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Description
BACKGROUND OF THE INVENTION

[0001] Rapid mass ground transportation systems of-
fer many benefits over non-mass transportation means
such as the use of automobiles, particularly in metropol-
itan areas experiencing severe traffic congestion and pol-
lution problems. Mass ground transportation may also
be a desirable alternative for short-range as well as long-
range air travel. Although there has been a general rec-
ognition of the need for a reliable, safe rapid transporta-
tion system, utilization of rapid transit systems has been
hindered by the high cost of construction and operation
as well as technical difficulties in developing an efficient
and versatile light rail system.

[0002] Conventional approaches have not produced a
light rail transportation system that is sufficiently versa-
tile, efficient and cost-effective to be a feasible substitute
for non-mass transportation and air travel alternatives.
Forinstance, some so-called light rail systems have rath-
er heavy transportation modules due to the use of heavy
undercarriage or a heavy power system, high traction
requirements, high on-board fuel requirements, or the
like. Systems that rely on traction drives tend to have
difficulty with steep grades. Moreover, external elements
such as severe weather conditions and contaminations
can pose substantial difficulty in the operation and main-
tenance of light rail systems. Additionally, traction drive
mechanisms employing wheels tend to produce a lot of
noise as well as wear.

[0003] The present inventor's U.S. patent 6,360,670
B1 overcomes some of these difficulties and disadvan-
tages in an efficient and cost-effective light rail transpor-
tation system that uses a guideway system that does not
depend on traction for movement. In a specific embodi-
mentdisclosed in that patent, the pod assembly is placed
inside a guide tube, the exterior of which preferably sup-
ports and guides the vehicle as it moves along the tube.
Motion is generated by providing a pressure differential
inside the tube between the upstream region and the
downstream region of the pod assembly. The pressure
differential can be generated by a stationary power sys-
tem that produces a vacuum on the downstream region
or pressurizes the upstream region or both. The speed
of the pod assembly is controlled by modulating the
amount of gas flow through the pod, that is, from the
upstream side to the downstream side of the pod The
speed of the pod assembly is increased by reducing the
amount of gas flow through the pod assembly to thereby
increase the thrust on it, and is decreased by permitting
a larger amount of gas to flow past the pod assembly to
decrease the thrust.

[0004] Because the thrust required to move the pod
assembly is generated by stationary power systems, the
vehicle does not require heavy on-board engines or drive
trains. The pod assembly and guide tube are relatively
light in weight and are well-suited for use in a light rail
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system. The guide tube can be elevated because of the
light overall weight of the system, reducing right-of-way
costs. When elevated, grading costs and requirements
are significantly reduced.

[0005] In that earlier patent, a magnetic coupling ap-
paratus is used to couple the pod assembly inside the
guide tube with the transportation module outside the
guide tube. The use of a magnetic coupling apparatus
eliminates the need to mechanically connect the pod as-
sembly and the transportation module with a strut that
would otherwise have to extend through a longitudinal
opening in the wall of the guide tube. This allows the
interior of the guide tube to be a closed system and avoids
the need for a seal assembly for maintaining a desired
pressure differential in the guide tube as the strut moves
through the longitudinal opening of the guide tube, there-
by improving mechanical integrity and pressure integrity
ofthe system. Moreover, the use of the magnetic coupling
apparatus instead of a mechanical coupling device
makes it easier to clean the exterior of the guide tube
and coupling apparatus or clear those areas of debris
such as the removal of ice and snow. Magnetic coupling
also allows disengagement of the pod assembly and
transportation module without any mechanical linkage or
disengagement. Because the transportation module is
supported by the exterior surface of the guide tube, the
weight of the transportation module is not carried by the
pod assembly.

[0006] Although the transportation systems disclosed
in U.S. patent 6,360,670 B1, as well as in related U.S.
patent 6,279,485 and in U.S. patent 6,267,058 provide
important advances for elevated rail transportation tech-
nology, actual tests and theoretical evaluations have
shown that some of the components of the system which
is the subject of these earlier U.S. patents have certain
disadvantages such as, for example, excessive wear or
friction, maintenance problems, and the like. The present
invention seeks to overcome these disadvantages by a
propulsion unit with the features of claim 1 and provides
the improvements discussed below.

[0007] US 6,178,892 B1 discloses a propulsion unit for
moving a vehicle along an elongated power tube having
an interior adapted to be selectively pressurized and an
exterior along which a vehicle travels, the propulsion unit
comprising a thrust carriage, the thrust carriage compris-
ing amain body, firstand second wheels rotatably mount-
edtoafirstside of the body, atleast a third wheel rotatably
mounted to the body on a second side of the body, and
a coupler for coupling the thrust assembly to the vehicle.

BRIEF SUMMARY OF THE INVENTION

[0008] A first aspect of the invention improves the el-
evated, tubular guidance and power track by providing
interior rails for the main thrust or propulsion unit, also
sometimes referred to as otter assembly. The interior
rails preferably are round metal, e.g. steel, bars arranged
in substantial alignment with a horizontal center line of
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the power tube that are engaged by grooved wheels of
the unit, thereby leaving a bottom of the power tube clear
of obstructions. This facilitates the cleaning of the interior
of the power tube, including, when necessary, the inter-
mittent removal of substances such as water, lubricants
and/or debris that may accumulate at the bottom thereof.
It further facilitates making needed vacuum and/or pres-
sure connections from the exterior to the interior of the
tube, mounting and maintaining isolation valves, and the
like. Moreover, by mounting the thrust unit on wheels
inside the tube, wear, as encountered with the tubular
thrust pods employed in the system described in the
above-referenced patents, is greatly reduced if not elim-
inated. Additionally, the interior rails strengthen the pow-
er tube and render it more rigid, which permits the tubes
to be made lighter, thereby saving costs.

[0009] On the exterior, the power tube carries guid-
ance and support tracks for a transportation module,
such as a passenger cabin or cargo wagon, in the form
of conventional, 90° metal angles made of steel or similar
high strength materials, which are directly mounted to
the ground-based support structure for the power tube.
As a result, the power tube need not carry the weight of
the transportation module. Moreover, the right-angled
track greatly simplifies guiding the module as it travels
along the power tube, as is further described below.
[0010] Another aspect of the present invention relates
to the configuration and functioning of the propulsion unit.
It employs a generally horizontally oriented thrust car-
riage that is disposed in a horizontal mid-portion of the
power tube and includes horizontal, V-grooved wheels
that engage and run along the interior rails of the power
tube for guidance and weight support. In a preferred em-
bodiment, the thrust carriage has two wheels engaging
one of the interior rails and a single wheel, disposed mid-
way between the two wheels, which is spring-biased into
engagement with the other interior rail of the power tube.
Although this arrangement is preferred, if desired, the
two spring-biased wheels can be provided as well. A gen-
erally fan-shaped thrust valve defined by a multiplicity of
thrust blades arranged in an umbrella-like fashion, also
sometimes referred to as "turkey valve" because of its
fan-shaped configuration, is attached to the carriage of
the propulsion unit and extends therefrom in the travel
direction of the unit. Since such fan-shaped thrust valves
are much more effective in one direction than the other,
as is further described below, the interior carriage pref-
erably has two such valves, one extending in each travel
direction from the carriage to provide full thrust for the
propulsion unit in either direction.

[0011] The carriage additionally mounts a magnetic
coupler for interacting with a corresponding magnetic
coupler carried by the transportation module. Since the
interior rails engaged by the grooved wheels of the car-
riage assembly provide highly accurate guidance for the
carriage and, therefore, maintain itin the desired position
relative to the tube during standstill as well as travel, the
stand-off, or spacing, between the active components of
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the magnetic coupler and the power tube can be mini-
mized. This in turn enhances the effectiveness of the
magnetic coupler.

[0012] The construction of the earlier mentioned turkey
valve is a further aspect of the present invention. It has
multiple, fan-shaped, tapered, elongated feathers or
thrust blades, the small ends of which are attached to a
rigid, cup-shaped body of the valve that is connected to
the carriage of the propulsion unit so that the free ends
of the blades extend past the open end of the cup. Suit-
able linear actuators, such as hydraulic, pneumatic, mag-
netic or mechanical (e.g. gear) actuators, extend the
thrust blades out of or retract them into the cup-shaped
body. In this manner, the free ends of the blades can be
radially expanded into or out of contact with the interior
surface of the power tube. When extended and in en-
gagement with the power tube wall, the extended blades
form an umbrella-shaped wall (defining concave and con-
vex wall surfaces) across the entire diameter of the power
tube. As a result, when the air pressure on the concave
side of this wall is greater than on the convex side, a
thrust is generated that is transmitted via the thrust car-
riage and the magnetic coupler to the transportation ve-
hicle on the outside of the power tube.

[0013] In a preferred embodiment of the invention, the
thrust blades are made of a flexibly resilient metallic, e.qg.
wire, frame to which a plastic, e.g. neoprene, sheet is
applied. When the blades are extended outwardly from
the valve body, the free ends of the blades can be brought
into contact with the interior of the power tube, while the
blades together form a generally concave, frusto-conical
surface in the thrust direction of the valve. Such blades
are capable of operating at a pressure differential of up
to about 2.068 bar (30 psi) and more which generates
ample force for moving vehicles in a forward direction at
maximum power and/or speed. By increasing or decreas-
ing the diameter of the power tube and/or the air pressure
applied to one side of the thrust valve, the overall power
and/or speed that can be attained can be adjusted for
the anticipated operating conditions. Power and speed
can be modulated by energizing the linear activator for
the valve to slightly retract the blades from their contact
with the interior of the power tube to reduce the power
and/or speed by permitting air to bypass the valve
through the resulting annular gap between the power
tube and the free (and partially extended) ends of the
thrust blades and/or by changing the air pressure applied
to the interior of the power tube.

[0014] Since the thrust blades of the turkey valve need
not carry any weight, and they in turn are guided through
the power tube by the carriage running along the interior
tracks, a low-friction seal between the thrust blades and
the power tube is formed and maintained as the vehicle
travels along the tube. This reduces wear of both the
thrust blade and the power tube. In addition, the provision
of individual thrust blades makes it easier for the blades
to adapt to and follow dimensional irregularities of the
thrust tube while maintaining the desired seal to maxi-
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mize the efficiency of the power transmission resulting
from the pressure differential between the power side
and the downstream side of the valve. The resilient flex-
ibility of the individual blades allows them to conform
themselves to slight dimensional and/or shape changes
over the length of the power tube while maintaining the
desired seal between the valve blades and the tube.
[0015] A still further aspect of the present invention
relates to the support and guidance of the transportation
vehicle. Instead of supporting and guiding it on the exte-
rior of the power tube as suggested in the past, two
spaced-apart, parallel tracks made of conventional 90°
metal, e.g. steel, angles are attached to and carried by
the ground-based support for the power tube. As a result,
the weight of the transportation module does not have to
be carried by the power tube, and power tube deflections
under the vehicle, which could adversely affect the thrust
generation by the propulsion unit, are prevented.
[0016] The upper end of the upright leg of the angle
track preferably has a keeper rail, which extends toward
the side of the track that is in contact with the wheels of
the vehicle. It acts as a retainer that keeps the inclined
wheels in the track without generating the friction as is
encountered with conventional, rimmed (e.g. railway)
wheels.

[0017] The wheels of the vehicle are inclined at a pre-
ferred angle of 45°. In this manner, the wheels are sym-
metric relative to the sides of the angle tracks. As aresult,
the wheels can be smooth and do not require the rims
needed for conventional rails. This in turn eliminates dif-
ferential speeds between different portions of the wheel
and the track, thereby reducing wear as well as opera-
tional noise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 is a cross-sectional, elevational view of
an elevated rail transport system employing a power tube
constructed in accordance with the presentinvention and
provided with interior support rails and exterior vehicle
tracks constructed in accordance with the invention;
[0019] Fig. 1A is a fragmentary view, partially in sec-
tion, and illustrates the overall arrangement and con-
struction of the elevated rail transport system of the
present invention;

[0020] Fig.2is afragmentary, enlarged cross-section-
al view and shows the mounting of the interior rails to the
interior of the power tube of the system;

[0021] Fig.3isaplanview of a fan-shaped thrust blade
employed in the thrust valve of the present invention;
[0022] Fig. 3A is a fragmentary, sectional elevational
view of a portion of the thrust or turkey valve of the present
invention;

[0023] Figs. 4A and 4B show the thrust valve of the
present invention in its fully extended and retracted po-
sitions, respectively;

[0024] Fig. 5A is a cross-sectional plan view through
the power tube and shows the propulsion unit that is guid-
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ed along the interior rails of the power tube;

[0025] Fig. 5B is a side elevational view of the propul-
sion unit shown in Fig. 5A;

[0026] Fig. 6 schematically shows two propulsion
units, effective in opposite travel directions, connected
to additional carriages disposed inside the power tube
for use with long and/or multi-sectional vehicles running
along the power tube;

[0027] Fig. 7 is a fragmentary, cross-sectional view
which shows the exterior track for guiding the vehicle;
[0028] Fig. 8A is a plan view of an undercarriage for
the vehicle which engages and runs along the exterior
track shown in Fig. 7; and

[0029] Fig. 8B is a fragmentary, front elevational view
of an upper portion of a power tube and further illustrates
the construction of the undercarriage for the vehicle and
its support and guidance by the exterior tracks.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Referring first to Fig. 1A, a light rail transporta-
tion system constructed in accordance with the present
invention includes an elongated power tube 2 which is
suitably supported above ground, as is further described
below. On its lateral sides proximate the top of the tube
are a pair of parallel, spaced-apart angle tracks 4, the
included angle of which faces outwardly relative to the
power tube in the preferred embodiment of the invention,
and which receive, support and guide wheels (not sep-
arately shown in Fig. 1A) carried on spaced-apart, e.g.
forward and aft, undercarriages 6, 8, which in turn sup-
port, carry and guide a transportation vehicle 10 such as
an illustrated passenger cabin or cargo wagon (not
shown).

[0031] Inside the power tube and preferably aligned
with the horizontal axis of the tube are opposing interior
rails 12, in the form of elongated round bars attached to
the power tube which extend over its length. First and
second propulsion units 15, 17 are disposed inside the
power tube. Wheels 38 and 40 (not shown in Fig. 1A)
engage the interior rails to support the carriage in a sus-
pended position at about the center of the power tube
and guide them as they move along the tube.

[0032] A thrust valve 18 is attached to each carriage
and projects forwardly and rearwardly relative to the trav-
el direction from power carriages 14, 16, respectively.
When the thrust valve is in its expanded position (left-
hand propulsion unit in Fig. 1A), it forms a valve wall 30
across the entire interior of the power tube. A positive
pressure differential between the concave inner side (fac-
ing the associated power carriage) and the convex outer
side (facing in the travel direction and away from the pow-
er carriage) of wall 30 provides the thrust or force which
propels the power carriage in a forward direction. During
this stage, the second thrust valve 20 attached to aft pow-
er carriage 16 is retracted so that the valve 18 does not
resist movement of the carriage in the forward direction.
[0033] Vehicle 10, illustrated as a passenger-carrying
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cabin, is force-coupled to the forward and aft thrust car-
riages 14, 16 with magnetic couplers 22 defined by an
inner magnetic element 24 carried by the respective car-
riages and an outer magnetic element 26 secured to the
corresponding undercarriages 6, 8 for the cabin and
aligned with the inner magnet element. Electric power is
suitably applied to the magnetic coupler so that magnetic
forces generated between the magnetic element force-
couple the power carriages to the cabin undercarriages.
For this purpose, a non-magnetic window strip 28 is part
of and extends over the length of the power tube and
defines the top portion of the tube.

[0034] Inuse, the cabin 10 and thrust carriages 14, 16
are aligned, and magnetic coupler 22 is energized to
magnetically lock the carriages and the cabin to each
other, thereby forming a unitary transportation module
capable of traveling along level and inclined sections of
the power tube. To initiate movement in the forward di-
rection (to the left as seen in Fig. 1A), the forward thrust
valve 18 is opened by expanding individual blades 86 of
the thrust valve (further described below) so that they
flare outwardly until their free, outer edges engage the
interior wall of the power tube. Thereafter, air pressure
from a source 32 applied to the interior of the power tube
acts on the aft-facing surface of wall 30 of the opened
forward thrust valve. The resulting pressure differential
between the upstream and downstream sides of the
valve generates a force which propels the transportation
module in a forward direction. By increasing the pressure
applied to the interior of the tube, the force generated by
the power valve can be increased, thereby increasing
the speed with which the power module travels along the
power tube and/or enabling it to move along an upwardly
inclined section of the power tube.

[0035] The force generated by the thrust valve can be
enhanced by applying a vacuum to the interior of the tube
forward of the power valve. In such an event, appropriate,
remotely controlled switching is provided to sequentially
activate and deactivate the pressure source and vacuum
source as the valve travels along the power tube. Speed
can further be modulated by slightly retracting wall 30 of
the power valve, which permits some air to bypass the
power valve and thereby decreases the forward acting
force generated by the valve.

[0036] Movement of the transportation module can be
reversed by expanding the aft thrust valve 20 and corre-
spondingly retracting the front thrust valve 18. Activation
of the aft thrust valve can also be used to assist in rapidly
braking the module to slow it down and/or bring it to a
standstill as it moves in the forward direction, which can
include reversing the effective positions of the pressure
and vacuum sources and their connections to the power
tube.

[0037] Referring to Figs. 1, 2, 5A and 5B, each of the
power carriages 14, 16 of propulsion units 15, 17 is
formed by a pair of spaced-apart, flat plates 36 which are
suitably secured, e.g. bolted, together and are sized so
that they span a substantial portion of the horizontal width
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of the power tube in its horizontal center but remain
spaced from the power tube walls. A pair of spaced-apart,
horizontally oriented V-grooved wheels 38 are rotatably
journaled on one side and between plates 36. A third
horizontal V-grooved wheel 40 is rotatably mounted at
the side of carriage plates 36 opposite from wheels 38
on alever 42, one end of which is pivotable about a pivot
pin 44 and the other end is biased outwardly towards the
inner wall of the power tube, preferably by a spring 46,
but the other biasing devices such as pneumatically or
magnetically powered pressure devices can be used if
desired.

[0038] The power carriage is installed inside the power
tube by initially compressing spring 46 to retract the V-
grooved wheel 40. Wheels 38, 40 are horizontally aligned
with interior rails 12 of the power tube. Spring 46 is then
released, which biases wheel 40 carried on pivoting lever
42 outwardly, towards the wall of the power tube, until all
three wheels engage the interior rails 12. Once installed,
the wheels support the carriage on the interior rails and
it can freely move along the interior rails. Since the third
wheel 40 is spring-biased against the interior rail, slight
dimensional variations or changes in the spacing be-
tween the interior rails are readily accommodated be-
cause spring 46 and lever 42 resiliently press the wheel
outwardly against the rail.

[0039] Asis best seenin Figs. 1 and 2, power tube 2
is carried above ground by a support structure 48 in the
form of intermittently spaced, upwardly open, generally
U-shaped frames 50 which are conventionally anchored
to the ground, e.g. with foundations built into the ground.
The frame has uprights 52 which terminate short of, that
is, below, the top of the power tube and above the bulk-
head-like cradles 51 that extend to or slightly above the
horizontal center line of the power tube and that secure
and support a portion of the circumference of power tube
2.

[0040] The interior rails 12 can be attached directly to
the inside of the tube, for example by welding them there-
to. In a preferred embodiment, however, the interior rails
are secured directly to uprights 52 of the support frame
with bolts 54 that extend from the upright past bushings
or spacers 56 and through holes in the power tube so
thatthe bolts can be directly threaded into threaded bores
58 of the interior rails. To facilitate mounting of the interior
rails and enhance their stability, the sides of the rails fac-
ing the interior wall of the power tube are flattened or
contoured to conform to the curvature of the tube wall as
is shown in Fig. 2. To prevent air leakage through the
holes in the tube sealing washers, a sealing compound
or the like is suitably applied to the holes.

[0041] Thus, in the preferred embodiment the interior
rails 12 are firmly secured to frame uprights 52 to provide
a rigid interior rail that supports and guides the grooved
wheels 38, 40 of the thrust carriages 14, 16 as they travel
over the length of the tube.

[0042] Referringto Figs. 1A, 4A, 4B and 5A, 5B, thrust
valves 18, 20 are attached to respective thrust carriages
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14, 16. For that purpose, a mounting channel 60 is suit-
ably secured to the under side of the lower plate 36 of
the carriage so that it projects in the forward direction of
carriage 14 (or rearward direction of carriage 16). A hy-
draulic actuator 62 is secured to the carriage; e.g. it is
bolted to the mounting channel. Piston rod 64 of the ac-
tuator extends forwardly and has a threaded end 66
which extends through a bore in a base plate 68 of a
cylindrical cup 70 that has walls which end in a tapered
edge 72. Cup 70 is secured to piston rod 64 with a nut
74. Hydraulic feed and return lines 76, 78, remotely con-
trolled from cabin 10, provide hydraulic actuating fluid to
the actuator so that the piston can be extended forwardly
(Fig. 4A) or retracted rearwardly (Fig. 4B). The hydraulic
cylinder and cup 70 are coaxial with center line 80 of the
power tube so that the valve can be expanded into uni-
form contact with the inner surface of the power tube.
[0043] A circular holding plate 82 is concentric with re-
spect to hydraulic actuator 62, and bolts 84 suitably se-
cure it to the actuator, or to any other available compo-
nent of thrust carriage 14. The peripheral surface 83 of
the holding plate is angularly inclined relative to center
line 80 and converges in a forward direction. A plurality
of fan-shaped blades or feathers 86 are attached to the
peripheral surface of the holding plate, preferably with
bolts, but rivets, welding them to the holding plate, or
other suitable securing devices, including for example
bonding materials, can be used if desired.

[0044] As is best seen in Figs. 3 and 3A, each blade
86 is defined by a resiliently flexible, e.g. metal, wire or
rod frame 88 to which a sheet 90 of an air-impervious
material, such as plastic, neoprene or another material
that has a relatively low coefficient of friction with respect
to metal, is suitably secured, for example by bonding,
welding or clamping. The blade frame 88, and therewith
the entire blade 86, diverges from a narrow (forward) end
92 towards the other free (rear) end 94, which is sub-
stantially wider than the forward end. To enhance the
formation of a seal between the blades and the power
tube, the free ends 94 of the blades can be curved to
conform them to the curvature of the tube.

[0045] Amultiplicity of blades 88 are secured to holding
plate 82 so that the blades, together, define the resilient
outwardly diverging frusto-conical wall 30 having a con-
vex front side facing in the travel direction of the propul-
sion unit and a correspondingly convex rear side facing
in the opposite direction.

[0046] When hydraulic actuator 62 is in its retracted
position (Fig. 4B), the cylindrical wall 71 of cup 70 resil-
iently compresses the blades radially inward (towards
center line 80 of the power tube). As a result, a bypass
channel 97 is formed between cup 70 and the surround-
ing power tube 2 through which air (or any other fluid
medium) can freely pass so that no appreciable force
can be generated by the valve.

[0047] When hydraulic actuator 62 is extended (Fig.
4A), cup 70 is moved forwardly (with respect to forward
thrust carriage 14). As a result, blades 86 are free to
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expand outwardly as a result of the resiliency of blade
frames 88 until the free, wide ends 94 of the blades extend
at an inclined angle sufficiently radially outwardly that
they engage the inside of power tube 2. A frusto-conical
and somewhat resilient wall 96 is thereby formed that
extends over the entire inside cross-section of the power
tube and separates the aft side of the frusto-conical wall
from the front side thereof. When there is a positive pres-
sure differential between the aft and front sides of the
frusto-conical wall, a force acts on the wall in a forward
direction (to the left as seen in Fig. 4A), which is trans-
mitted via holding plate 82 to thrust carriage 14 and pro-
vides the desired forward thrust for moving the carriage
(and the cabin attached thereto) in a forward direction.
The magnitude of the force generated thereby, and the
resulting speed with which the carriage will move forward,
is a function of the pressure differential between the two
sides of the frusto-conical wall and the inclination, if any,
of the power tube. The pressure differential can be mod-
ulated to increase or decrease the force as needed.
[0048] Asis bestseen in Fig. 4A, the tapered edge 72
at the end of cylindrical cup wall 71 provides support to
the expanded valve blades and prevents them from
bending or other deformation under pressure differen-
tials. To provide good support, the diameter of cup wall
71 is about two-thirds of the diameter of the power tube.
[0049] The individual blades 86 flare outwardly from
inner end 92 to outer end 94, and they are shaped so
that when they are in their expanded position (Fig. 4A)
they overlap each other to avoid gaps between them
through which air could escape.

[0050] To further prevent air leakage past the overlap-
ping blades 86 when they are in their expanded position,
a frusto-conical skirt 100 made of a flexible material such
as neoprene or other flexible plastic can be properly fitted
and attached to the concave inside of the blades, as is
shown in Fig. 3A, for example by attaching it to at least
some of the overlapping blades. When the blades are in
their retracted position, the skirt will fold, as is illustrated
in Fig. 3A. Conversely, when the blades are fully expand-
ed, the skirt has sufficient material to permit such a blade
expansion. At the same time, the skirt provides additional
sealing to more positively prevent leakage of air between
the overlapping blades.

[0051] In use, when it is desired to move the power
carriage in a forward direction (to the left as seen in Fig.
4A), piston rod 64 is extended until the free ends 94 of
blades 86 sealingly contact the inner wall of power tube
2. Air pressure is then applied to the back side of the
frusto-conical wall formed by the blades to generate the
force that propels the thrust valve, the thrust carriage 14
attached thereto, and cabin 10 coupled to the carriages
in a forward direction. The power tube has appropriately
valved air inlets (one such inlet 98 is shown in Fig. 1A)
which are coupled to the interior of power tube 2 atregular
intervals and which are suitably remotely controlled and
regulated to apply atmospheric or pressurized air to the
inside of the power tube once the expanded blades 86
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of the thrust valve have passed the inlet, to maintain the
pressure differential across the frusto-conical valve wall
96 and continue generating the force that moves the
thrust carriage forwardly.

[0052] Thrust valve 20 attached to aft thrust carriage
16 is constructed in the same manner as thrust valve 18
attached to the front carriage, but is oriented oppositely
to the valve at the front carriage. As a result, the aft car-
riage, and the cabin and front carriage coupled thereto,
can be moved in the opposite direction (to the right as
seen in Fig. 4A) by retracting the piston rod at the front
carriage and extending the piston rod of the actuator on
the aft carriage until its blades engage the inside of the
power tube.

[0053] A particular advantage attained with the thrust
valve of the present invention is that the free ends 94 of
the blades are resiliently flexible so that they can readily
conform to surface and/or shape irregularities of the in-
side of the power tube without leading to appreciable
leakages past the expanded blades. Additionally, during
use, low-friction surface coatings, lubricants and the like
can be applied to the inside surfaces of the power tube
to reduce wear and friction between the tube and the
expanded valve blades while maintaining a good seal to
prevent undesired air leakage past them.

[0054] As mentioned, thrust carriages 14, 16 are cou-
pled to cabin 6 with magnetic coupler 22. Magnetic ele-
ments 24 of the coupler attached to thrust carriages 14,
16 can be brought into close physical proximity to non-
magnetic window strip 28 in power tube 2, because the
interior rails 12 engaged by the V-grooved wheels 38, 40
of the power carriage provide highly accurate and dimen-
sionally stable guidance for the thrust carriages so that
the spacing or stand-off between the top surface of the
magnetic element and the inside of the non-magnetic
window strip can be kept small. This in turn enhances
the effectiveness of the magnetic coupling to magnetic
element 26 carried by the undercarriages 6, 8 of cabin 10.
[0055] Referring to Figs. 1, 7 and 8A, 8B, cabin 10 is
carried by and runs on forward and aft undercarriages 6,
8 constructed of non-magnetic material, such as alumi-
num or titanium, for example, which are best shown in
Figs. 8A, 8B. Each undercarriage has a frame 102 de-
fined by forward and aft end plates 104, 118 which are
tied together with a plurality of tie rods 108. Aligned with
the longitudinal center line of the carriage is a pocket 110
constructed of non-metallic material into which magnetic
element 26 of the cabin is placed for positioning it closely
adjacent the outer periphery of non-magnetic window
strip 28 in power tube 2.

[0056] Shafts 112 (see Fig. 8B) protrude from each
lateral end of the respective forward and aft end plates
104, 106 at an angle of 45° and rotatably mount cabin
carrying and guiding wheels 114. The wheels are rotat-
able about axes inclined 45° from the horizontal, and their
peripheries restand engage the open side of angle tracks
4. Akeeperbar 116, which may be attached to the upright
leg of the angle tracks, or can be integrally formed there-
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with, keeps the wheels in their inclined position in the
tracks and prevents them from rising in the track. In other
words, the keeper bars assure that the wheels remain at
all times properly positioned on the angle tracks. Since
the wheels only support and guide the cabin, but are not
needed to propel the cabin along the power tube, they
can be constructed to minimize friction. In a preferred
embodiment, the wheel peripheries are rounded so that
they simultaneously engage a portion of the surface of
each leg of the angle tracks.

[0057] This has a number of advantages. Unlike
wheels for ordinary rail cars, they need not be flanged.
Moreover, the relative speed between the peripheral por-
tions of the wheel in contact with the respective legs of
the angle tracks is the same, which eliminates all but
rolling friction. Friction, wear and noise generated by the
wheels, particularly when negotiating curves, are low,
particularly when compared to noise, friction and wear
encountered with conventional flanged rail car wheels.
In addition, the wheels can be constructed of a variety of
materials, including metals, plastics and even pneumatic
tires. Moreover, the wheels are equally effective when
traveling along straight sections of the power tube or
when negotiating curves. Finally, if desired, instead of
wheels, the undercarriage can be supported on low-fric-
tion sliding shoes (not shown) which slidably engage the
track.

[0058] In the preferred embodiment of the invention,
one of the set of wheels 114, e.g. the ones carried by
end plate 106, can be pivotally attached to mounting plate
118 (see Fig. 8A) with a suitable pivot connection 120.
The resulting articulation enables all wheels to stay in
track contact during planar changes of the individual rails
(e.g. when entering a banked section of the rails) or other
dimensional and/or shape irregularities in the rails.
[0059] Undercarriages 6, 8 are in turn suitably con-
nected to cabin 10 in a manner that is well known in the
art and, therefore, is not further described herein. Need-
less to say, the connection between the undercarriages
and the cabin is such that some relative pivotal motion
between the undercarriages and the cabin is possible for
negotiating curves, particularly sharp curves with a rela-
tively small radius.

[0060] Turning now to the overall operation of the im-
proved elevated rail system of the present invention, a
complete transportation module is assembled by attach-
ing to the under side of cabin 10 forward and aft under-
carriages 6, 8 in the manner described above. The cabin,
including the carriages, can be lifted and placed in oper-
ative position by engaging the angle tracks 4 with under-
carriage wheels 114 so that the wheels support the car-
riage and permit it to travel along the angle tracks. Since
the angle tracks are carried by support structure 48 for
the power tube, and do not apply a load to the power
tube itself, the power tube can be of relatively lighter con-
struction because it does not have to carry the payload.
Moreover, the power tube will not undergo deformation
when a cabin passes over it due to the weight of the latter.
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As a result, the power tube will substantially retain its
cross-sectional shape and dimension, typically a circu-
larly round shape, although other cross-sectional shapes
for the tube can be selected should that be desirable.
[0061] Atleast two power carriages 14, 16 will next be
inserted into the interior of the power tube, for example
through an open-ended installation tube (not shown in
the drawings), by engaging the round interior rails 12 with
the V-grooved wheels 38, 40 of thrust carriages 14, 16.
The thrust carriages are aligned with the cabin on the
exterior of the power tube so that the respective magnetic
elements 24, 26 on the thrust carriages and the cabin
are in mutual alignment. It is presently preferred to use
permanent magnets for magnetic elements 24, 26 for
both weight and space savings due to the magnets’ high
strength. However, if desired, electromagnetic elements
can be used. In such an event, electric cables and con-
trols for supplying current to the magnetic elements and
controlling the current flow are installed and connected
as is well known to those skilled in the art. In any event,
the thrust carriages 14, 16 become magnetically locked
and secured to the undercarriages 6, 8 of cabin 10.
[0062] Next, the relative spacing between magnetic el-
ements 24, 26 and non-magnetic window strip 28 in pow-
ertube 2is adjusted by raising and lowering, respectively,
the elements with suitable adjustment devices (not
shown) so that their surfaces facing the power tube are
as close as possible to the non-magnetic window without
actually touching it. Since the power tube is not subject
to deformation due to the weight of the passing cabin,
and the power carriages 14, 16 are accurately guided
along interior tracks 12 by the V-grooved wheels of the
power carriages, the anticipated variations in the actual
spacing between the magnetic elements and the non-
magnetic window strip will be small. As a result, the ad-
justed spacing between the magnetic surfaces and the
non-magnetic window of the power tube can be held
small, typically in the vicinity of no more than a few mil-
limeters, to enhance the efficiency of the magnetic cou-
plings.

[0063] To move the transportation module forward (or
aft), pressurized air from source 32 is introduced into the
power tube via inlet 98. The thrust valve located on the
carriage facing in the desired direction of movement is
expanded by energizing the associated hydraulic actua-
tor 62 to open valve blade 86 until their ends touch the
inner surface of the power tube. As a result, pressure
builds up on the concave side of the opened thrust valve,
which generates thrust in a forward direction, causing
the valve and therewith the thrust carriage attached
thereto to move in a forward direction. This forward move-
ment of the thrust carriage is transmitted to cabin 10 via
magnetic coupler 22. Accordingly, the entire transporta-
tion module begins to move in a forward direction.
[0064] Maximum thrust and/or the speed of the power
carriage is attained when the thrust valve is fully open
and forms wall 30, 96. If desired, thrust can be increased
by increasing the pressure of the air from source 32 via
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suitable valves and controls which are not separately de-
scribed herein. In a preferred embodiment, greater thrust
is generated by increasing the vacuum generated by
source 34 ahead of the thrust valve to increase the pres-
sure differential between the concave and convex sides
of the valve.

[0065] To reduce the speed or thrust generated by the
power valve, the air pressure from source 32 can be re-
duced. Preferably, however, thrustis reduced much more
rapidly by partially retracting the extended thrust valve
by correspondingly energizing the hydraulic actuator 62
to partially retract piston rod 64 and thereby form an un-
obstructed bypass channel 97 between the valve blades
86 and the interior surface of power tube 2, which in turn
reduces the thrust generated by the valve and the force
and speed with which the power module is moved for-
wardly.

[0066] For more rapid deceleration or for stopping
movement of the transportation module, the forward
thrust valve 10 can be opened; that is, its blades 86 can
be retracted into cup 70 as earlier described to end the
forward thrust. At the same time, thrust valve 20 of the
aft thrust carriage 16 can be expanded. This generates
a thrust in a direction opposite to the direction of move-
ment of the transportation module, which will enhance
the braking action and can be used to bring the transpor-
tation to a quick, complete stop.

[0067] Referring briefly to Figs. 5A, 5B and 6, it is pre-
ferred that the thrust carriages be coupled to each other
to maintain constant spacing between them and relative
to the undercarriages 6, 8 of cabin 10. This can be ac-
complished by serially connecting the thrust carriages
with tie rods 122. For that purpose, the carriages are
provided with connecting plates 124, preferably attached
to plates 36 of the thrust carriages so that they can pivot
about a horizontal axis, and provided with bores 126
which are engaged by the tie rods.

[0068] In addition, multiple vehicles 12 (passenger
cabins and/or cargo wagons) can be coupled to the front
and rear vehicles provided with propulsion units. In such
an arrangement, the vehicles between the front and rear
vehicles need not have propulsion units and may com-
prise vehicles with only the earlier described undercar-
riages for supporting and guiding them and coupling car-
riages inside the power tube for attaching the tie rods,
which are in turn magnetically coupled to their associated
vehicles in the manner describe above.

Claims

1. A propulsion unit for moving a vehicle (10) along an
elongated power tube (2) having an interior adapted
to be selectively pressurized and an exterior along
which the vehicle travels, a thrust carriage (14, 16)
and a coupler (22) for coupling the thrust carriage
(14, 16) to the vehicle (10), characterized in that
the propulsion unit comprises first and second, dia-
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metrically opposed interior rails (12) attached to an
interior of the power tube (2), and the thrust carriage
(14, 16) comprises a main body (36) arranged be-
tween the first and second rails, first and second
wheels (38) rotatably mounted to a first side of the
body (36) proximate the first rail (12), at least a third
wheel (40) rotatably mounted to the body (36) on a
second side of the body (36) proximate the second
rail (12), a device (46) for resiliently biasing the third
wtheel (40) towards the second rail (12), the wheels
(38,40) having a grooved periphery shaped so that
the first rail (12) extends into the grooved periphery
of the first and second wheels (38) and the second
rail (12) extends into the grooved periphery of the
third wheel (40) as a result of a biasing force gener-
ated by the device (46).

A propulsion unit according to claim 1 wherein at
least a portion of the first and second interior rails
(12) extending into the grooved peripheries of the
wheels (38, 40) has a substantially circularly round
cross-section.

A propulsion unit according to claim 1 wherein the
firstand second rails (12) are disposed in a horizontal
center plane of the power tube (2).

A propulsion unit according to claim 1 wherein the
first and second wheels (38) are located proximate
longitudinal ends of the body (36) and the third wheel
(40) is disposed about midway between the first and
second wheels (38) in a longitudinal direction of the
body (36).

A propulsion unit according to claim 1 wherein the
device (46) comprises a spring.

A propulsion unit according to claim 1 wherein the
third wheel (40) is mounted on an lever (42) having
a first end pivotally attached to the body (36) and a
second end engaged by the device (46) so that the
device (46) urges the lever (42) towards the wall of
the power tube (2) and the third wheel (40) into en-
gagement with the second rail (12).

A propulsion unit according to claim 1 including a
collapsible thrust valve (18, 20) attached to a longi-
tudinal end of the body (36), the thrust valve (18, 20)
having valve blades (86) which are angularly inclined
relative to the length of the power tube (2) and which
are expandable so that free ends of the blades (86)
engage an inside surface of the power tube (2) and
a pressure differential between front and aft sides of
the blades (86) generates a force which moves the
valve (18, 20) and the thrust carriage (14, 16) at-
tached thereto along the interior rails (12) in a longi-
tudinal direction of the power tube (2).
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8.

10.

11.

12.

13.

A propulsion unit according to claim 1 including a
support frame (50) supporting the power tube (2) on
the ground and including spaced-apart uprights (52)
disposed proximate an exterior of the power tube
(2), and fasteners (54) securing the first and second
rails (12) to the uprights (52) of the support frame
(50).

A propulsion unit according to claim 1 including a
collapsible thrust valve (18, 20) for use with the thrust
carriage (14, 16) for a vehicle (10) adapted to travel
along the elongated power tube (2) subjected to
thrust generating pressure differentials along its
length, the thrust carriage (14, 16) being supported
on the interior of the power tube (2) and engaging
the interior rails (12) for moving the thrust carriage
(14,16) along the interior of the power tube (2), the
thrust valve (18, 20) being adapted to be secured to
the thrust carriage (14, 16) and comprising a collaps-
ible, frusto-conically shaped wall (30) formed by a
multiplicity of overlapping, angularly inclined blades
(86) formed to be concentrically disposed in the pow-
er tube (2), and an actuator (62) operatively coupled
to the blades (86) for selectively increasing an angle
of the blades (86) until free ends thereof contact an
interior surface of the power tube (2) to thereby pre-
vent the flow of air through the tube past the wall and
for retracting the blades (86) so that the free ends
thereof are spaced apart from the interior surface of
the power tube (2), the valve (18, 20) generating a
force acting in the longitudinal direction of the power
tube (2) when the free ends of the valve blades (86)
engage the interior surface and generating substan-
tially one of a reduced force and no force when the
valve blades (86) are spaced from the interior wall.

A propulsion unit according to claim 9 wherein each
blade (86) comprises a resilient frame (88) and an
air-impervious covering (90) attached to and extend-
ing over a major portion of the frame (88).

A propulsion unit according to claim 10 wherein the
frame (88) is a resilient metal wire frame and the
covering (90) is a plastic sheet.

A propulsion unit according to claim 1 including a
track for carrying and guiding the vehicle (10) com-
prising the elongated power tube (2) for pneumati-
cally generating a force for moving the vehicle (10)
along the power tube (2), an exterior support struc-
ture (48) for supporting the power tube (2) above
ground, and first and second rails (4) forming said
track arranged substantially parallel to the tube and
secured to the support structure (48).

A propulsion unit according to claim 12 wherein the
first and second rails (4) have a substantially right-
angle cross-section formed by first and second, sub-
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stantially perpendicular legs, and wherein at least
one of the legs of each rail (4) includes a keeper rail
(116) projecting from a surface of the one leg for
preventing wheels (114) of the vehicle (10) from be-
coming disengaged from the tracks.

A propulsion unit according to claim 13 wherein in-
cluded right angles between the legs of the rails (4)
face in opposite directions away from the power tube

).

Apparatus for propelling a vehicle (10) along a pneu-
matic power tube (2) comprising an exterior support
structure (48) for supporting the power tube (2)
above ground, first and second angles defining sup-
port and guidance tracks (4) for the vehicle (10), ex-
tending parallel to the power tube (2), and supported
by the support structure (48), first and second un-
dercarriages (6, 8) secured to the vehicle (10) includ-
ing vehicle support and guidance wheels (114) which
are rotatable about axes inclined relative to legs of
the angle tracks and which have a periphery that
engages the legs of the angle tracks so that the
weight of the vehicle (10) is supported by the angle
tracks and the support structure only and the angle
tracks guide the vehicle (10) parallel to the power
tube (2), a pneumatic propulsion unit according to
claim 1 movably disposed inside the power tube (2)
and guided so that it travels along the power tube
(2), and a magnetic coupler (22) having firstand sec-
ond cooperating magnetic elements (22, 26) at-
tached to the vehicle (10) and the propulsion unit,
respectively, in operative alignment with each other,
and wherein a portion (28) of the power tube (2) lo-
cated between the magnetic elements (22, 26) is
constructed of a non-magnetic material and extends
over the length of the power tube (2).

Apparatus according to claim 15 wherein one of the
legs is vertically disposed, aninclined angle between
the legs of the tracks is 90° and faces in opposite
directions away from the power tube (2), and wherein
the wheels (114) rotate about an axis inclined 45°
relative to the legs of the tracks (4).

Apparatus according to claim 15 wherein the wheels
(114) have a generally round periphery engaging the
legs of the angle tracks (4).

Apparatus according to claim 17 including a protru-
sion (116) on the vertical legs shaped and arranged
to prevent the wheels (114) from rising upwardly rel-
ative to the vertical leg.

Apparatus for propelling a vehicle (10) along a pneu-
matic power tube (2) comprising an exterior support
structure (48) for supporting the power tube (2)
above ground, first and second angles defining sup-
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port and guidance tracks (4) for the vehicle (10), ex-
tending parallel to the power tube (2), and supported
by the support structure (48), first and second un-
dercarriages (6, 8) secured to the vehicle (10) includ-
ing vehicle supportand guidance wheels (114) which
are rotatable about axes inclined relative to legs of
the angle tracks and which have a periphery that
engages the legs of the angle tracks so that the
weight of the vehicle (10) is supported by the angle
tracks and the support structure (48) only and the
angle tracks guide the vehicle (10) parallel to the
power tube (2), a pneumatic propulsion unit accord-
ing to claim 1 movably disposed inside the power
tube (2) at travels along the power tube (2), and a
magnetic coupler (22) having first and second coop-
erating magnetic elements (22, 26) attached to the
vehicle (10) and the propulsion unit, respectively, in
operative alignment with each other, a portion (28)
of the power tube (2) located between the magnetic
elements (22, 26) being constructed of a non-mag-
netic material and extending over the length of the
power tube (2), the propulsion unit further including
a collapsible thrust valve (18, 20) coupled to the
thrust carriage (14, 16) comprising a collapsible, hus-
to-conically shaped wall (30) formed by a multiplicity
of overlapping, angularly inclined blades (86) formed
to be concentrically disposed in the power tube (2),
and an actuator (62) operatively coupled to the
blades (86) for selectively increasing an angle of the
blades (86) until free ends thereof contact an interior
surface of the power tube (2) thereby prevent the
flow of air through the tube past the wall and for re-
tracting the blades (86) so that the free ends thereof
are spaced apart from the interior surface of the pow-
er tube (2), the valve (18, 20) generating a force act-
ing in the longitudinal direction of the power tube (2)
when the free ends of the valve blades (86) the in-
terior surface and generating substantially one of a
reduced force and no force when the valve blades
(86) are spaced from the interior wall.

Patentanspriiche

1.

Antriebseinheit zum Bewegen eines Fahrzeugs (10)
entlang einer langgestreckten Arbeitsrohre (2), die
eine Innenseite, die zur selektiven Unterdruckset-
zung ausgebildet ist, und eine Auf3enseite, entlang
welcher sich das Fahrzeug bewegt, einen Schub-
schlitten (14, 16) und einen Koppler (22) zum Kop-
peln des Schubschlittens (14, 16) mit dem Fahrzeug
(10) aufweist, dadurch gekennzeichnet, dass die
Antriebseinheit eine erste und zweite diametral ge-
geniiberliegende Innenseitenschiene (12) umfasst,
die an der Innenseite der Arbeitsréhre (2) ange-
bracht sind, und der Schubschlitten (14, 16) einen
Hauptkdrper (36), der zwischen der ersten und zwei-
ten Schiene angeordnet ist, erste und zweite Rader
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(38), die drehbar auf einer ersten Seite des Korpers
(36) nahe der ersten Schiene (12) montiert sind, zu-
mindest ein drittes Rad (40), das drehbar an dem
Korper (36) auf einer zweiten Seite des Korpers (36)
nahe der zweiten Schiene (12) montiert ist, eine Vor-
richtung (46) zum elastischen Vorspannen des drit-
ten Rades (40) in Richtung der zweiten Schiene (12)
umfasst, wobei die Rader (38, 40) einen mit einer
Nut versehenen Umfang aufweisen, der derart ge-
formt ist, dass sich infolge einer Vorspannkraft, die
von der Vorrichtung (46) erzeugt wird, die erste
Schiene (12) in den mit einer Nut versehenen Um-
fang der ersten und zweiten Rader (38) erstreckt und
sich die zweite Schiene (12) in den mit einer Nut
versehenen Umfang des dritten Rades (40) er-
streckt.

Antriebseinheit nach Anspruch 1,

wobei zumindest ein Abschnitt der ersten und zwei-
ten Innenseitenschiene (12), der sich in die mit einer
Nut versehenen Umfénge der Rader (38, 40) er-
streckt, einen im Wesentlichen kreisférmig runden
Querschnitt aufweist.

Antriebseinheit nach Anspruch 1,

wobei die erste und zweite Schiene (12) in einer ho-
rizontalen Mittelebene der Arbeitsréhre (2) angeord-
net sind.

Antriebseinheit nach Anspruch 1,

wobei die ersten und zweiten Rader (38) nahe Lang-
senden des Korpers (36) gelegen sind, und das dritte
Rad (40) ungefahr in der Mitte zwischen dem ersten
und zweiten Rad (38) in einer Langsrichtung des
Kérpers (36) angeordnet ist.

Antriebseinheit nach Anspruch 1,
wobei die Vorrichtung (46) eine Feder umfasst.

Antriebseinheit nach Anspruch 1,

wobei das dritte Rad (40) an einem Hebel (42) mon-
tiert ist, der ein erstes Ende aufweist, das schwenk-
bar an dem Kdérper (36) angebracht ist, und ein zwei-
tes Ende, das mit der Vorrichtung (46) in Eingriff
steht, sodass die Vorrichtung (46) den Hebel (42) in
Richtung der Wand der Arbeitsréhre (2) und das drit-
te Rad (40) in Eingriff mit der zweiten Schiene (12)
drangt.

Antriebseinheit nach Anspruch 1,

die ein zusammenklappbares Schubventil (18, 20)
umfasst, das an einem Langsende des Kdrpers (36)
angebracht ist, wobei das Schubventil (18, 20) Ven-
tillamellen (86) aufweist, die unter einem Winkel re-
lativ zur Lange der Arbeitsrohre (2) geneigt sind und
die entfaltbar sind, sodass freie Enden der Lamellen
(86) mit einer Innenseitenflache der Arbeitsréhre (2)
in Eingriff stehen, und eine Druckdifferenz zwischen
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10.

1.

20

vorderen und hinteren Seiten der Lamellen (86) eine
Kraft erzeugt, die das Ventil (18, 20) und den Schub-
schlitten (14, 16), der daran angebracht ist, entlang
der Innenseitenschienen (12) in einer Langsrichtung
der Arbeitsrohre (2) bewegt.

Antriebseinheit nach Anspruch 1,

die einen Stitzrahmen (50) umfasst, der die Arbeits-
réhre (2) auf dem Boden abstitzt, und voneinander
beabstandete Pfosten (52), die nahe einer AulRen-
seite der Arbeitsrohre (2) angeordnet sind, und Be-
festigungselemente (54) umfasst, die die erste und
zweite Schiene (12) an dem Pfosten (52) des Stitz-
rahmens (50) befestigen.

Antriebseinheit nach Anspruch 1,

die ein zusammenklappbares Schubventil (18, 20)
zur Verwendung mit dem Schubschlitten (14, 16) flr
ein Fahrzeug (10) umfasst, das ausgebildet ist, um
sich entlang der langgestreckten Arbeitsrohre (2) zu
bewegen, und Schub erzeugenden Druckdifferen-
zen entlang seiner Lange ausgesetzt ist, wobei der
Schubschlitten (14, 16) an der Innenseite der Ar-
beitsréhre (2) abgestitzt ist und mit den Innensei-
tenschienen (12) zum Bewegen des Schubschlit-
tens, (14, 16) entlang der Innenseite der Arbeitsrohre
(2) in Eingriff steht, wobei das Schubventil (18, 20)
zur Befestigung an dem Schubschlitten (14, 16) an-
gepasst ist und eine zusammenklappbare, kegel-
stumpfférmige Wand (30), die durch eine Mehrzahl
von sich Uberlappenden, unter einem Winkel geneig-
ten Lamellen (86) gebildet ist, die derart gebildet
sind, dass sie konzentrisch in der Arbeitsréhre (2)
angeordnet sind, und einen Aktuator (62) umfasst,
der funktional mit den Lamellen (86) gekoppelt ist,
um einen Winkel der Lamellen (86) selektiv zu erh6-
hen, bis freie Enden davon eine Innenseitenflache
der Arbeitsrohre (2) bertihren, um dadurch eine Luft-
strdbmung durch die Réhre an der Wand vorbei zu
verhindern, und um die Lamellen (86) zurlickzuzie-
hen, sodass die freien Enden davon von der Innen-
seitenflache der Arbeitsréhre (2) beabstandet sind,
wobei das Ventil (18, 20) eine Kraft erzeugt, die in
der Langsrichtung der Arbeitsrohre (2) wirkt, wenn
die freien Enden der Ventillamellen (86) mit der In-
nenseitenflache in Eingriff stehen, und im Wesentli-
chen eine von einer reduzierten Kraft und keiner
Kraft erzeugt, wenn die Ventillamellen (86) von der
Innenseitenwand beabstandet sind.

Antriebseinheit nach Anspruch 9,

wobei jede Lamelle (86) einen elastischen Rahmen
(88) und eine luftundurchlassige Abdeckung (90)
umfasst, die an einem Hauptabschnitt des Rahmens
(88) angebracht ist und sich tber diesen erstreckt.

Antriebseinheit nach Anspruch 10,
wobei der Rahmen (88) ein elastischer Metalldraht-



12

13.

14.

15.

21 EP 1 628 867 B9

rahmen ist und die Abdeckung (90) eine Kunststoff-
bahn ist.

Antriebseinheit nach Anspruch 1,

die eine Bahn zum Transportieren und Fihren des
Fahrzeugs (10) aufweist, die die langgestreckte Ar-
beitsréhre (2), um pneumatisch eine Kraft zum Be-
wegen des Fahrzeugs (10) entlang der Arbeitsrohre
(2) zu erzeugen, eine aullere Stltzstruktur (48) zum
Abstiitzen der Arbeitsroéhre (2) lber dem Boden, und
eine erste und zweite Schiene (4) umfasst, die die
Bahn bilden, welche im Wesentlichen parallel zu der
Rohre angeordnet und an der Stiitzstruktur (48) be-
festigt sind.

Antriebseinheit nach Anspruch 12,

wobei die erste und zweite Schiene (4) einen im We-
sentlichen rechtwinkligen Querschnitt aufweisen,
derdurch einen ersten und zweiten, im \Wesentlichen
rechtwinkligen Schenkel gebildet ist, und wobei zu-
mindest einer der Schenkel jeder Schiene (4) eine
Halteschiene (116) umfasst, die von einer Oberfla-
che von dem einen Schenkel vorsteht, um zu ver-
hindern, dass Réader (114) des Fahrzeugs (10) von
den Bahnen auRer Eingriff gelangen.

Antriebseinheit nach Anspruch 13,

wobei eingeschlossene rechte Winkel zwischen den
Schenkeln der Schienen (4) in entgegengesetzte
Richtungen von der Arbeitsréhre (2) weg weisen.

Vorrichtung zum Antreiben eines Fahrzeugs (10)
entlang einer pneumatischen Arbeitsréhre (2), um-
fassend eine auBere Stiitzstruktur (48) zum Abstit-
zen der Arbeitsréhre (2) Gber dem Boden, einen er-
sten und zweiten Winkel, die Stitz- und Flhrungs-
bahnen (4) fiir das Fahrzeug (10) definieren, sich
parallel zu der Arbeitsréhre (2) erstrecken und durch
die Stitzstruktur (48) abgestutzt sind, einen ersten
und zweiten Unterschlitten (6, 8), die an dem Fahr-
zeug (10) befestigt sind, und Fahrzeugstiitz- und
-flhrungsrader (114) umfassen, die um Achsen
drehbar sind, die relativ zu Schenkeln der Winkel-
bahnen geneigt sind, und die einen Umfang aufwei-
sen, der mitden Schenkeln der Winkelbahnenin Ein-
griff steht, sodass das Gewicht des Fahrzeugs (10)
nur durch die Winkelbahnen und die Stitzstruktur
abgestutzt ist und die Winkelbahnen das Fahrzeug
parallel zu der Arbeitsrohre (2) fiihren, eine pneu-
matische Antriebseinheit nach Anspruch 1, die in-
nerhalb der Arbeitsréhre (2) beweglich angeordnet
und derart geflihrt ist, dass sie sich entlang der Ar-
beitsréhre (2) bewegt, und einen magnetischen
Koppler (22) mit ersten und zweiten zusammenwir-
kenden magnetischen Elementen (22, 26), die je-
weils an dem Fahrzeug (10) bzw. der Antriebseinheit
in funktioneller Ausrichtung miteinander angebracht
sind, und wobei ein Abschnitt (28) der Arbeitsréhre
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(2), der zwischen den magnetischen Elementen (22,
26) gelegen ist, aus einem nicht magnetischen Ma-
terial aufgebaut ist und sich iber die Lange der Ar-
beitsréhre (2) erstreckt.

Vorrichtung nach Anspruch 15,

wobei einer der Schenkel vertikal angeordnetist, wo-
bei ein Neigungswinkel zwischen den Schenkeln der
Bahnen 90° betragt und in entgegengesetzte Rich-
tungen von der Arbeitsrohre (2) weg weist, und wo-
bei die Rader (114) um eine Achse rotieren, die 45°
relativ zu den Schenkeln der Bahnen (4) geneigt ist.

Vorrichtung nach Anspruch 15,

wobei die Rader (114) einen im Allgemeinen runden
Umfang aufweisen, der mit den Schenkeln der Win-
kelbahnen (4) in Eingriff steht.

Vorrichtung nach Anspruch 17,

die einen Vorsprung (116) an den vertikalen Schen-
keln umfasst, der geformt und angeordnet ist, um zu
verhindern, dass die Rader (114) sich relativzu dem
vertikalen Schenkel nach oben hin abheben.

Vorrichtung zum Antreiben eines Fahrzeugs (10)
entlang einer pneumatischen Arbeitsréhre (2), um-
fassend eine auflere Stutzstruktur (48) zum Abstut-
zen der Arbeitsréhre (2) Gber dem Boden, einen er-
sten und zweiten Winkel, die Stiitz- und Flihrungs-
bahnen (4) fir das Fahrzeug (10) definieren, sich
parallel zu der Arbeitsréhre (2) erstrecken und durch
die Stitzstruktur (48) abgestiitzt sind, einen ersten
und zweiten Unterschlitten (6, 8), die an dem Fahr-
zeug (10) befestigt sind und Fahrzeugstitz- und
-fihrungsrader (114) umfassen, die um Achsen
drehbar sind, die relativ zu Schenkeln der Fihrungs-
bahnen geneigt sind, und die einen Umfang aufwei-
sen, der mitden Schenkeln der Winkelbahnen in Ein-
griff steht, sodass das Gewicht des Fahrzeugs (10)
nur durch die Winkelbahnen und die Stutzstruktur
(48) abgestutzt ist und die Winkelbahnen das Fahr-
zeug (10) parallel zu der Arbeitsréhre (2) fiihren, eine
pneumatische Antriebseinheit nach Anspruch 1, die
innerhalb der Arbeitsrohre (2) beweglich angeordnet
ist und sich entlang der Arbeitsréhre (2) bewegt, und
einen magnetischen Koppler (22), der erste und
zweite zusammenwirkende magnetische Elemente
(22, 26) aufweist, die jeweils an dem Fahrzeug (10)
bzw. der Antriebseinheit in funktioneller Ausrichtung
miteinander angebracht sind, wobei ein Abschnitt
(28) der Arbeitsrohre (2), der zwischen den magne-
tischen Elementen (22, 26) gelegen ist, aus einem
nicht magnetischen Material aufgebaut ist und sich
Uber die Lange der Arbeitsréhre (2) erstreckt, wobei
die Antriebseinheit ferner ein zusammenklappbares
Schubventil (18, 20) aufweist, das mit dem Schub-
schlitten (14, 16) gekoppelt ist und eine zusammen-
klappbare, kegelstumpfformige Wand (30), die
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durch eine Mehrzahl von sich tiberlappenden, unter
einem Winkel geneigten Lamellen (86) gebildet ist,
die derart gebildet sind, dass sie konzentrisch in der
Arbeitsréhre (2) angeordnet sind, und einen Aktuator
(62) umfasst, der funktional mit den Lamellen (86)
gekoppelt ist, um einen Winkel der Lamellen (86)
selektiv zu erhohen, bis freie Enden davon eine In-
nenseitenflache der Arbeitsréhre (2) beriihren, um
dadurch die Strémung von Luft durch die Réhre an
der Wand vorbei zu verhindern, und um die Lamellen
(86) zurlickzuziehen, sodass die freien Enden davon
von der Innenseitenflache der Arbeitsrohre (2) be-
abstandet sind, wobei das Ventil (18, 20) eine Kraft
erzeugt, die in der Langsrichtung der Arbeitsrohre
(2) wirkt, wenn die freien Enden der Ventillamellen
(86) mit der Innenseitenflache in Eingriff stehen, und
im Wesentlichen eine von einer reduzierten Kraft und
keiner Kraft erzeugt, wenn die Ventillamellen (86)
von der Innenseitenwand beabstandet sind.

Revendications

Unité de propulsion pour déplacer un véhicule (10)
le long d’un tube de puissance allongé (2) ayant un
intérieur adapté a étre sélectivement mis sous pres-
sion et un extérieur le long duquel circule le véhicule,
un chariot pousseur (14, 16) et un coupleur (22) pour
coupler le chariot pousseur (14, 16) au véhicule (10),
I'unité de propulsion comprenant un premier et un
second rail intérieur (12) diamétralement opposés
et attachés a l'intérieur du tube de puissance (2), et
le chariot pousseur (14, 16) comprend un corps prin-
cipal (36) agencé entre le premier et le second rail,
une premiére et une seconde roue (38) montées en
rotation sur un premier c6té du corps (36) a proximité
du premier rail (12), au moins une troisieme roue
(40) montée en rotation sur le corps (36) sur un se-
cond c6té du corps (36) a proximité du second rail
(12), un dispositif (46) pour solliciter élastiquement
la troisieme roue (40) vers le second rail (12), les
roues (38, 40) ayant une périphérie en rainure con-
formée de telle fagon que le premier rail (12) s’étend
dans la périphérie en rainure de la premiére et de la
seconde roue (38) et que le second rail (12) s’étend
dans la périphérie en rainure de la troisiéme roue
(40) en résultat d’une force de sollicitation générée
par le dispositif (46).

Unité de propulsion selon la revendication 1, dans
laquelle au moins une portion du premier et du se-
cond rail intérieur (12) s’étendant dans les périphé-
ries en rainure des roues (38, 40) possede une sec-
tion transversale arrondie sensiblement circulaire.

Unité de propulsion selon la revendication 1, dans
laquelle le premier et le second rail (12) sont dispo-
sés dans un plan central horizontal du tube de puis-
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sance (2).

Unité de propulsion selon la revendication 1, dans
laquelle la premiere et la seconde roue (38) sont
situées a proximité des extrémités longitudinales du
corps (36) et la troisieme roue (40) est disposée en-
viron a mi-chemin entre la premiére et la seconde
roue (38) dans une direction longitudinale du corps
(36).

Unité de propulsion selon la revendication 1, dans
laquelle le dispositif (46) comprend un ressort.

Unité de propulsion selon la revendication 1, dans
laquelle la troisieme roue (40) est montée sur un
levier (42) ayant une premiére extrémité attachée en
pivotement au corps (36), et une seconde extrémité
engagée par le dispositif (46), de sorte que le dispo-
sitif (46) force le levier (42) vers la paroi du tube de
puissance (2) et la troisiéme roue (40) en engage-
ment avec le second rail (12).

Unité de propulsion selon la revendication 1, incluant
une valve de poussée escamotable (18, 20) attachée
a une extrémité longitudinale du corps (36), la valve
de poussée (18, 20) ayant des pales de valve (86)
qui sont inclinées sous un angle par rapport a la lon-
gueur du tube de puissance (2) et qui sont capables
d’expansion de telle fagon que les extrémités libres
des pales (86) engagent une surface intérieure du
tube de puissance (2), et une différentielle de pres-
sion entre les cbtés avant et arriére des pales (86)
géneére une force qui déplace la valve (18, 20) et le
chariot pousseur (14, 16) attaché a celle-ci le long
des rails intérieurs (12) dans une direction longitu-
dinale du tube de puissance (2).

Unité de propulsion selon larevendication 1, incluant
un cadre support (50) supportant le tube de puissan-
ce (2) sur le sol et incluant des montants verticaux
espaceés (52) disposés a proximité de I'extérieur du
tube de puissance (2), et des éléments de fixation
(54) qui fixent le premier et le second rail (12) sur
les montants verticaux (52) du cadre support (50).

Unité de propulsion selon la revendication 1, incluant
une valve de poussée escamotable (18, 20) a utiliser
avec le chariot pousseur (14,16) pour un véhicule
(10) adapté a circuler le long du tube de puissance
allongé (2) soumis a des différentielles de pression,
produisant une poussée, le long de sa longueur, le
chariot pousseur (14, 16) étant supporté sur l'inté-
rieur du tube de puissance (2) et engageant les rails
intérieurs (12) pour déplacer le chariot pousseur (14,
16) le long de l'intérieur du tube de puissance (2), la
valve de poussée (18, 20) étant adaptee a étre fixée
sur le chariot pousseur (14, 16) et comprenant une
paroi escamotable (30) de forme tronconique formée
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par une multiplicité de pales (86) en chevauchement
et inclinées sous un angle, qui sont formées pour
étre disposées concentriquement dans le tube de
puissance (2), et un actionneur (62) fonctionnelle-
ment couplé aux pales (86) pour augmenter sélec-
tivement un angle des pales (86) jusqu’a ce que les
extrémités libres de celles-ci viennent en contact
avec une surface intérieure du tube de puissance
(2) pour empécher ainsi I'écoulement d’air a travers
le tube de part et d’autre de la paroi et pour rétracter
les pales (86) de telle fagon que leurs extrémités
libres sont écartées de la surface intérieure du tube
de puissance (2), lavalve (18, 20) générant une force
agissant dans la direction longitudinale du tube de
puissance (2) quand les extrémités libres des pales
(86) de la valve engagent la surface intérieure, et
générant sensiblement soit une force réduite soit
aucune force quand les pales (86) de la valve sont
espacées de la paroi intérieure.

Unité de propulsion selon la revendication 9, dans
laquelle chaque pale (86) comprend un cadre élas-
tique (88) et une couverture (90) imperméable a I'air
attachée sur et s’étendant sur une majeure portion
du cadre (88).

Unité de propulsion selon la revendication 10, dans
laquelle le cadre (88) est un cadre en fil métallique
élastique et la couverture (90) est une feuille en ma-
tiere plastique.

Unité de propulsion selon larevendication 1, incluant
une voie pour porter et pour guider le véhicule (10),
comprenant le tube de puissance allongé (2) pour
générer par voie pneumatique une force destinée a
déplacer le véhicule (10) le long du tube de puissan-
ce (2), une structure de support extérieure (48) pour
supporter le tube de puissance (2) au-dessus du sol,
et un premier et un second rail (4) formant ladite voie
et agencés sensiblement paralléle au tube et atta-
chés a la structure de support (48).

Unité de propulsion selon la revendication 12, dans
laquelle le premier et le second rail (4) ont une sec-
tion transversale sensiblement a angle droit, formée
par une premiere et une seconde branche sensible-
ment perpendiculaires, et dans laquelle 'une au
moins des branches de chaque rail (4) inclut un rail
de retenue (116) qui se projette depuis une surface
de ladite branche pour empécher aux roues (114)
du véhicule (10) de se dégager des voies.

Unité de propulsion selon la revendication 13, dans
laquelle les angles droits inclus entre les branches
des rails (4) font face dans des directions opposées
en éloignement du tube de puissance (2).

Appareil pour propulser un véhicule (10) le long d’'un
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tube de puissance pneumatique (2) comprenantune
structure de support extérieure (48) pour supporter
le tube de puissance (2) au-dessus du sol, une pre-
miére et une seconde équerre définissant des voies
de support et de guidage (4) pour le véhicule (10)
en s’étendant parallélement au tube de puissance
(2) et supportées par la structure de support (48), un
premier et un second chariot inférieur (6, 8) attachés
au veéhicule (10) et incluant des roues de support et
de guidage (114) pour le véhicule qui sont en rotation
autour d’axes inclinés par rapport aux branches des
équerres des voies et qui possédent une périphérie
en engagement avec les branches des équerres des
voies de telle fagon que le poids du véhicule (10) est
supporté par les équerres des voies et par la struc-
ture de support uniquement, et les équerres des
voies guident le véhicule (10) paralléelement au tube
de puissance (2), et comprenant une unité de pro-
pulsion pneumatique selon la revendication 1, dis-
posée de maniére mobile a l'intérieur du tube de
puissance (2) et guidée de telle fagon qu’elle circule
le long du tube de puissance (2), et un coupleur ma-
gnétique (22) ayantun premier etun second élément
magnétique coopérants (22, 26) attachés au véhi-
cule (10) et a I'unité de propulsion respectivement,
en alignement fonctionnel 'un avec l'autre, et dans
lequel une portion (28) du tube de puissance (2) si-
tuée entre les éléments magnétiques (22, 26) est
construite en un matériau non magnétique et s’étend
sur la longueur du tube de puissance (2).

Appareil selon la revendication 15, dans lequel 'une
des branches est disposée verticalement, et un an-
gle d’inclinaison entre les branches des voies est de
90° en faisant face dans des directions opposées en
éloignement du tube de puissance (2), etdans lequel
les roues (114) tournent autour d’'un axe incliné de
45° par rapport aux branches des voies (4).

Appareil selon la revendication 15, dans lequel les
roues (114) ont une périphérie généralement arron-
die engageant les branches des équerres des voies

(4).

Appareil selon la revendication 17, incluant une pro-
jection (116) sur les branches verticales, conformée
et agencée de maniére a empécher aux roues (114)
de monter vers le haut par rapport a la branche ver-
ticale.

Appareil pour propulser un véhicule (10) le long d’'un
tube de puissance pneumatique (2) comprenant une
structure de support extérieure (48) pour supporter
le tube de puissance (2) au-dessus du sol, une pre-
miére et une seconde équerre définissant des voies
de support et de guidage (4) pour le véhicule (10),
s’étendant parallélement au tube de puissance (2)
et supportées par la structure de support (48), un
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premier et un second chariot inférieur (6, 8) attachés
au véhicule (10) et incluant des roues de support et
de guidage (114) pour le véhicule, lesquelles sont
en rotation autour d’axes inclinés par rapport aux
branches des équerres des voies et présentent une
périphérie qui engage les branches des équerres
des voies de telle fagon que le poids du véhicule (10)
est supporté par les équerres des voies et par la
structure de support (48) uniquement, et les équer-
res des voies guident le véhicule (10) parallélement
au tube de puissance (2), et comprenant une unité
de propulsion pneumatique selon la revendication
1, disposée de fagon mobile a l'intérieur du tube de
puissance (2), qui circule le long du tube de puissan-
ce (2), et un coupleur magnétique (22) ayant un pre-
mier et un second élément magnétique coopérants
(22, 26) attachés au véhicule (10) et a l'unité de pro-
pulsion respectivement, en alignement fonctionnel
'un avec l'autre, une portion (28) du tube de puis-
sance (2) située entre les éléments magnétiques
(22, 26) étant construite en un matériau non magne-
tique s’étendant le long de la longueur du tube de
puissance (2), 'unité de propulsion incluant en outre
une valve de poussée escamotable (18, 20) couplée
au chariot pousseur (14, 16), comprenant une paroi
(30) escamotable et de forme tronconique, formée
par une multiplicité de pales (86) en chevauchement
et inclinées sous un angle, qui sont formées pour
étre disposées concentriquement dans le tube de
puissance (2), et un actionneur (62) fonctionnelle-
ment couplé aux pales (86) pour augmenter sélec-
tivement un angle des pales (86) jusqu’a ce que les
extrémités libres de celles-ci viennent en contact
avec une surface intérieure du tube de puissance
(2) et empéchent ainsi I'écoulement d’air a travers
le tube de part et d’autre de la paroi, et pour rétracter
les pales (86) de telle fagon que leurs extrémités
libres sont espacées de la surface intérieure du tube
de puissance (2), lavalve (18, 20) générant une force
agissant dans la direction longitudinale du tube de
puissance (2) quand les extrémités libres des pales
(86) de la valve engagent la surface intérieure, et
engendrant sensiblement soit une force réduite soit
aucune force quand les pales (86) de la valve sont
espacées de la paroi intérieure.
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