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(57) ABSTRACT

An integrally poured concrete rail guidance system enables
the elimination of traditional metal rails by pouring the
concrete rail at the same time as the hoistway is poured.
Time and expense is avoided in the construction and the
concrete rails are durable. A guidance system is also dis-
closed

6 Claims, 7 Drawing Sheets
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CONCRETE ELEVATOR RAIL AND
GUIDANCE SYSTEM

TECHNICAL FIELD

The present invention relates to a rail and guidance
system for an elevator car, and more particularly to a
concrete rail and a guidance system suitable therefor.

BACKGROUND OF THE INVENTION

Elevator cars are typically guided between a pair of
ferrous rails, such as steel, that are mounted vertically within
a hoistway of a building. Rollers mounted to the car typi-
cally contact the rails and provide the car with a proper
position within the hoistway. The rails are also used as
fail-safe braking surfaces for emergency stops. In normal
operation, the vertical motion of the elevator and all of the
arresting of that motion is caused by the hoist ropes, which
are moved upwardly and downwardly, and directed by
means of a sheave. The ropes are also connected to a
counterweight to provide mechanical advantage for moving
and stopping the elevator car. The motion of the sheave is
controlled by the elevator drive motor and the machine
brake which are mechanically coupled to the sheave.
Machine brakes typically are spring actuated into the brak-
ing position against a drum or a disk attached to the sheave,
and use electromagnets to release the brakes from the
braking position when the elevator is to move. This provides
emergency braking insofar as electrical power or electronic
signaling or an elevator safety circuit is concerned.

The steel rails of a typical elevator system are mounted to
the hoistway by a series of horizontal supports. Many
hoistways are typically comprised of concrete material and
are either slip formed or poured in sections and assembled
into a stack. The horizontal supports are subsequently
attached to the hoistway by known methods and the rails are
attached thereto using fasteners that allow the rails to be
adjusted horizontally for malalignment. The rails must be
manufactured and positioned within the hoistway to strict
tolerances to maintain ride quality and uniform safety brak-
ing. It is especially difficult to maintain the necessary
tolerances and placement of the rails as the building and
hoistway tend to move and shift independent of the rails,
such as during building compression, sway, thermal expan-
sion or earthquakes. This movement makes it difficult to
mount an elevator machine on the rails, which would allow
a machine to be placed in an elevator hoistway. Another
problem caused by rails being independent of the building is
that divider beams must be added between elevators in a
multiple hoistway or intervals that are typically 2.5 m which
is less than the normal floor-to-floor distance in an office
building. This is to provide support for the loads imposed by
elevator safety devices.

Another problem with the use of steel rails is their impact
on the environment during steel production and transporta-
tion and the difficulty in milling the rails to a standard shape
within the prescribed tolerances. For each elevator, four (4)
runs of steel rails must be provided to cover both sides of the
car and counterweight. The weight of each rail ranges from
12 kg/m to 34 kg/m and rails are provided in 5 m sections.
Another problem is worker safety because the rail sections
must be hoisted, installed and aligned up all elevator hoist-
ways.

The above mentioned rollers are a cause of unwanted
noise in higher speed elevators as the rollers are constantly
in contact with the rails and rotate at high speed and the
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friction from roller systems causes energy losses in the
elevator system. A prior art elevator system avoids this noise
by utilizing electromagnetic guides mounted to the elevator
to position the car side to side and front to back within the
hoistway. The electromagnetic guides provide a varying
amount of electromagnetic force against the ferrous rails to
position the car near the center of the hoistway while it is
traveling either up or down. Electromagnetic guides require
a significant amount of electrical power; in one example 1-2
kW is required to generate the forces necessary to maintain
the car in the center of the hoistway.

One problem with prior art rails is that elevator safeties
can damage the ferrous rails requiring expensive and time
consuming repairs, which includes re-alignment of the rails
and sometimes damage to the building after emergency
stops and tests.

It is becoming typical in composite building construction
to include a generally open rectangular concrete elevator
core for buildings. This is due, in part, to the development
of high compressive strength concrete. A common method
of constructing these cores is generally that of “slip-form”
construction where 3 to all 4 walls of a hoistway are poured
in a progressive fashion top to bottom, either by pumping the
concrete to the top of the building or by lifting hoppers to the
top and dumping concrete in the form. The form may be
jacked from a pocket in a cured section of the core below. In
lower rise buildings pre-cast sections of concrete hoistways
may be hoisted, aligned and staged in place.

In all of the prior art constructions the rails are metallic
and therefore the elevator systems suffer from the drawbacks
noted above. Alternatives to such rails therefore are desir-
able to the elevator art.

DISCLOSURE OF THE INVENTION

The present invention is a non ferrous guide rail and
elevator guide system. In accordance with the present
invention, guide rails are provided integrally with the struc-
ture of the hoistway and preferably comprise concrete
material. The rails are formed as a part of the manufacture
of the hoistway either during the slip form process or as part
of the precast process. An embodiment of the elevator guide
system of the present invention includes a plurality of air
cushions positioned on the elevator car proximate the con-
crete rails. During vertical travel of the elevator car the air
cushions are controlled to project a stream of air toward each
surface of at least one and preferably all of the rails, and at
least the car rails, and to produce a biasing force between
each rail and the car. The air is provided by a fan or other
source. The streams of air against the various surfaces
position the car within the center of each shaft the hoistway
providing a smooth and quiet ascent and descent. In one
embodiment of the present invention each of the air cushions
comprise a plurality of orifices having a seal positioned
between the car and the rail to contain or restrict the flow of
air therebetween. Another embodiment of the invention
includes a control system which comprises a variable orifice
controlled by a controller to vary the amount of air being
emitted from each individual air cushion. In another
embodiment, a controller controls the output of a fan or
other air source to vary the amount of air emitted from each
air cushion. In another embodiment a self-regulating valve
assembly regulates the air flow to each air cushion to keep
the car centered about the rail. The biasing force produced
by each air cushion is proportional to the air pressure
maintained within the air cushion. In another embodiment,
conventional rollers or pneumatic tires are included to guide
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the car or counterweight in lieu of one of these air cushion
systems, especially for the counterweight where “ride qual-
ity” is much less important.

In another embodiment of the invention, an inclined
elevator or people mover is illuminated schematically. The
system in the illustration is similar to a conventional inclined
elevator in broad review but employs concrete guide rails
that are integrally formed as in the prior discussed embodi-
ments of the invention. The inclined elevator system of the
invention employs air cushions for higher speed applications
and rollers/tires for lower speed applications.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A s a perspective view of the top of a hoistway for
an elevator system employing the present invention;

FIG. 1B is a schematic side view shown by the rails
ending short of the top of the hoistway to provide a machine
frame footing;

FIG. 2 is a cross section view of the system of FIG. 1
taken along section line 2—2 in FIG. 1;

FIG. 3 is an alternate poured rail shape;

FIG. 4 is another alternate poured rail shape;

FIG. 5 is another alternate poured rail shape;

FIG. 6 is a schematic representation of an air cushion
intended to act on the front surface and one side surface of
the concrete rail adjacent thereto;

FIG. 7 is a cross section view of one air cushion from FIG.
6 in a first position;

FIG. 8 is a cross section view of one air pad assembly
from FIG. 6 in a second position;

FIG. 9 is a schematic top cross section view of a spool
actuated air cushion for a concrete rail guide of the inven-
tion;

FIG. 10 is a schematic top cross section view of a variable
orifice valve system of the invention;

FIG. 11 is a schematic top cross section view of a variable
speed fan system of the invention;

FIG. 12 is a schematic cross section view illustrating the
back-up roller wheels for the air guide system of the
invention;

FIG. 13 is the view of FIG. 12 in an alternate position; and

FIG. 14 is an elevation view of an alternative embodiment
of the invention employed in connection with an inclined
elevator or people mover.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring to FIG. 1, a concrete hoistway 10 in accordance
with the present invention includes guide features or rails 12
formed as an integral part of the concrete hoistway or
hoistway sections when they are poured. These features or
rails 12 which for example may extend perpendicularly to
the concrete wall 14 or may be in other orientations or
configurations are a complete substitute for the prior art
metal rails and provide advantages as noted hereinabove.
The columns 16 between elevator shafts 18 within a multiple
hoistway, and the extension and shape of the other rails, may
also be used for building structural advantage, thus mini-
mizing the amount of additional material needed for elevator
rails beyond that needed for the building itself.

The invention employs the prior art concept of slip-form
construction and includes in the form the rail features to cast
the rails in concrete. This method provides a means of easily
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and quickly creating a hoistway and rail system with
extremely tight tolerances. The use of a single “mold” in
formwork systems ensures that the rail will always be
poured the same size, same distance from the other rails, and
same distance from the corewall of which it is a part. The
basic concept of slip-form construction is well known to the
art and need not be discussed here but to say that the
slip-form technique has been adapted to also create rails as
well as walls simultaneously as an integrated system.

The nature of slip-form construction keeps the distance
between concrete guides relatively equal at every floor. The
form may be adjusted so that the cross section of the rails can
be sized progressively to allow for the time-dependent effect
of hoistway compression and/or gradually lower compres-
sive strength concretes may be used as the hoistway is
poured considering the rails “could” otherwise become
slightly larger toward the bottom, given the weight of the
hoistway and building. However, this invention allows for
such variations, top vs. bottom, with a “bellows” type
arrangement for air guides, and a spring arrangement in
roller systems to maintain proximity to the rail. The nature
of slip form or “cast-in-place” systems also provides very
smooth and jointless surfaces top to bottom, as do today’s
high compressive strength concrete, formwork, and agita-
tion systems. This can be a benefit in initial construction by
reducing smoothing procedures necessary and also will
increase longevity of the elevator components; clearly rough
surfaces accelerate wear of components in contact therewith.
It should also be noted, however, that imperfections can be
smoothed or patched using portable tools and materials
albeit with some minor additional labor. Similar techniques
can also be used in smoothing joints in pre-cast hoistway
sections used in lower-rise buildings, for example.

In connection with the pouring of concrete guide rails it
is also important to note that many different shapes for the
rails are possible such as the rectangular shape of FIG. 1A;
the “T” shape of FIG. 2 and the other shapes depicted in
FIGS. 3, 4 and 5. For clarity in the drawings and although
the outer rails and center rails perform the same function, the
outer rails are labeled 12 and the center rails are labeled 16.
Virtually any cross sectional shape may be adopted for
various engineering or construction reasons such as to
equalize air forces to “center” and guide the car, and to
provide additional structured stability for the hoistway itself.
It will be noted that each of the illustrated alternate shapes
of the concrete rails of the invention provide different
surfaces upon which guides will operate and that modifica-
tion of the precise operation of the guides is necessary to use
the alternate shapes illustrated. The illustrated guides are
directed to rectangular and “T” shapes with perpendicular
and parallel guide surfaces.

In one embodiment of the invention, as illustrated in FIG.
1B rails 12 are shorter than hoistway 10 to provide footings
or tie-down supports for a machine bed plate or frame 13,
which also works to support the center rail column in
multiple hoistways in a side-to-side lateral direction.
Alternately, the concrete rail may be poured on top of a
machine and bed plate assembly mounted at the bottom of
the hoistway or “pit”, for a machine below arrangement as
is commonly known in the art.

Lateral support for car rail columns between elevators in
multiple hoistways may be best provided by conventional
steel “divider beams” or similar members at each floor level,
and installing these off a trailing work deck that is fastened
below the slip form rig in the case of “cast-in-place”
construction. Alternately, horizontal divider beams may be
poured with the vertical rail column using an auxiliary
slip-form system.
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In lieu of conventional rollers or advanced electo-
magnetic guides requiring steel or other metal rails, the
elevator system of the invention is guided in the side-to-side
and front-to-back planes with an air cushion system similar
to an Otis air cushion system used in airport automated
people mover (APM) systems for horizontal transportation.
Such an air cushion system requires very little power and
therefore is highly desirable for use in the invention. For
comparison, a 100 person APM vehicle requires only 12 kW
of blower motors to float the entire loaded vehicle, with each
air pad requiring just 10 cfm of air. Since elevators are
typically suspended and statically balanced on wire ropes, or
alternately lifted by hydraulic rams, it is not necessary to lift
or “float” the elevator car but merely to bias it to the
preferred location within the hoistway. Because the load of
the car in the lateral directions is small, the pressure on the
guides is very small. This reduces the power requirement to
desirable levels. For example, for a 225042250=4500 kg
capacity high speed double deck elevator, which is currently
considered the largest duty passenger elevator
manufactured, only 1.5 kW total might be required in order
to maintain the desired elevator car position in the hoistway.
Typical lateral guidance forces of 1,000 to 2,000 N of force
for such elevators would require an active air cushion area
of approximately 968 square cm at an air pressure of about
3 psi. The air cushion size might be approximately 15 cm by
65 cm which fits conveniently along the side of the car at the
top and bottom. For further comparison, more typical eleva-
tor sizes would involve a guidance force of only about 56
kilograms. Utilizing FIG. 2 and outer rails 12 to provide an
understanding of the location of the pads preferred for this
embodiment, a pad will be located at each of surfaces 20, 22
and 24 and it should also be noted that cushions will be
located on surfaces 26, 28 and 30 of rails 16.

A schematic positioning of two of such air cushion
assemblies 32 is illustrated on a portion of a rail 12 in FIG.
6 Each cushion is connected to a blower or pressurized fluid
(air) source (not shown) at least one orifice 34 and preferably
two orifices 34. The cushions each include an expandable
sheath or “bellows” 36 (shown in FIGS. 7 and 8) and a seal
member 38. The sheath 36 is preferably energized to remain
extended when not in contact with the column and com-
pressed by an elevator car. By limiting axial length of the
sheath 36, scal 38 is directly affected and helps to dictate the
amount of fluid pressure contained within the space 40
defined by the sheath 36 and rail 12. More particularly, when
a load is placed upon the air cushion 32, by the swaying of
an elevator car (not shown) or imbalance due to where
people are standing in the car, the cushion 32 is urged closer
to rail 12. This motion causes-seal 38 to contact rail 12 and
relatively prevent leakage of the fluid being delivered to
space 40. Conversely when no load is placed upon air
cushion 32, seal 38 moves out of contact with rail 12 and
allows a higher fluid leakage rate. The lower and higher
leakage rates stated equate to higher and lower pressure
within space 40, respectively. Sheath 36 is also collapsible,
one embodiment employing an accordion shape as
illustrated, to gently increase the pressure within space 40 to
a high enough pressure to arrest the movement of the
elevator car in that direction. Upon movement in another
direction, another of the plurality of air cushions will react
as described. The “bellows” also acts to compensate for
possible variations in the size of the rail, top vs. bottom, due
to compression of the walls if no other means is taken to
compensate for this effect of compression. In total, the air
cushion effectively and gently maintains the elevator car
centered in its shaft 18.
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The effect of air cushions on both sides of the elevator,
arranged for front-to-back and side-to-side movements, is an
equalizing or centering effect providing a very high level of
ride quality. Gate valves are provided to keep pressures
below a predetermined maximum to maintain ride quality in
terms of vibration. And by providing very little friction, the
air guidance systems generate very little noise and reduce
elevator energy consumption. The air cushions will naturally
provide a degree of positional self regulation in that as any
air cushion is pushed against the guide surface, the back
pressure between the air cushion and the concrete guide will
tend to increase, resulting in a greater force being generated
to move the air cushions away from the guide. Conversely,
as any air cushion moves away from the guide surface, the
force generated by that air cushion will decrease, allowing
the opposing air cushion to move the car back towards the
center of the shaft 18. In this manner, the air cushions
provide an inherent self regulation of the elevator car
position as the car moves in the shaft 18.

To provide more self-regulation, the invention may fur-
ther include a spool valve as illustrated in FIG. 9. Following
exposure to the foregoing, one will recognize concrete rail
12, sheath 36 and seal 38 on each side of rail 12 as shown
in FIG. 9. To supplement these portions of the invention,
feed lines 42, 44 and feedback lines 46, 48 are connected to
spool valve 50. Spool valve 50 is spring biased to center
itself in the event pressure is static and equal in feedback
lines 46 and 48. Spring biasing is accomplished preferably
by springs 52. Operably, spool valve 50 comprises housing
54 and bifurcating piston 56. The piston 56 preferably
includes two flow areas which may be biased to allow more
or less pressurized fluid from a pressurized fluid supply (not
shown) to move through valve 50 and into a selected one of
feed lines 42 or 44. The piston 56 is biased toward one side
or the other of valve housing 54 by one or the other of
feedback lines 46 or 48. On the figure, (using the terms
“upper” and “lower” and “downwardly” and “upwardly”
only for the relative positions of items in the drawing and not
to suggest any position in the device of the invention) the
upper portion of piston 56 is being urged downwardly due
to pressure supplied by feedback line 46. This pressure
originates in space 40 of the upper air cushion since car
frame 60 is urging seal 38 into contact with rail 12 in the
upper portion of the figure. The action this causes in valve
50 of piston 56 moving downwardly allows high pressure
fluid to move through valve 50 into line 44 as illustrated by
arrow 62. The effect of this fluid pathway is to further
increase fluid pressure in space 40 in the upper portion of the
figure and tend to urge the car frame 60 toward the top of the
drawing and a more centralized position in the hoistway.
Pressurized fluid does not flow into line 42 because it is
blocked by piston 56. Since additional fluid does not pass
into space 40 in the lower portion of the drawing, a low
pressure condition exists there and is conducive to car frame
60 moving in that direction toward the top of the drawing.
It should be that in a preferred embodiment of the invention
one spool valve operates each pair of front to back air
cushions and an additional spool valve operates a pair of side
to side cushions.

In another embodiment of the invention, referring to FIG.
10, regulation of pressure is accomplished by a control
system 64 interconnected with a gap sensor 66 which may
be any one of a number of conventional sensors capable of
measuring the distance between the sensor and rail 12 such
as a laser device, an acoustic device, etc. Control system 64
is further connected to a pressure regulator such as a variable
orifice valve 68 interposed between a fluid pressure source
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70 and space 40. Control system 64 is programmed to read
information from gap sensor 66 and control the size of the
orifice in orifice valve 68 to regulate the amount of pres-
surized fluid being supplied to space 40. Orifice valve 68
will be reduced in size when the rail 12 is farther from gap
sensor 66 and increased in size when the rail 12 is closer to
gap sensor 66. Preferably control system 64 is connected to
all of the air cushions used in the system so that balanced
pressures can be maintained to most efficiently center the
elevator car in a shaft of the hoistway.

In yet another embodiment of the invention, referring to
FIG. 11, a control system 72 is similar to control system 64
in that it receives information from a gap sensor 66 and
responds thereto but differs in that its programming is for
operable connection to and control of a variable speed motor
drive 74 which drives a motor 76 connected to a blower fan
78. The blower fan 78 creates the pressurized fluid supply in
space 40 and can be regulated simply by motor speed. This
embodiment does not require a remote pressurized fluid
source and the connective conduits and may be preferable to
other systems in applications where access to such remote
pressurized fluid sources is difficult.

In another aspect of the invention which may be option-
ally included, referring to FIGS. 12 and 13, are rollers acting
in concert with and as a backup for the lateral thrust of the
car air cushions 32. Backup rollers also serve to provide
limits to lateral car travel under severe conditions (also to
prevent the car from interfering with other hoistway
mounted apparatus). In these figures, the rollers 80 are
fixedly attached by a bracket 82 to a backing plate 84 which
is attached to an elevator car (not shown). Viewing the
figures sequentially provides an understanding of the action
of the rollers 80 in controlling the elevator car. In FIG. 12,
the car has moved away from the illustrated side of rail 12
and the rollers 80 are not in contact therewith. In FIG. 13,
conversely, the car has moved toward the rail 12 and the
rollers 80 are in contact with rail 12. In this position the
rollers 80 help stabilize the elevator car. In the event the car
moves more than expected in one direction, due to uneven
loading or for other reasons, the rollers will prevent the car
from contacting rail 12 which would reduce the service life
of the air cushions 32 and other components of the elevator
system.

It will also be understood that brackets 84 may be
replaced by springs or selectively actuatable devices such as
solenoids, etc., in order to provide additional resilience to
rollers 80 or to allow a selective halt of rocking movement
of the elevator car when approaching a target floor or to
reduce the size of the blower or fan, or to reduce blower
speed and/or halt blower operation when an elevator is at a
floor or approaching the same. Solenoids, for example,
extending the rollers into contact with rail 12 from all
surfaces simultaneously as the car nears a stop at the target
floor will prevent all rocking movement of the elevator car
and may therefore be desirable. Such solenoids may pref-
erably be operated by a controller to ensure simultaneous
operation. The same system could also be employed to keep
an elevator car in service in the event the air cushion system
failed. By using solenoids to draw spring loaded rollers
away from the rails, a loss of power to the solenoids will
allow the rollers to move into contact with the rails. The loss
of power may be programmed into the system directly or
initiated by a controller or simply be an actual loss of power.
The rollers may be constructed of polyurethane or similar
solid material, or may be air-inflated pneumatic tires for
smoother operation.

Such tire or roller guides may be used in a conventional
manner, although in the invention they would ride on the
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concrete rails, with no air guides, for low or medium speed
elevators where the rollers or tires will not contribute
significant noise.

While preferred embodiments have been shown and
described, various modifications and substitutions may be
made thereto without departing from the spirit and scope of
the invention. Accordingly, it is to be understood that the
present invention has been described by way of illustrations
and not limitation.

Another embodiment of the invention is illustrated in
FIG. 14. An inclined elevator or people mover system 90 is
supported upon a concrete rail system 92 which preferably
is constructed integrally with the hoistway 94. Elevator car
96 is a conventional type of car used in conjunction with
inclined elevators or people movers but preferably is modi-
fied at its guides to be either a roller/tire arrangement (not
shown) for low speed applications or air cushions 98 for
higher speed applications. In lower speed applications, a
roller or tire guide system is sufficient to provide excellent
ride quality while the air cushion system would be preferred
for higher speed applications because passengers in the
elevator car 96 would be able to feel bumps through rollers
or tires at higher speeds. The air cushions 98 preferably are
as in the embodiments described hereinbefore. One will
notice that in the illustration, counterweight 100 is provided
with tire guides 102 as opposed to air guides. The air guides
may of course be substituted here but are more expensive
and since most inclined elevator systems move slowly, tire
guides 102 should be sufficient for the counterweight 100
even if air guides 98 are preferred on car 96.

In other respects the inclined elevator system 90 is as it
would be in the prior art including machine and sheave
assembly 104 and rope 106. Preferably and in accordance
with an important aspect of the invention discussed relative
to the foregoing embodiments, the concrete rail 92 is ended
short of the top of the hoistway 94 to allow the concrete rail
to also provide a footing or tie down point 110 to support and
anchor the machine and sheave assembly 104.

While preferred embodiments have been shown and
described, various modifications and substitutions may be
made thereto without departing from the spirit and scope of
the invention. Accordingly, it is to be understood that the
present invention has been described by way of illustration
and not limitation.

What is claimed is:

1. An elevator system comprising:

a wall structure defining an elongated hoistway;

a plurality of guide rails disposed on said wall structure;

an elevator car disposed within said hoistway and mov-
able longitudinally therewithin;

a first air cushion, disposed on said elevator car interme-
diate the car and one guide surface of one of said
plurality of guide rails, for positioning said car laterally
with respect to said one guide surface;

a second air cushion disposed on said elevator car inter-
mediate the car and an other guide surface of said one
guide rail, wherein said first air cushion is arranged
opposite said one surface of said one guide rail and said
second air cushion is arranged opposite said other guide
surface of said one guide rail; and

wherein the first and second air cushions are each fluidly
connected to a common spool valve, said spool valve
supplying pressurized air selectively to each of the first
and second air cushions.

2. The elevator system as recited in claim 1, wherein said
spool valve is automatically responsive to pressure within
each of the air cushions to which it is connected, and directs
pressurized air to the air cushion having a higher pressure.
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3. The elevator system as recited in claim 1, wherein said
system further includes

a proximity sensor;

a controller in communication with said proximity sensor;
and

a pressure regulator disclose to said controller directing
said regulator in response to signals provided by said
proximity sensor.

10

4. The elevator system as recited in claim 3, wherein said
pressure regulator is a valve connected to a pressurized air
source.

5. The elevator system as recited in claim 4, wherein said
valve is a variable orifice valve.

6. The elevator system as recited in claim 3, wherein said
pressure regulator is a fan.

#* * * * #*



