingresos
en cada planta. El espacio wutilizado para vestibulos de
ascensores en todo el edificio puede reducirse también al
eliminar uno o mds pozos.

Se pueden hacer modificaciones al sistema con el fin de
permitir que se utilicen puertas opuestas en cada una de las

cabinas 110. Por ejemplo, aunque no se ilustra, todos los
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contrapesos, motores y equipos relacionados que pudieran
impedir el acceso a una puerta posterior se pueden mover a
los bordes de la parte posterior del hueco del ascensor o
cabina o a los lados del hueco del ascensor o cabina a 1lo
largo del lado de los contrapesos inferiores de la cabina.
Del mismo modo, los contrapesos, motores y equipos
relacionados se pueden colocar en la parte delantera de la
cabina, siempre y cuando estén hacia los lados y no afecten
el wuso de la puerta. Si bien es 0til para futuras

construcciones, la presente invencién también es compatible

- con edificios y sistemas de ascensor existentes.

Cada una de las cabinas se mueve de forma independiente
debido a que cada cabina wutiliza contrapesos y motores
separados. Con el fin de permitir que cada cabina preste
servicio a cada planta de un edificio, los niveles de
almacenamiento de cabina se pueden incluir por encima y/o
debajo de las plantas que estdn servidas. Por ejemplo, con el
fin de que la cabina 1 (110A) preste servicio a la planta
servida mas baja, debe haber suficiente espacio debajo de la
planta servida m&s baja para que se almacenen las cabinas 2 a
4. Las ranuras del hueco del ascensor del &tico y del sétano
se podrian utilizar también para almacenar las cabinas vy
suspender la operacién de ciertas cabinas. Esto puede ayudar
a reducir los costos de operacidén durante los periodos de
baja utilizacidén, tales como durante la noche, fines de
semana y vacaciones en un edificio de oficinas. El sistema
puede también seleccionar una cabina para prestér servicio
solamente a un determinado subconjunto de plantas, lo que
puede ayudar con las secciones de trafico elevado de algunos
edificios de gran tamafio, o con un cierto numero de plantas
dedicadas a una sola empresa.

Lo anterior describe diversas realizaciones en relacidn
con un edificio. Se prevé que realizaciones alternativas de
la invencidén se puedan utilizar con una mina (bajo suelo),
una torre, o integrarse con sistemas de movimiento
horizontales.

Aunque las realizaciones y aplicaciones particulares de

1Lz
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la presente invencidén se han ilustrado y descrito en el
presente documento, se debe entender que la invencién no se
limita a la construccién y componentes precisos divulgados en
el presente documento y que diversas modificaciones, cambios
y variaciones se pueden hacer en la disposicién, operacién y
detalles de los métodos y aparatos de la presente invencién
sin alejarse del espiritu y alcance de la invencién tal como
se define en las reivindicaciones adjuntas.

Se hace constar que con relacién a esta fecha, el mejor
método conocido por la solicitante para llevar a la préactica
la citada invencién, es el que resulta claro de la presente

descripcidén de la invenciédn.




10

15

20

25

30

35

WO 2012/099645 - 21 - PCT/US2011/063210

Lo que se reivindica es:

Habiéndose descrito la invencidén como antecede, se
reclama como propiedad lo contenido en las siguientes
reivindicaciones:

1. Un sistema de ascensor que comprende:

un primer pozo de ascensor;

al menos cuatro cabinas de ascensor situadas dentro de
dicho primer pozo de ascensor, incluyendo dichas cuatro
cabinas de ascensor una primera cabina de ascensor situada
por encima de una segunda cabina de ascensor, dicha segunda
cabina de ascensor situada por encima de una tercera cabina
de ascensor y dicha tercera cabina de ascensor situada por
encima de dicha cuarta cabina de ascensor, teniendo cada una
de dichas cuatro cabinas una primera y segunda paredes que
son sustancialmente paralelas;

un primer conjunto de cuatro cables acoplado a dicha
segunda cabina de ascensor, dos cables de dicho primer
conjunto de cuatro cables situados en dicha primera pared de
dicha segunda cabina de ascensor y los dos cables restantes
de dicho primer conjunto de cuatro cables situados en dicha
segunda pared de dicha segunda cabina de .ascensor, en el que
cada uno de dichos cuatro cables estd conectado a un
contrapeso en un primer conjunto de contrapesos;

un segundo conjunto de cuatro cables acoplado a dicha
tercera cabina de ascensor, dos cables de dicho segundo
conjunto de cuatro cables situados sobre dicha primera pared
de dicha tercera cabina de ascensor y los dos cables
restantes de dicho segundo conjunto de cuatro cables situados
en dicha segunda pared de dicha tercera cabina de ascensor,
en el que cada uno de dichos cuatro cables estd conectado a
un contrapeso en un segundo conjunto de contrapesos, cada uno
de dicho segundo conjunto de cuatro cables situado de tal
manera que los cables no interfieran con dicho primer
conjunto de cuatro cables conectado a dicha segunda cabina de

ascensor; y
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un tercer conjunto de cuatro cables acoplados a dicha
cuarta cabina de ascensor, dos cables de dicho tercer
conjunto de cuatro cables situados sobre dicha primera pared
de dicha cuarta cabina de ascensor y los dos cables restantes
de dicho tercer conjunto de cuatro cables situados en dicha
segunda pared de dicha cuarta cabina de ascensor, en el que
cada wuno de dichos cuatro cables estd conectado a un
contrapeso en un tercer conjunto de contrapesos, cada uno de
dicho tercer conjunto de cuatro cables situado de tal manera
que los cables no interfieran con ninguno de dicho primer
conjunto de cuatro cables conectado a dicha segunda cabina de
ascensor ni con dicho segundo conjunto de cuatro cables
conectado a dicha tercera cabina de ascensor.

2. El sistema de ascensor de la reivindicacién 1, en
el que dichas cabinas de ascensores comprenden ademas:

una primera guia, situada en dicha primera pared, para
acoplar wuna primera trayectoria vertical en el pozo de
ascensor; y

una segunda guila, situada en dicha segunda pared, para
acoplar una segunda trayectoria vertical en el pozo de
ascensor.

3. El sistema de ascensor de la reivindicacién 2, en
el que dicha primera guia estd situada sustancialmente a 1lo
largo de un eje central de dicha primera pared y dicha
segunda guia estd situada sustancialmente a lo largo de un
eje central de dicha segunda pared.

4, El sistema de ascensor de la reivindicacién 1, en
el que un primer eje es formado entre un cable de dichos dos
cables de dicho primer conjunto de cuatro cables situado en
dicha primera pared y un cable de dichos dos cables de dicho
primer conjunto de cuatro cables situado en dicha segunda
pared, y en el que dicho primer eje pasa sustancialmente a
través del centro bidimensional de 1la segunda cabina de
ascensor.

5. El sistema de ascensor de la reivindicacidén 1, que
comprende ademas:

un primer conjunto de <cuatro poleas, cada polea

°
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dispuesta para recibir un cable del primer conjunto de cuatro
cables;

un segundo conjunto de cuatro poleas, cada polea
dispuesta para recibir un cable del segundo conjunto de
cuatro cables; y

un tercer conjunto de cuatro poleas, cada polea
dispuesta para recibir un cable del tercer conjunto de cuatro
cables.

6. El sistema de ascensor de la reivindicacidén 1, en
el que dicho primer conjunto de contrapesos esta situado
fuera del pozo de ascensor.

7. El sistema de ascensor de la reivindicacién 1, en
el que dicho primer conjunto de contrapesos comprende cuatro
contrapesos, cada uno de dichos cuatro contrapesos en dicho
primer conjunto de contrapesos acoplado a uno de dichos
cables en dicho primer conjunto de cuatro cables.

8. El sistema de ascensor de la reivindicacién 7, en
el que dicho segundo conjunto de contrapesos comprende cuatro
contrapesos, cada uno de -dichos cuatro contrapesos en dicho
segundo conjunto de contrapesos acoplado a uno de dichos
cables en dicho segundo conjunto de cuatro cables.

9. El sistema de ascensor de la reivindicacidén 8, en
el que dicho tercer conjunto de contrapesos comprende cuatro
contrapesos, cada uno de dichos cuatro contrapesos en dicho
tercer conjunto de contrapesos acoplado a uno de dichos
cables en dicho tercer conjunto de cuatro cables.

10. El sistema de ascensor de la reivindicacién 7, que
comprende ademds un conjunto de cuatro canales de contrapeso,
cada uno de dichos cuatro canales de contrapeso para alojar
uno de dicho primer conjunto de contrapesos.

11. El sistema de ascensor de la reivindicacién 1, que
comprende ademds un primer conjunto de canales de contrapeso,
cada canal de contrapeso en dicho primer conjunto de canales
de contrapeso confina un contrapeso en dicho primer conjunto
de contrapesos.

12. El sistema de ascensor de la reivindicacién 11, que

comprende ademds un segundo conjunto de canales de
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contrapeso, cada canal de contrapeso en dicho segundo
conjunto de canales de contrapeso confina un contrapeso en
dicho segundo conjunto de contrapesos.

13. El sistema de ascensor de la reivindicacién 12, que
comprende ademas un tercer conjunto de canales de contrapeso,
cada canal de contrapesd en dicho tercer conjunto de canales
de contrapeso confina un contrapeso en dicho tercer conjunto
de contrapesos,

14, El sistema de ascensor de la reivindicacién 13, en
el que dicho primer, segundo y tercer canales de contrapeso
estan situados de tal manera que el primer conjunto de
contrapesos no interfiera con el segundo o tercer conjuntos
de contrapesos durante la operacién del ascensor.

15. El sistema de ascensor de la reivindicacién 1 que
comprende ademas:

un primer cable de elevacién acoplado a una primera
ubicacién de dicha segunda cabina y a un primer motor, siendo
dicho primer cable de elevacién capaz de mover dicha segunda
cabina en respuesta a la activacién de dicho primer motor.

l6. El sistema de ascensor de la reivindicacién 15, en
el que dicho primer cable de elevacién estd también acoplado
a una segunda ubicacién de dicha sSegunda cabina, en el que
durante el movimiento de la segunda cabina, dicho primer
cable de elevacién es movido y ninguna porcién de dicho
primer cable de elevacidén es almacenada.

17. El sistema de ascensor de la reivindicacidén 15 que
comprende ademas:

un segundo cable de elevacién acoplado a una primera
ubicacién de dicha tercera cabina y a un segundo motor,
siendo dicho segundo cable de elevacidén capaz de mover dicha
tercera cabina en respuesta a la activacién de dicho segundo
motor, en el qﬁe dichos segundos cables de elevacién no
interfieren con dichos primeros cables de elevacién durante
la operacién.

18. E1l sistema de ascensor de la reivindicacién 17, en
el que dicho segundo cable de elevacidén esta también acoplado

a una segunda ubicacién de dicha tercera cabina, en el que
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durante el movimiento de la tercera cabina, dicho segundo
cable de elevacién es movido y ninguna porcién de dicho
segundo cable de elevacidén es almacenada.

19. El sistema de ascensor de la reivindicacién 17 que
comprende ademis:

un tercer cable de elevacidén acoplado a una primera
ubicacién de dicha cuarta cabina y a un tercer motor, siendo
dicho tercer cable de elevacidén capaz de mover dicha cuarta
cabina en respuesta a la activacién de dicho tercer motor, en
el que dichos terceros cables de elevacidén no interfieren con
dichos primeros cables de elevacién o dichos segundos cables
de elevacidén durante la operacidn.

20. El sistema de ascensor de la reivindicacién 19, en
el que dicho tercer cable de elevacién estéd también acoplado
a una segunda ubicacién de dicha cuarta cabina, en el que
durante el movimiento de la cuarta cabina, dicho tercer cable
de elevacién es movido y ninguna porcién de dicho tercer

cable de elevacidén es almacenada.
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RESUMEN

Un sistema de ascensor que utiliza cuatro o mds cabinas
méviles de forma independiente en cada pozo de ascensor. Las
cabinas inferiores se conectan a cuatro contrapesos
espacialmente separados en cuatro puntos de conexién de
contrapeso diferentes. Los puntos de conexién se desplazan
horizontalmente en diferentes cabinas, con el fin de evitar
la interferencia entre los cables, poleas y contrapesos. La
cabina superior se puede conectar a uno o dos contrapesos por
puntos de conexién en el techo de la cabina. Las cabinas se
montan en dos pistas, cada pista en un lado del pozo de
ascensor. El sistema incluye un motor unido a cada una de las
cabinas mediante cables de elevacién para facilitar el
movimiento independiente de todas las cabinas. Los edificios
existentes se pueden reacondicionar para su compatibilidad

con la presente invencién.
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HOJA DE REEMPLAZO
-1 -

REIVINDICACIONES

1. Un sistema de ascensor que comprende:

un primer pozo de ascensor;

al menos cuatro cabinas de ascensor situadas dentro de
dicho primer pozo de ascensor, incluyendo dichas cuatro
cabinas de ascensor una primera cabina de ascensor situada
por encima de una segunda cabina de ascensor, dicha segunda
cabina de ascensor situada por encima de una tercera cabina
de ascensor y dicha tercera cabina de ascensor situada por
encima de dicha cuarta cabina de ascensor, teniendo cada una
de dichas cuatro cabinas una primera y segunda paredes que
son sustancialmente paralelas;

un primer conjunto de cuatro cables acoplado a dicha
segunda cabina de ascehsor, dos cables de dicho primer
conjunto de cuatro cables situados en dicha primera pared de
dicha segunda cabina de ascensor y los dos cables restantes
de dicho primer conjunto de cuatro cables situados en dicha
segunda pared de dicha segunda cabina de ascensor, en el que
cada uno de dichos cuatro cables estd conectado a su propio
contrapeso en un primer conjunto de contrapesos, ninguno de
los dos o mads de dicho primer conjunto de cuatro cables
conectado al mismo contrapeso;

un segundo conjunto de cuatro cables acoplado a dicha
tercera cabina de ascensor, dos cables de dicho segundo
conjunto de cuatro cables situados sobre dicha primera pared
de dicha tercera cabina de ascensor y los dos <cables
restantes de dicho segundo conjunto de cuatro cables situados
en dicha segunda pared de dicha tercera cabina de ascensor,
en el que cada uno de dichos cuatro cables estd conectado a
su propio contrapeso en un segundo conjunto de contrapesos,
ninguno de los dos o mds de dicho segundo conjunto de cuatro
cables conectado al mismo contrapeso, cada uno de dicho
segundo conjunto de cuatro cables situado de tal manera que
los cables no interfieran con dicho primer conjunto de cuatro
cables conectado a dicha segunda cabina de ascensor; y

un tercer conjunto de cuatro cables acoplados a dicha

cuarta cabina de ascensor, dos cables de dicho tercer
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conjunto de cuatro cables situados sobre dicha primera pared
de dicha cuarta cabina de ascensor y los dos cables restantes
de dicho tercer conjunto de cuatro cables situados en dicha
segunda. pared de dicha cuarta cabina de ascensor, en el que
cada uno de dichos cuatro cables estd conectado a su propio
contrapeso en un tercer conjunto de contrapesos, ninguno de
los dos o més de dicho tercer conjunto de cuatro cables
conectado al mismo contrapeso, cada uno de dicho tercer
conjunto de cuatro cables situado de tal manera que los
cables no interfieran con ninguno de dicho primer conjunto de
cuatro cables conectado a dicha segunda cabina de ascensor ni
con dicho segundo conjunto de cuatro cables conectado a dicha
tercera cabina de ascensor.

2. El sistema de ascensor de la reivindicacién 1, en
el que dichas cabinas de ascensores comprenden ademés:

una primera gqguia, situada en dicha primera pared, para
acoplar wuna primera trayectoria vertical en el pozo de
ascensor; y '

una segunda guia, situada en dicha segunda pared, para
acoplar wuna segunda trayectoria vertical en el pozo de
ascensor.

3. El sistema de ascensor de la reivindicacién 2, en
el que dicha primera guia estd situada sustancialmente a lo
largo de un eje central de dicha primera pared y dicha
segunda guia estd situada sustancialmente a lo largo de un
eje central de dicha segunda pared.

4. El sistema de ascensor de la reivindicacién 1, en
el que un primer eje es formado entre un cable de dichos dos
cables de dicho primer conjunto de cuatro cables situado en
dicha primera pared y un cable de dichos dos cables de dicho
primer conjunto de cuatro cables situado en dicha segunda
pared, y en el que dicho primer eje pasa sustancialmente a
través del centro bidimensional de 1la segunda cabina de
ascensor.

| 5. El sistema de ascensor de la reivindicacién 1, que
comprende ademés:

un primer conjunto de cuatro poleas, cada polea

®
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dispuesta para recibir un cable del primer conjunto de cuatro
cables;

un segundo conjunto de cuatro poleas, cada polea
dispuesta para recibir un cable del segundo conjunto de
cuatro cables; vy

un tercer conjunto de cuatro poleas, cada polea
dispuesta para recibir un cable del tercer conjunto de cuatro
cables.

6. El sistema de ascensor de la reivindicacién 1, en
el que dicho primer conjunto de contrapesos esta situado
fuera del pozo de ascensor.

7. El sistema de ascensor de la reivindicacidén 1, en
el que dicho primer conjunto de contrapesos comprende cuatro
contrapesos, cada uno de dichos cuatro contrapesos de dicho
primer conjunto de contrapesos acoplado a uno de dichos
cables en dicho primer conjunto de cuatro cables.

8. El sistema de ascensor de la reivindicacidén 7, en
el que dicho segundo conjunto de contrapesos comprende cuatro
contrapesos, cada uno de dichos cuatro contrapesos de dicho
segundo conjunto de contrapesos acoplado a uno de dichos
cables en dicho segundo conjunto de cuatro cables.

9. El sistema de ascensor de la reivindicacidén 8, en
el que dicho tercer conjunto de contrapesos comprende cuatro

contrapesos, cada uno de dichos cuatro contrapesos de dicho

_tercer conjunto de contrapesos acoplado a uno de dichos

cables en dicho tercer conjunto de cuatro cables.

10. El sistema de ascensor de la reivindicacidn 7, que
comprende adem&s un conjunto de cuatro canales de contrapeso,
cada uno de dichos cuatro canales de contrapeso para alojar
uno de dicho primer conjunto de contrapesos.

11. El sistema de ascensor de la reivindicacidén 1, que
comprende ademds un primer conjunto de canales de contrapeso,
cada canal de contrapeso de dicho primer conjunto de canales
de contrapeso confina un contrapeso en dicho primer conjunto
de contrapesos.

12. El sistema de ascensor de la reivindicacidén 11, que

comprende ademas un segundo conjunto de canales de
)
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contrapeso, cada canal de contrapeso de dicho segundo
conjunto de canales de contrapeso confina un contrapeso en
dicho segundo conjunto de contrapesos.

13. El sistema de ascensor de la reivindicacién 12, que
comprende ademas un tercer conjunto de canales de contrapeso,
cada canal de contrapeso de dicho tercer conjunto de canales
de contrapeso confina un contrapeso en dicho tercer conjunto
de contrapesos,

14. El sistema de ascensor de la reivindicacién 13, en
el que dicho primer, segundo y tercer canales de contrapeso
estan situados de tal manera que el primer conjunto de
contrapesos no interfiera con el segundo o tercer conjuntos
de contrapesos durante la operacién del ascensor.

15. El sistema de ascensor de la reivindicacién 1 que
comprende ademas:

un primer cable de elevacidén acoplado a una primera
ubicacién de dicha segunda cabina y a un primer motor, siendo
dicho primer cable de elevacién capaz de mover dicha segunda
cabina en respuesta a la activacién de dicho primer motor.

16. El sistema de ascensor de la reivindicacién 15, en
el que dicho primer cable de elevacién estd también acoplado
a una segunda ubicacién de dicha segunda cabina, en el que
durante el movimiento de 1la segunda cabina, dicho primer
cable de elevacién es movido y ninguna porcién de dicho
primer cable de elevacién es almacenada.

17. El sistema de ascensor de la reivindicacién 15 que
comprende ademas:

un segundo cable de elevacién acoplado a una primera
ubicacién de dicha tercera cabina y a un segundo motor,
siendo dicho segundo cable de elevacidén capaz de mover dicha
tercera cabina en respuesta a la activacién de dicho segundo
motor, en el que dichos segundos cables de elevacién no
interfieren con dichos primeros cables de elevacién durante
la operacién.

18. El1 sistema de ascensor de la reivindicacién 17, en
el que dicho segundo cable de elevacién estd también acoplado

a una segunda ubicacién de dicha tercera cabina, en el que




10

15

20

25

HOJA DE REEMPLAZO
- 5 =
durante el movimiento de la tercera cabina, dicho segundo
cable de elevacién es movido y ninguna porcidén de dicho
segundo cable de elevacién es almacenada.

19. El sistema de ascensor de la reivindicacién 17 que
comprende ademas:

un tercer cable de elevacidén acoplado a una primera
ubicacién de dicha cuarta cabina y a un tercer motor, siendo
dicho tercer cable de elevacidén capaz de mover dicha cuarta
cabina en respuesta a la activacién de dicho tercer motor, en
el que dichos terceros cables de elevacidén no interfieren con
dichos primeros cables de elevacidén o dichos segundos cables
de elevacién durante la operacidn.

20. E1 sistema de ascensor de la reivindicacidén 19, en
el que dicho tercer cable de elevacidén estd también acoplado
a una segunda ubicacién de dicha cuarta cabina, en el que
durante el movimiento de la cuarta cabina, dicho tercer cable
de elevacidén es movido y ninguna porcién de dicho tercer
cable de elevacién es almacenada.

21. E1 sistema de ascensor de la reivindicacién 10, en
el que dicho conjunto de cuatro canales de contrapeso estdn
unidos a una pared divisoria, un primer subconjunto del
conjunto de 1los cuatro canales de contrapeso unido a un
primer lado de la pared divisoria y un segundo subconjunto
del conjunto de cuatro canales de contrapeso unido a un

segundo lado de la pared divisoria.
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CLAIMS
What is claimed is:

1. An elevator system comprising:

a first elevator shaft;

at least four elevator cabs positioned within said first elevator shaft, said four elevator
cabs including a first elevator cab positioned above a second elevator cab, said second elevator
cab positioned above a third elevator cab and said third elevator cab positioned above said.fourth
elevator cab, each of said four cabs having a first and second wall that are substantially parallel;

a first set of four cables coupled to said second elevator cab, two cables of said first set of
four cables positioned on said first wall of said second elevator cab and the remaining two cables
of said first set of four cables positioned on said second wall of said second elevator cab, wherein
each of said four cables is connected to ege its own counterweight in a first set of

counterweights, no two or more of said first set of four cables connected to the same

counterweight;
a second set of four cables coupled to said third elevator cab, two cables of said second

set of four cables positioned on said first wall of said third elevator cab and the remaining two
cables of said second set of four cables positioned on said second wall of said third elevator cab,
wherein each of said four cables is connected to ene its own counterweight in a second set of

counterweights, no two or more of said second set of four cables connected to the same

counterweight, each of said second set of four cables positioned such that the cables do not

interfere with said first set of four cables connected to said second elevator cab; and

a third set of four cables coupled to said fourth elevator cab, two cables of said third set
of four cables positioned on said first wall of said fourth elevator cab and the remaining two
cables of said third set of four cables positioned on said second wall of said fourth elevator cab,
wherein each of said four cables is connected to ene its own counterweight in a third set of

counterweights, no two or more of said third set of four cables connected to the same

counterweight, each of said third set of four cables positioned such that the cables do not

interfere with either said first set of four cables connected to said second elevator cab or said

second set of four cables connected to said third elevator cab.

2. The elevator system of claim 1, wherein said elevator cabs further comprise:

a first guide, positioned on said first wall, for engaging a first vertical path in the elevator
shaft; and |

a second guide, positioned on said second wall, for engaging a second vertical path in the

elevator shaft.



3. The elevator system of claim 2, where said first guide is positioned substantially along a
center axis of said first wall and said second guide is position substantially along a center axis of

said second wall.

4. The elevator system of claim 1, wherein a first axis is formed between one cable of said
two cables of said first set of four cables positioned on said first wall and one cable of said two
cables of said first set of four cables positioned on said second wall, and wherein said first axis

passes substantially through the two-dimensional center of the second elevator cab.

5. The elevator system of claim 1, further comprising:

a first set of four pulleys, each pulley disposed to receive one cable of the first set of four
cables; ’

a second set of four pulleys, each pulley disposed to receive one cable of the second set
of four cables; and

a third set of four pulleys, each pulley disposed to receive one cable of the third set of

four cables.

6. The elevator system of claim 1, wherein said first set of counterweights are positioned

external to the elevator shatft.

7. The elevator system of claim 1, wherein said first set of counterweights comprises four
counterweights, each of said four counterweights in of said first set of counterweights coupled to

one of said cables in said first set of four cables.

8. The elevator system of claim 7, wherein said second set of counterweights comprises four
counterweights, each of said four counterweights in of said second set of counterweights coupled

to one of said cables in said second set of four cables.

9. The elevator system of claim 8, wherein said third set of counterweights comprises four
counterweights, each of said four counterweights in of said third set of counterweights coupled

to one of said cables in said third set of four cables.

10.  The elevator system of claim 7, further comprising a set of four counterweight channels,

each of said four counterweight channels for housing one of said first set of counterweights.

11.  The elevator system of claim 1, further comprising a first set of counterweight channels,
each counterweight channel i of said first set of counterweight channels encloses one

counterweight in said first set of counterweights.

12. The elevator system of claim 11, further comprising a second set of counterweight
channels, each counterweight channel in of said second set of counterweight channels encloses

one counterweight in said second set of counterweights.
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13.  The elevator system of claim 12, further comprising a third set of counterweight channels,
each counterweight channel in of said third set of counterweight channels encloses one

counterweight in said third set of counterweights,

14.  The elevator system of claim 13, wherein said first, second and third counterweight
channels are positioned such that the first set of counterweights do not interfere with the second

or third set of counterweights during elevator operation.

15.  The elevator system of claim 1 further comprising:
a first lift cable coupled to a first location of said second cab and a first motor, said first

lift cable capable of moving said second cab in response to activation of said first motor.

16.  The elevator system of claim 15, wherein said first lift cable is also coupled to a second
location of said second cab, wherein during movement of the second cab, said first lift cable

moves and no portion of said first lift cable is stored.

17.  The elevator system of claim 15 further comprising:
a second lift cable coupled to a first location of said third cab and a second motor, said
second lift cable capable of moving said third cab in response to activation of said second motor,

wherein said second lift cables do not interfere with said first lift cables during operation.

18.  The elevator system of claim 17, wherein said second lift cable is also coupled to a
second location of said third cab, wherein during movement of the third cab, said second lift

cable moves and no portion of said second lift cable is stored.

19.  The elevator system of claim 17 further comprising:

a third lift cable coupled to a first location of said fourth cab and a third motor, said third
lift cable capable of moving said fourth cab in response to activation of said third motor, wherein
said third lift cables do not interfere with said first lift cables or said second lift cables during

operation.

20.  The elevator system of claim 19, wherein said third lift cable is also coupled to a second
location of said fourth cab, wherein during movement of the fourth cab, said third lift cable
moves and no portion of said third lift cable is stored.

21. (Added) The elevator system of claim 10, wherein said set of four counterweight

- channels are attached to a dividing wall, a first subset of the set of four counterweight channels

attached to a first side of the dividing wall and a second subset of the set of four counterweight

channels attached to a second side of the dividing wall.
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SYSTEM HAVING MULTIPLE CABS IN AN ELEVATOR SHAFT

FIELD OF INVENTION
[0001] The invention relates generally to a multi-cab elevator system having cabs which

move independently of each other in an elevator shaft.

BACKGROUND
[0002] Reducing the number of elevator shafts used in a building has been attempted for
years in order to increase the space available for profitable purposes. It is expected that the
number of hoistways in some large buildings could be reduced by over 80%. For years,
double deck cabs have been used in order to increase the passenger capacity of a hoistway,
with each deck serving even or odd floors. However, double deck cabs can limit the freedom
of travel provided to passengers. Some systems have used multiple one-way shafts with
several cabs being transferred from one shaft to another in order to create a loop of travel.
This is has proven to be too costly due to complexity and increased energy usage.
[0003] Another way to accomplish this is by having multiple cabs in a single shaft. The
number of cabs in an individual shaft has been limited to two or three cabs due to the
auxiliary equipment used for operation of one cab interfering with another cab’s operation.
Placing counterweights for the various cabs that do not interfere with each other can be a
significant problem as the number of cabs increases. Using one central counterweight or two
counterweights on opposing corners of a cab can result in less than ideal balance of the cabs.
In some instances, the space needed for the travel of counterweights can be reduced, but this
may require cable storage outside of the existing footprint of the elevator shaft. Thisisa
drawback, since a significant advantage of a multiple cab elevator system is reducing the
footprint used.
[0004] Elevator systems capable of using multiple cabs are also usually incapable of
operating in an existing elevator shaft without substantial modification. This can

significantly increase the installation cost of such a system.

SUMMARY
[0005] The present invention is an elevator system which allows four or more cabs to operate
independently in a single elevator shaft. The cables used for various systems are generally

restricted to areas outside the pathway of the cabs to eliminate interference. In an
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embodiment, the top cab is connected to two counterweights, while the rest of the cabs are
connected to four counterweights each. The connection points between the top cab and its
counterweights are at the center of the top surface of the cab. The connection points between
the lower cabs and the counterweights are located on either side (wall) of the cabs and
horizontally shifted relative to one another in order to avoid interference between cables and
provide unencumbered access to each of the counterweight channels and pulleys. As long as
interference preventing the movement of any of the cabs is avoided, various numbers of cabs
may be used, and various numbers of counterweights may be used for the top and lower cabs.
The present invention does not require any storage of cables due to each counterweight
having its own counterweight channel and traveling the length of the hoistway.

[0006] In an embodiment, the cabs use two tracks which are located on opposite sides of the
clevator shaft for guidance and breaking functions. The use of center side tracks provides
more even weight distribution than other arrangements, such as one track near each of the
four corners of the cab. The use of two tracks also creates less friction between the tracks
and cabs, which results in energy savings. Each cab connects to a specific lift cable on the
rear or one side of the cab. Each lift cable can be connected to, for example, a motor pulley
and floor pulley to allow controlled movement of each cab independently.

[0007] The features and advantages described in the specification are not all inclusive and, in
particular, many additional features and advantages will be apparent to one of ordinary skill
in the art in view of the drawings, specification, and claims. Moreover, it should be noted
that the language used in the specification has been principally sclected for readability and
instructional purposes, and may not have been selected to delineate or circumscribe the

inventive subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Figure 1 is an illustration of the front providing an overview of an elevator system in
accordance with one embodiment of the present invention.
[0009] Figure 2 is ar illustration of the cabs in the hoistway from another perspective
highlighting the connections of the counterweights, motors and track elements to the cabs, in
accordance with one embodiment of the present invention.
[0010] Figures 3A to 3D are illustrations of the top view of cabs 1, 2, 3 and 4 that show how
each cab is connected to, among other things, the counterweights, vertical tracks, and motors,

in accordance with one embodiment of the present invention.
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[0011] Figure 4 is an illustration of a front view of cab 2 that shows how the counterweights
and vertical tracks are attached to the cab in accordance with one embodiment of the present
invention.

[0012] Figure 5 is an illustration of the top of the elevator shaft that shows the placement of
the counterweights in their channels in accordance with one embodiment of the present
invention.

[0013] Figure 6 is an illustration of the placement of the track and how the motor system is
attached to each of the cabs in accordance with one embodiment of the present invention.
[0014] Figure 7 is an illustration the operation of an elevator shaft having multiple cabs in

accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0015] A preferred embodiment of the present invention is now described with reference to
the figures where like reference numbers indicate identical or functionally similar elements.
Also in the figures, the left most digit of each reference number corresponds to the figure in
which the reference number is first used.
[0016] Reference in the specification to “one embodiment” or to “an embodiment” means

that a particular feature, structure, or characteristic described in connection with the

embodiments is included in at least one embodiment of the invention. The appearances of the

phrase “in one embodiment” in various places in the specification are not necessarily all
referring to the same embodiment.

[0017] In addition, the language used in the specification has been principally selected for
readability and instructional purposes, and may not have been selected to delineate or
circumscribe the inventive subject matter. Accordingly, the disclosure of the present
invention is intended to be illustrative, but not limiting, of the scope of the invention, which
is set forth in the claims.

[0018] A view from the front of a preferred embodiment of the multi-cab elevator system is
illustrated in Figure 1. A hoistway 100 is shown having four cabs 110. It should be
recognized that the arrangement of the counterWeight and motor systems allow for the
operation of more than four cabs in other embodiments. Six, or more cabs can be operated in
a single hoistway/shaft. This is made possible by the offset of counterweights and motors, as
discussed below. The cabs 110 in the hoistway 100 are all aligned vertically. From top to
bottom, the cabs are referred to as cab 1 (110A), cab 2 (110B), cab 3 (110C) and cab 4
(110D). Each of the cabs 110 is capable of moving throughout the hoistway 100

Y
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independently of one another, without passing another cab, due to each cab having an
associated motor 130 and horizontally separated cables, pulleys 140 and counterweights 120.
[0019] The movement of the cabs 110 is driven by motors 130 positioned at the top of the
hoistway 100, in the preferred embodiment. In alternate embodiments the motors 130 can be
placed in different locations, such as the bottom of the hoistway or each motor can be placed
at different locations. Each cab is connected to a motor 130 by a lift cable 136. Each lift
cable 136 is attached to a cab 110 at two vertically aligned motor connection points 150 on
the cab, e.g., on the rear face of the cab. Each cab can also have a single motor connection
point 150 rather than the two illustrated. In this case, each end of a lift cable would attach to
the same motor connection point. The motor connection points 150 of each cab are
horizontally shifted to prevent interference (interaction) with another cables 136 from another
cab 110. For example, in Figure 1, the motor connections points 150 shift from right to left
as the cabs 110 become lower in the hoistway 100. This allows a plurality of cabs beyond the
four in this embodiment to each be controlled by a dedicated motor without any obstruction
caused by the lift cables 136. One end of each of the lift cables 1 36 connects to the upper
motor connection point 150 on a cab. The lift cables 136 are then routed through the motors
130 near the ceiling of the hoistway. The lift cables 136 are then routed through floor pulleys
170 which are attached to the bottom of the hoistway. Finally, the other end of each of the
lift cables 136 is attached to the lower of the two motor connection points 150.

[0020] In an embodiment, counterweights 120 are located on the sides and rear of the cabs
110 and travel along the length of the hoistway 100. Each of the counterweights 120 is
connected to a cab by a counterweight cable running through one of the counterweight
pulleys 140 located at the top of the hoistway 100. The counterweight pulleys 140 along the
sides of the hoistway are aligned, in an embodiment, coaxially. Different sized pulleys
account for different spacing between the cabs 110 and counterweights 120. Alternatively,
multiple pulleys can be used to vary the spacing between the cabs 110 and counterweights
120. The counterweights 120 are all kept in individual counterweight channels in order to
control the movement of the counterweights 120 and to avoid interaction/interference
between counterweights 120. For example, the counterweights 120 and pulleys 140 can be
horizontally shifted in order to provide unencumbered access to each of these systems and
avoid interference with other equipment.

[0021] The bottom cab, cab 4 (110D), has a spring 180 or another collision dampening
device on the bottom of the cab as a safety precaution. In the event of a collision between the

bottom of the hoistway 100 and cab 4 110D, the spring mitigates the damage from impact.
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With the possible exception of the top cab, cab I 100A, all cabs 110 have a bumper 160 or
another collision dampening safety device on the top of the cab. The bumpers 160 are
similarly used as a safety precaution to lessen the impact of a collision between two of the
cabs 110. |

[0022] Figure 2 is another perspective of the elevator system in accordance with one
embodiment of the present invention. The cabs 110 move along two tracks 230 on each side
of the hoistway that run the length of the hoistway 100. The cabs 100 are attached to the
tracks 230 using guides 220. While illustrated as wheels, the guides 220 may also be double
pronged guides which can serve as brakes. A mix of different types of guides can also be
used, with some providing guidance and others providing brakes and guidance. Each of the
depicted cabs 110 has four guides 220, two on opposite sides of the cab. In a preferred
embodiment, each of the cabs has two guides 220, one on opposite sides of the cab. Various
numbers of guides can be used. Having two tracks, rather than one at each corner as in some
conventional systems, provides better weight distribution, e.g., more balanced weight
distribution, and lower maintenance costs in certain situations. The use of two tracks also
causes less friction between the guides and tracks which results in more efficient operation of
the elevator system. In an embodiment two of the guides are positioned substantially along a
center axis or plane of a first wall of the cab 110A and two guides are positioned substantially
along a center axis or plane of a second wall of the cab 110A, wherein in one embodiment the
first and second walls of the cab 110 are substantially parallel. The uppermost cab, cab 1
(110A), is connected to two counterweights 120 at the rear of the hoistway 100. In an
embodiment, only one counterweight 120 is connected to cab 1 (110A). These
counterweights are attached to cab 1 (110A) at counterweight connection point 240A, which
is located at the center of roof of cab 1 (110A). In alternate embodiments cab 1 (110A) is
connected to a different number of counterweights, e.g., one, four etc. In alternate
embodiments cab 1 (110A) has multiple connection points, for example, similar to those
described below.

[0023] In one embodiment, the reinaining cabs, e.g., cab 2 (110B), cab 3 (110C) and cab 4
(110D), are connected to four counterweights each, with two located on either side of the cab.
It is shown that the countérweight conncctioﬁ points 240 on the cabs 110 are horizontally
shifted in order to avoid interference with one another. For instance, the cab 3 connections
points 240C are shifted toward the front and rear of the hoistway 100 relative to the cab 2

connection points 240B.
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[0024] Figures 3A, 3B, 3C, and 3D illustrate a top view of each of the cabs in one
embodiment of the invention. As illustrated in Figure 3A and as described above, the
location of the cab 1 counterweights 120A is different than that of the other three cabs. The
counterweight connection point 240A for cab 1 (110A) is located at the middle of the top of
the cab rather than on the sides. The counterweight connection point is not implemented in
this fashion on the other cabs since there is a cab above which would interfere with the
counterweight connection cable. The counterweight connection point 240A is attached to the
counterweights 120A at the rear of the hoistway. As illustrated, counterweights 120 can be
attached to dividing walls 360. Dividing walls 360 allow counterweights and other
equipment to be attached to both sides of the dividing wall 360. This increases the amount of
counterweights and cabs that can fit in a single hoistway. The rear dividing wall can be
extended to span the width of the rear of the hoistway. Counterweights can also be attached
to the outer hoistway wall rather than a dividing wall, if dividing walls are not included.
However, dividing walls allow significant flexibility in the selection and placement of
counterweights. By using a dividing wall, a large number of counterweights can be included
which allows many cabs to fit into a single hoistway. In some instances, these
counterweights can be long and narrow in order to reduce the horizontal space occupied.
Wells might be included at the bottom of the hoistway to provide long counterweights, and
therefore cabs, full range of motion. The counterweights used by the cabs do not need to be
of the same size or shape as long as the counterweights are kept evenly balanced for cach of
the cabs. In addition, a large number of counterweights, e.g., 16, can be used for a single cab
as long as the counterweights for each cab are kept balanced.

[0025] Figures 3B, 3C and 3D illustrate a top view of cabs 2, 3 and 4 respectively in
accordance with one embodiment of the present invention. All of these cabs feature similar
counterweight locations. Four counterweights 120 are placed horizontally near the sides of
the cab, one in each quadrant of the cab. This arrangement, with four connection points to
the counterweights, provides balance superior to conventional arrangements such as two
counterweights in opposing corners. In one embodiment, in order to improve balance, the

" two counterweights 120 on each side of the cab are placed equidistant from the guides 220.
As discussed above, the distance between the counterweights and the guides can be altered
for each cab to prevent interference between counterweights, cables and pulleys. For
example, the counterweight connection points 240B for cab 2 can be positioned so that an
axis or plane formed between opposite connection points passes through or near the two-

dimensional center of the cab 110B. That is, an imaginary axis or plane between
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counterweight connection point 240B in the upper left of Figure 3B and counterweight
connection point 240B in the lower right of Figure 3B passes at or near the two-dimensional
center of cab 110B (for example, near the center of bumper 160B in the two-dimensional
perspebtive of Figure 3B). Similarly an imaginary axis between counterweight connection
point 240B in the upper right of Figure 3B and counterweight connection point 240B in the
lower left of Figure 3B passes at or near the center of cab 110B. This assists in balancing the
cabs and reducing the torque on the guides 220.

[0026] Similarly, the motor connection points 150 on the rear of each of the cabs are shfted
on each cab in the hoistway to prevent interference between the motor systems and cables of
each cab.

[0027] In one embodiment, as illustrated in Figure 3B, the counterweights 120B of cab 2
110B are located nearest the tracks 230 on either side of the elevator shaft. Four
counterweight connection points 240B are aligned with the counterweights and connected to
the counterweights by a cable. A motor connection point 150B connects to a motor 130B
towards the rear of the of elevator shaft to enable movement of the cab. The motor
connection point 150B is horizontally shifted from motor connection points from other cabs
to avoid interference with other cables. Two guides 220B are in line with the tracks 230 and
direct the cab as it moves along the iength of the elevator shaft.

[0028] In accordance with one embodiment and as illustrated in Figure 3C, the
counterweights 120C of cab 3 110C are located adjacent to the cab 2 couhterweights 120B
towards the outside of the hoistway. Four counterweight connection points 240C are aligned
with the counterweights and connected to the counterweights by a-cable. As discussed above,
the distance between the counterweights and the guides can be altered for each cab to prevent
interference between counterweights, cables and pulleys. For example, the counterweight
connection points 240C for cab 3 can be positioned so that an axis or plane formed between
opposite connection points passes through or near the two-dimensional center of the cab
110C. That is, an imaginary axis or plane between counterweight connection point 240C in
the upper left of Figure 3C and counterweight connection point 240C in the lower right of
Figure 3C passes at or near the two-dimensional center of cab 110C (for.example, near the
center of bumper 160C in the two-dimensional perspective of Figure 3C). Similarly an
imaginary axis between counterweight connection point 240C in the upper right of Figure 3C
and counterweight connection point 240C in the lower left of Figure 3C passes at or near the
center of cab 110C." As described above, this assists in balancing the cabs and reducing the

torque on the guides 220.
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[0029] A motor connection point 150C connects to a motor 130C towards the rear of the of
elevator shaft to enable movement of the cab. The motor connection point 150C is
horizontally shifted from motor connection points of other cabs to avoid interference with
other motors and cables. Two guides 220C are in line with the tracks 230 and direct the cab
as it moves along the length of the elevator shaft. )

. [0030] As illustrated in Figure 3D, the counterweights 120D of cab 4 110D are located
adjacent to the cab 3 counterweights 120C towards the outside of the hoistway. Four
counterweight connection points 240D are aligned with the counterweights and connected to
the counterweights by a cable. As discussed above, the distance between the counterweights
and the guides can be altered for each cab to prevent interference between counterweights,
cables and pulleys. For example, the counterweight connection points 240D for cab 4 are
positioned so that an axis or plane formed between opposite connection points passes through
or near the two-dimensional center of the cab 110D. That is, an imaginary axis or plane
between counterweight connection point 240D in the upper left of Figure 3D and
counterweight connection point 240D in the lower right of Figure 3D passes at or near the
two-dimensional center of cab 110D (for example, near the center of bumper 160D in the
two-dimensional perspective of Figure 3D). Similarly an imaginary axis between
counterweight connection point 240D in the upper right of Figure 3D and counterweight
connection point 240D in the lower left of Figure 3D passes at or near the center of cab
110D. As describe above, this assists in balancing the cabs and reducing the torque on the
guides 220.

[0031] A motor connection point 150D connects to a motor 130D near the rear of the of
elevator shaft to enable movement of the cab. The motor connection point 150D is
horizontally shifted from motor connection points of other cabs in order to avoid interference
~ with other motors and cables. In addition, it should be noted that in another embodiment any
of the cabs may be connected to multiple motors at multiple motor connection points. Two
guides 220D are in line with the tracks 230 and direct the cab as it moves along the length of
the elevator shaft.

[0032] Bumpers 160 on cabs 2, 3, and 4 are also illustrated in Figures 3B, 3C and 3D
respectively. As described above, these bumpers mitigate the impact in a collision between
two cabs. Electric sensors 310 and chain landings 320 are also depicted on the top of all of
the cabs 110. The electric sensors provide information regarding cab location and can also
provide information about the status of the cab, e.g., movement, direction, power status etc.

The chain landings 320 can be used as an additional safety device, for example. While not
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illustrated, in an embodiment, horizontally shifted electric power and data cables originate at
the vertical midpoint of each hoistway in order to minimize the distance to the cabs at any
given time, and to prevent interference or storage of such cables. The data cables can also
provide information to a central location and receiving information from a central location to
assist in cab control, environmental control, etc.

[0033] Figure 4 illustrates a perspective from the front of cab 2 (110B). The tracks 230 are
shown on either side of the cab. The two front counterweights 120B are also on either side of
the cab. Two additional counterweights connected to cab 2 110B are behind the tracks 230B,
but are not illustrated in Figure 4. Each of the counterweights 120 in the system is guided by
a channel which runs the length of the hoistway. As shown, the two counterweights 120B in
Figure 4 are contained in the channels 410B. The counterweights 120B are connected to the
cab 110B by cab 2 counterweight cables 420B. The counterweight cables 420B are attached
at the counterweight connection points 240B as discussed above. The lift cable 136B is
shown to be attached to the cab 110B at two vertically aligned motor connection points 150B.
In some embodiments, the control equipment 460 is located in the bottom portion of the cab.
The control equipment 460 can also be located in the top or side portions of the cab. Among
other things, the control equipment governs breaking, opening and closing of doors, leveling
of a cab with building floors, and the movement of a cab, ensuring passengers reach their
destination without incident. Sensor chains 440 are attached to the bottom of the cab in order
to help detect the location of other cabs in the system. Similarly, electric and optical sensors
310B keep track of obstructions that may be located above the cab 110B and can assist in
identifying the location of the cab 110B in the elevator shaft. A previously mentioned
bumper 160B is located on top of the cab should a collision occur between cab 2 110B and
another cab from above.

[0034] Figure 5 illustrates the layout of the counferweights and counterweight channels, as
well as the pulleys in accordance with one embodiment of the invention. The counterweight
channels 410 and the cab 1 counterweights 120A are placed along the rear of the hoistway, in
contrast to the placement of the other cabs’ counterweights, in this embodiment, The cab 1
counterweights 120A are attached to cab 1 by counterweight cables 420A. Each of the
counterweight cables runs through a pulley above the counterweight channel and a pulley
above the center of cab 1 110A. The cab 1 counterweight channels are horizontally shifted
from the motor assembly to prevent interference and allow unencumbered access to eachi.e.,
the motor assembly 130 is between the cabs 110 and the cab 1 counterweights 120A. In the

present embodiment, motor 130A is connected to cab 1 110A. This also preserves space and
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allows additional motors to be mounted for additional cabs. The placement of cab 1’s
counterweights at the rear of the hoistway is due to preference only. Other embodiments are
possible which do not restrict counterweights to the disclosed locations. In alternate
embodiments the position of counterweights 120A and counterweight channels 410A for cab
1 (110A) can vary, for example, they can be similar to the orientation set forth below with
reference to cabs 2-4. This might be useful to allow doors on both the front and rear of the
cabs.

[0035] In one embodiment, as shown in Figure 5, the counterweight channels 410B of cab 2
110B are located near the tracks 230 on either side of the elevator shaft. In alternate
embodiment the counterweight channels can be positioned elsewhere provided the cham;els,
counterweights and related cables associated with the cabs do not interfere with each other.
Pulleys 140B are located above the counterweight channels 410B and route the
counterweight cables 420B from the counterweights 120B to the counterweight connection
points 240B. Motor 130B, horizontally shifted from the other motors, is connected to the rear
of cab 2 110B to enable movement of the cab.

[0036] The counterweight channels 410C of cab 3 110C are located adjacent to the
counterweight channels 410B for cab 2 110B. Pulleys 140C are located above the
counterweight channels 410C and route the counterweight cables 420C from the
counterweights 120C to the counterweight connection points 240C. Motor 130C,
horizontally shifted from the other motors, is connected to the rear of cab 3 110C to enable
movement of the cab.

[0037] The counterweight channels 410D of cab 4 110D are located adjacent to the
counterweight channels 410C for cab 2 110C and nearest the front and back of the elevator
shaft. Pulleys 140D are located above the counterweight channels 410D and route the
counterweight cables 420D from the counterweights 120D to the counterweight connection
points 240D. Motor 130D, horizontally shifted from the other motors, is connected to the
rear of cab 4 110D to enable movement of the cab.

[0038] The counterweight channels and counterweights for cabs 2, 3 and 4 can be stacked
back-to-back on the sides of the hoistway. If preferred, the counterweights and their channels
can be confined to the inside of the hoistway as well. While not shown in Figure 5, adjacent
counterweight channels placed back-to-back can overlap as long as the counterweights are
offset so that pulley systems do not interfere with one another. This can increase the number
of cabs that the system is able to operate when counterweight space is a limitation. The

counterweight pulleys along either side of the hoistway can be coaxial and horizontally
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shifted in the same manner as the counterweights in order to allow the addition of more cabs.
In an alternate embodiment, the counterweights and counterweight channels 410 are
positioned external to the hoistway/shaft.

[0039] Figure 6 illustrates a side view of the motor system used for each cab in accordance
with one embodiment. In an embodiment, the motor illustrated here for cab 2 110B is similar
for all cabs 110 although the particular positioning of the cables will vary. A vertical track
230 runs along each side of the hoistway and each track 230 connects to a cab at one or two
guides 220B. The two guides 220B are attached to \the track 230 and vertically aligned along
the side of the cab 110B. Two motor connection points 150B are located on the back of the
cab and vertically aligned. One end of a lift cable 136B is attached to the top motor
connection point 150B. The lift cable 136B is then routed through the motor 150B, which is
located near the top of the hoistway 100. The lift cable 136B then runs the length of the
hoistway and is routed through the floor pulley 170B. Between the motor connection points
150B, the lift cable 136B is circular and continuous. Finally, the other end of the lift cable
136B is attached to the bottom motor connection point 150B. Like the counterweight system,
this motor system eliminates the need for any cable storage.

[0040] While it is feasible in some embodiments for one hoistway to be used, e.g., in a deep
mine shaft or a tall tower, two or more hoistways are used in the preferred embodiment for
increased passenger convenience. With multiple hoistways, hoistways can alternate and
coordinate the direction their cabs are traveling in effect creating a circular traffic pattern.
Proper coordination of the directions cabs are traveling in can minimize the delay that
passengers experience. The control system would ensure that enough cabs for service were
traveling in each direction. Two hoistways with multiple cabs are expected to be sufficient
for many buildings with 20 or more floors. In one embodiment, it is estimated that an
additional hoistway is added for each additidnal 20 stories..

[0041] Figure 7 illustrates the general operation of a hoistway with four cabs 110A-D. A
hoistway is shown at 7 different points in time, 9:05 through 9:11, in order to demonstrate
operation of the system. At 9:05, Cab 1 (110A) is located at floor 1 and the rest of the cabs
are located at basement slots 710. The basement slots 710 may be on floors used for car
parking. At 9:06, cab 1 (110A) moves up to transport passengers and the other cabs move up
1-level in order to prepare to transport passengers. At 9:07, cab 2 (110B) begins transporting
passengers and cab 3 (110C) moves to floor 1 in preparation. At 9:08 cabs 2 and 3 are still
transporting passengers and cab 4 has moved to floor 1 in preparation for transporting

passengers. Cab 1 (110A) has moved to the attic or mechanical equipment slots 720 in order
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to allow the other cabs to service any of the floors in the hoistway. People transferring from
parked cars on basement floors use cabs 2, 3 and 4 to arrive at their desired floors.

[0042] Attic 720 and basement 710 hoistway slots may be included to enable each cab to
service all of the floors in the building, in this case, floors 1-10. For example, if attic
hoistway slots A1-A3 were not present, only cab 1 (110A) would be able to service floor 10.
Cab 1 (110A) would not be able to move out of the way and allow the other cabs to reach
floor 10. The hoistway can still operate if the attic and basement slots are not included, but
certain cabs wduld not be able to provide service to certain floors.

[0043] At 9:09, Cab 1 (110A) has moved to floor A3 in order to make room for cab 2 (110B)
and cab 3(110C) in the attic slots. The cabs continue to travel upwards while transporting
passengers and eventually moving to the highest floor possible. At this point, a similar
process is begun in the opposite direction. In some situations, the cabs can reverse their

~ direction of travel before all of the cabs have reached their highest or lowest point.

[0044] An advantage of this invention is that in addition to future buildings, many existing
buildings can effectively and inexpensively be retrofitted for compatibility with the present
invention. In an embodiment, the components can be contained within the existing hoistway
and counterweights areas. In addition, the system may not need to store cables due to the
arrangement of pulleys, counterweights and motors. In addition, some or most of the cables,
pulleys, motors and other equipment can be located outside of the common hoistway,
mcluding above or below the hoistway. In an embodiment, by utilizing multiple cabs in a
single shaft, a building can achieve additional elevator capacity while eliminating one or
more shafts and converting those shafts to revenue producing space on each floor. The space
used for elevator lobbies throughout a building can also be reduced by eliminating one or
more shafts.

[0045] Modifications can be made to the system in order to allow opposing doors to be used
on each of the cabs 110. For example, while not illustrated, all of the counterweights, motors
and related equipment which would impede access. to a rear door can be moved to the edges
of the rear of the hoistway or cab or to the sides of the hoistway or cab alongside the lower
cab counterweights. Similarly, counterweights, motors and related equipment can be placed
on the front of the cab as long as they are towards the sides and do not affect use of the door.
While useful for future buildings, the present invention is also compatible with existing
buildings and elevator systems.

[0046] Each of the cabs moves independently due to each cab using separate counterweights

and motors. In order to enable each cab to serve every floor of a butlding, cab storage levels
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may be included above and/or below the floors that are serviced. For example, in order for
cab 1 (110A) to service the lowest serviced floor, there must be enough room under the
lowest serviced floor for cabs 2 through 4 to be stored. Attic and basement hoistway slots
could also be used to store cabs and suspend operation of certain cabs. This can help reduce
~ operating costs during low usage periods such as nights, weekends and holidays in an office
building. The system can also select a cab to serve only a certain subset of floors, which can
help with high traffic sections of some large buildings, or with a certain number of floors
dedicated to one company.

[0047] The above describes various embodiments relative to a building. It is envisioned that
in alternate embodiments the invention can be utilized with a mine (underground), a tower, or
integrated with horizontal movement systems.

[0048] While particular embodiments and applications of the present invention have been
illustrated and described herein, it is to be understood that the invention is not limited to the
precise construction and components disclosed herein and that various modifications,
changes, and variations may be made in the arrangement, operation, and details of the
methods and apparatuses of the present invention without departing from the spirit and scope

of the invention as it is defined in the appended claims.
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[0049] What is claimed is:

1. An elevator system comprising:

a first elevator shaft;

at least four clevator cabs positioned within said first elevator shaft, said four elevator
cabs including a first elevator cab positioned above a second elevator cab, said second
elevator cab positioned above a third elevator cab and said third elevator cab positioned
above said fourth elevator cab, each of said four cabs having a first and second wall that are
substantially parallel;

a first set of four cables coupled to said second elevator cab, two cables of said first
set of four cables positioned on said first wall of said second elevator cab and the remaining
two cables of said first set of four cables positioned on said second wall of said second
elevator cab, wherein each of said four cables is connected to one counterweight in a first set
of counterweights;

a second set of four cables coupled to said third elevator cab, two cables of said
second set of four cables positioned on said first wall of said third elevator cab and the
remaining two cables of said second set of four cables positioned on said second wall of said
third elevator cab, wherein each of said four cables is connected to one counterweight in a
second set of counterweights, each of said second set of four cables positioned such that the
cables do not interfere with said first set of four cables connected to said second elevator cab;
and

a third set of four cables coupled to said fourth elevator cab, two cables of said third
set of four cables positioned on said first wall of said fourth elevator cab and the remaining
two cables of said third sct of four cables positioned on said second wall of said fourth
elevator cab, wherein each of said four cables is connected to one counterweight in a third set
of counterweights, each of said third set of four cables positioned such that the cables do not
interfere with either said first set of four cables connected to said second elevator cab or said

second set of four cables connected to said third elevator cab.

2. The elevator system of claim 1, whercin said elevator cabs further comprise:

a first guide, positioned on said first wall, for engaging a first vertical path in the
clevator shaft; and

a second guide, positioned on said second wall, for engaging a second vertical path in

the elevator shaft.
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3. The elevator system of claim 2, where said first guide is positioned substantially along
a center axis of said first wall and said second guide is position substantially along a center

axis of said second wall.

4, The elevator system of claim 1, wherein a first axis is formed between one cable of
said two cables of said first set of four cables positioned on said first wall and one cable of
said two cables of said first set of four cables positioned on said second wall, and wherein
said first axis passes substantially through the two-dimensional center of the second elevator

cab.

5. The elevator system of claim 1, further comprising:
a first set of four pulleys, each pulley disposed to receive one cable of the first set of
. four cables;
~ a second set of four pulleys, each pulley disposed to receive one cable of the second
set of four cables; and
a third set of four pulleys each pulley disposed to receive one cable of the third set of

four cables.

6. The elevator system of claim 1, wherein said first set of counterweights are positioned

external to the elevator shaft.

7. The elevator system of claim 1, wherein said first set of counterweights comprises
four counterweights, each of said four counterweights in said first set of counterweights

coupled to one of said cables in said first set of four cables.

8. The elevator system of claim 7, wherein said second set of counterweights comprises
four counterweights, each of said four counterweights in said second set of counterweights

coupled to one of said cables in said second set of four cables.

9. The elevator system of claim 8, wherein said third set of counterweights comprises
four counterweights, each of said four counterweights in said third set of counterweights

coupled to one of said cables in said third set of four cables.

10.  The elevator system of claim 7, further comprising a set of four counterweight
channels, each of said four counterweight channels for housing one of said first set of

_ counterweights.
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11.  The elevator system of claim 1, further comprising a first set of counterweight
channels, each counterweight channel in said first set of counterweight channels encloses one

counterweight in said first set of counterweights.

12. The elevator system of claim 11, further comprising a second set of counterweight
channels, each counterweight channel in said second set of counterweight channels encloses

one counterweight in said second set of counterweights.

13.  The elevator system of claim 12, further comprising a third set of counterweight
channels, each counterweight channel in said third set of counterweight channels encloses '

one counterweight in said third set of counterweights,

¥

14.  The elevator system of claim 13, wherein said first, second and third counterweight
channels are positioned such that the first set of counterweights do not interfere with the

second or third set of counterweights during elevator operation.

15.  The elevator system of claim 1 further comprising:
a first Lift cable coupled to a first location of said second cab and a first motor, said

first lift cable capable of moving said second cab in response to activation of said first motor.

16.  The elevator system of claim 15, wherein said first lift cable is also coupled to a
second location of said second cab, wherein during movement of the second cab, said first lift

cable moves and no portion of said first lift cable is stored.

17.  The elevator system of claim 15 further corriprising:

a second lift cable coupled to a first location of said third cab and a second motor, said
second lift cable capable of moving said third cab in response to activation of said second
motor, wherein said second lift cables do not interfere with said first lift cables during

operation.

18.  The elevator system of claim 17, wherein said second lift cable is also coupled to a
second location of said third cab, wherein during movement of the third cab, said second lift

cable moves and no portion of said second lift cable is stored.

19.  The clevator system of claim 17 further comprising:
a third lift cable coupled to a first location of said fourth cab and a third motor, said

third lift cable capable of moving said fourth cab in response to activation of said third motor,

16




WO 2012/099645 PCT/US2011/063210 L{ 7\

wherein said third lift cables do not interfere With said first lift cables or said second lift

cables during operation.

20.  The elevator system of claim 19, wherein said third lift cable is also coupled to a
second location of said fourth cab, wherein during movement of the fourth cab, said third lift

cable moves and no portion of said third lift cable is stored.

17
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