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(57) ABSTRACT 
An overhead transportation system includes a Support struc 
ture positioning a running Surface above ground level for 
operating a truck along the running Surface. A car body is 
Suspended from a beam or chassis carried by the truck in 
Such a manner to place a center of rotation of the car body 
above the chassis and truck. Improved performance on 
curves is provided through Superelevation of the tracks upon 
which fixed steel wheel assemblies of the truck ride. 
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OVERHEAD SUSPENDED TRANSPORTATION 
SYSTEMAND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a Continuation of application 
Ser. No. 10/685,300 filed Oct. 14, 2003 which claims 
priority to Provisional Application Ser. No. 60/418,872 for 
“Vehicle Overhead Suspension System And Method Having 
Enhanced Performance On Curves having a filing date of 
Oct. 15, 2002, the disclosures of which are herein incorpo 
rated by reference in their entirety and commonly owned. 

FIELD OF THE INVENTION 

0002 The invention generally relates to transport sys 
tems, and more particularly to high-speed mass transit, 
passenger and freight transportation systems that are sus 
pended overhead above ground level. 

BACKGROUND OF THE INVENTION 

0003 Overhead-suspended systems are known in the art 
and currently in operation. Typically, car bodies are sus 
pended directly from and below trucks. In one case the 
trucks have steel wheels running on top of a single steel rail, 
being truly a “Monorail. This allows the car bodies to swing 
out in curves but imposes limits on speed because of the 
Suspension system. In another case, the trucks run inside a 
duct on rubber tires with side wheels to guide the non 
steering rubber wheels with the car bodies suspended 
directly from the trucks. The roof of each car body typically 
serves as a rigid frame to which the trucks are attached. This 
fixes the distance between the trucks. The propulsion and 
braking forces generated in the trucks are limited as a result 
of the force being transmitted directly down to the car bodies 
through their suspension attachments. 
0004. In such cases the direct suspension of the bodies 
from the trucks results in difficulties when detaching or 
exchanging the car bodies. It also imposes limitations on the 
ability to couple vehicles into trains because such coupling 
is done at the car bodies and not at the trucks where the 
traction forces are generated. 
0005. As will be described for embodiments of the 
present invention, an Overhead-Suspended Light Rail 
(OSLR) system overcomes known limitations in typical 
overhead transport systems. The disadvantages that embodi 
ments of the OSLR of the present invention can overcome 
include, but are not limited to the following herein pre 
sented, by way of example: 
0006 Light Rail Transit (LRT) uses tracks at grade level 
occupying land that is typically sterilized against other uses. 
In many places, the work of installing these tracks requires 
purchase of property, displacement of occupants, and dis 
ruption of commercial operations. In Streets, it disrupts 
traffic movements for long periods of time. Especially costly 
is the needed utilities relocation. Cities that did not plan for 
a transit trench now require that whole drainage systems, 
natural gas, water service, telephone, cable TV and power be 
relocated. In mature cities the location of these is not 
accurately defined, thus creating expensive and hazardous 
conditions for workers. Embodiments of the OSLR of the 
present invention incorporates LRT technology but places 
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tracks and train operations overhead, allowing existing land 
uses to continue without conflict and minimizes traffic 
interruption during construction. This avoids a need for new 
laboratory research, requiring that the system be engineered 
and installed only in an appropriate location. 
0007 LRT tracks and switches at grade are sensitive to 
climatic conditions such as Snow, freezing rain and flooding 
from heavy rainstorms. The OSLR places the tracks, signals 
and power contact strips inside a covered duct with full 
protection from the weather. 
0008 LRT vehicles operating in the streets absorb traffic 
capacity from roadways already congested with other traffic. 
The vehicles become equally delayed because they cannot 
move any faster than this same congestion. They introduce 
risks of collisions, injuries and deaths with vehicles and 
pedestrians, and impose limits of permissible operating 
speeds. These risks of moving trains in the Streets require 
that Such vehicles be manually operated, preventing any 
prospect of full automation, with its associated economic 
and safe operation. There are strict limits on the lengths and 
speeds of trains in the Streets, and on the frequency of trains, 
making it difficult to expand capacity to meet future growth. 
The OSLR herein described operates trains safely overhead 
and well separated from other operations and land uses on 
the ground, thus allowing full automation with train lengths 
and operating speeds free from speed restrictions typically 
placed at ground level. 
0009 Passengers and freight riding in LRT vehicles 
mounted above their wheels (bottom-supported) typically 
feel the shocks and lateral accelerations generated below 
them. Typical vehicle designs attempt to minimize this 
effect, but do not eliminate it. Passengers and freight in 
embodiments of the OSLR vehicles of the present invention 
ride below the wheels. Suspending the car body beneath a 
carrying vehicle effectively Suspends the body like a pen 
dulum, isolating it from lateral impacts Sustained by the 
carrying vehicle and therefore affording a much Smoother 
ride for passengers and freight. 
0010 Bottom-supported vehicles impose strict limita 
tions on an amount of Super-elevation to be tolerated on 
curves, directly impacting permissible speeds of vehicles 
traversing curves. The OSLR vehicles of the present inven 
tion avoid known constraints. As a result, greater Super 
elevation may be placed on curves, and the Swing out of the 
car bodies enhances the effect to double the effective super 
elevation allowing significantly faster operating speeds on 
the curves. 

0011 Further, there is a need for shorter journey times, 
for reducing the size of vehicle fleet required to fill any given 
operating schedule, for improving the productivity of the 
train equipment, and for marketing a quality of service 
Superior to alternative systems and more attractive to the 
public. 

SUMMARY OF THE INVENTION 

0012. A transportation system according to the teachings 
of the present invention may include a Support structure 
positioning a running Surface above ground level for oper 
ating a truck along the running Surface. A car body is 
Suspended from a beam or chassis carried by the truck in 
Such a manner to place a center of rotation of the car body 
at or well above the roof of the car. (Note: see 00018) 
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0013. One embodiment of the present invention, an over 
head-suspended light rail (OSLR) system is herein described 
using the technology of modern heavy-rail and light-rail 
systems while overcoming disadvantages known with tracks 
and transit operations installed at grade, typically in the 
streets and private rights of way. Embodiments of the 
present invention may include a duct system wherein an 
OSLR system places one or more carrying vehicles coupled 
as a train inside a duct above, with or without car bodies 
Suspended beneath them. 
0014. In one embodiment including an “I” beam system, 
the OSLR system places one or more carrying vehicles 
coupled in a train riding on and below an arrangement of one 
“I beam or a multiplicity of “I” beams above, with or 
without the car bodies suspended beneath them 
0015. A suspended car body swings out on curves, allow 
ing faster speeds while the contents inside the car body feel 
minimal lateral forces. Damping may be incorporated to 
Suppress continuing oscillation. Such an embodiment may 
be applied by way of example, to intercity passenger service, 
to urban transit or to freight vehicles. The ability to go 
around curves faster reduces journey times, minimizes fleet 
requirements, improves comfort and provides a new image 
for mechanized transportation. Complete grade separation is 
achieved and overcomes the handicaps of laying rail tracks 
at grade, weeds and weed-killers, fences severing farms and 
communities, disruption of commerce and existing land 
uses, dangers at grade crossings, highway vehicles being hit 
by high speed trains, risks to children, trespassers and 
animals on the tracks, and the hazards of winter conditions, 
floods, Snow removal and icing conditions. 
0016 A car body that is overhead and suspended simply 
Swings back to the vertical position when brought to a 
standstill on a curve. Passengers feel no discomfort at 
standstill. Thus, passenger comfort does not govern the 
permissible super-elevation of the track or roadway above. 
The permissible super-elevation is governed by the limit of 
friction between the wheels and the running Surface, so that, 
the wheels do not slide down towards the low side at 
standstill. Controlling factors limiting achievable Superel 
evations on curves are applied to the combination of a 
carrying vehicle in the duct with a car body Suspended 
beneath from those controlling bottom-supported vehicles. 
There are unexpected results using Superelevation in Sus 
pended car bodies resulting from the teachings of the present 
invention. 

0017. By way of example, for a steel wheel embodiment, 
a 10° angle may be appropriate. Tests have been conducted 
that show angles before slip occurs exceeding 16 degrees, 
indicating 10° of super-elevation uses only 62% of this 
range. Suspending the car body beneath the carrying vehicle 
effectively suspends the body like a pendulum, isolating it 
from lateral impacts and Suspension harmonics Sustained by 
the carrying vehicle and therefore affords a much smoother 
ride for passengers and freight. Such a suspension allows the 
car body to be suspended with a center of rotation well 
above the roof of the car so that it is free to swing out on 
curves. The passengers do not sense lateral centrifugal 
forces, allowing speeds on curves to be faster than permitted 
in bottom-Supported vehicles. 
0018 Placing the carrying vehicle in a closed duct 
I-beam or multiple I-beams allows use of standardized 
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vehicle components using either light-rail or heavy-rail 
technology or other vehicle technology Such as rubber tires 
or magnetic levitation (Maglev) able to move along the 
running Surfaces of the duct. The duct or beam may serve as 
a continuous bridge or viaduct designed to carry the weight 
of trains of vehicles moving within and suspended below it. 
The carrying vehicles may be coupled together in trains in 
the duct, whether or not they have car bodies attached 
beneath, thus avoiding limitations to train lengths found in 
known overhead systems. Vehicles may be self-powered or 
may be without power to be hauled by other self-powered 
vehicles. 

0019 Carrying vehicles may use a truck at each end of 
the carrying vehicle using two trucks per vehicle or use 
single trucks carrying the ends of the adjacent carrying 
vehicles in an arrangement defined as “articulation'. This 
articulation allows two vehicles to share the articulating 
truck, resulting in a reduction in the total number of wheels 
required to carry the train. 

0020. A closed duct protects the carrying vehicles and the 
installations therein against climatic conditions, providing a 
transportation service that continues without interruption 
from bad climatic conditions such as windstorms, Snow and 
ice storms. Materials for this design may be of many forms 
with or without channels, pipes or conduits for the place 
ment and transportation of various control or utilities such as 
fiber optics or street lighting. 

0021 Overhead suspension allow vehicles with sus 
pended car bodies to move overhead and separated from all 
other functions, allowing the service to be completely auto 
mated for safety, reliability and economic operation. If there 
are segments of a route where the duct may descend low 
enough for the suspended bodies to travel closer to, the 
ground when entering a low station platform, a tunnel or 
Subway segment, by way of example. In Such a situation the 
operation ceases to be overhead and fully separated. It is 
then desirable to have a right of way in Such segments of 
route for an automated operation adequately protected 
against trespass. 

0022. Embodiments of the present invention illustrated 
herein by way of example, show that it is a simple matter 
where applicable to incorporate a system of quick detach 
into the Suspension system so that car bodies may be 
exchanged according to the needs of various commodities, 
either passengers or freight. The "Quick Detach” may carry 
the full weight of the suspended body once it is in place. 

0023 The chassis of the carrying vehicle may be pro 
vided with a winch and cable system or other lifting devices 
Such as pneumatic cylinders so that the carrying vehicle may 
raise or lower the car body without external assistance, 
facilitating exchange and interchange of bodies, or allowing 
movement in service of the carrying vehicle without a car 
body attached beneath it. Such lifting devices do not need to 
continue carrying the weight of the Suspended bodies once 
the quick detach is locked into place, relieving the weight 
from the lifting device, but may continue to serve as 
secondary safety devices in the event of any mechanical 
complications. 

0024. Embodiments of the quick detach may incorporate 
guides to ensure correct nesting of the components, so that 
car bodies with the compatible attachments above can be 
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lifted either by lifting mechanisms incorporated in the 
chassis or by any contemporary means such as forklift trucks 
and offered up to the matching attachments on the chassis 
above and locked into place for safe transportation. Such 
allows for an accurate mating of electrical connections (if 
required) between the carrying vehicle and the Suspended 
car or freight vehicle for heating or air conditioning, refrig 
eration of the container or freight car, door activation, 
lighting and communications. This nesting function ensures 
proper mating of the attachments on the body with the 
attachments on the carrying vehicles when bodies are lifted 
up to the carrying vehicles. The design quick detach system 
permits the operation of attaching and locking or unlocking 
and detaching the car bodies and remote controlling or 
automation. 

0.025 The suspension system of the carrying vehicle 
adequately limits or prevents the longitudinal freedom of the 
Suspended car body so that Suspended car bodies can travel 
close together without impacting and thus allow safe pas 
sageways connecting body to body according to the needs 
for various commodities for either passengers or freight. 
Such embodiments limit the longitudinal freedom of the 
Suspended car bodies beneath the carrying vehicle that 
allows the bodies to travel closely together without impact 
ing each other. 

0026. Alternatively, the tracks within the duct or on the 
“I beams may be of different carrying surfaces as desired, 
including steel wheels, roadway wheels, air cushions, mag 
netic elevating components or other means of movement on 
which vehicles and Suspended bodies may move along the 
running Surfaces of the duct. 

0027. An alternate embodiment of the present invention 
includes tracks attached on ledges on outer walls of the duct. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 Embodiment of the present invention are herein 
described by way of example with reference to the accom 
panying drawings in which: 

0029 FIG. 1 is a pictorial elevation view of one embodi 
ment of an overhead transportation system in keeping with 
the teachings of the present invention; 

0030 FIG. 2 is a partial cross-sectional, side elevation 
view of one embodiment of the present invention illustrating 
elements contained therein; 

0031 FIG. 3 is an end elevation view of FIG. 2. 

0032 FIGS. 4 and 5 are partial end elevation views of 
alternate embodiments of the embodiment of FIG. 2 illus 
trating use of I-beam and double I-beam continuous bridge 
forming a running Surface; 

0033 FIGS. 6 and 6A are a partial side elevation views 
of a combination of carrying vehicles and car bodies joined 
to form a train, by way of examples; 

0034 FIGS. 7 and 8 are partial side and end views of one 
quick detach embodiment of the present invention; 

0035 FIGS. 9A and 9B are diagrammatical illustrations 
of mechanical linkage creating a center of rotation in keep 
ing with the teachings of the present invention; 
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0.036 FIGS. 10A, 10B, 11A, and 11B are diagrammatical 
illustrations using arcuate Surfaces for creating a center of 
rotation in keeping with the teachings of the present inven 
tion; 
0037 FIGS. 12A and 12B are diagrammatical illustra 
tions using adjustable springs, pistons, and the like for 
providing a center of rotation in keeping with the teachings 
of the present invention; 
0038 FIGS. 13 A-16B are diagrammatical illustrations of 
OSLR system performance on a curve with and without 
Superelevated track as compared to typical track carried at 
ground level, wherein FIG. 13A and 13B address vehicles at 
standstill on curves having superelevated track, FIGS. 14A 
and 14B address vehicles traveling on curves without super 
elevated track, FIGS. 15A and 15B as well as 16A and 16B 
address vehicles traveling on curves with superelevated 
track; 
0.039 FIGS. 17 and 18 are partial side and end views of 
a grapple embodiment useful with the carrying vehicle of the 
present invention; 
0040 FIGS. 19 and 20 are partial side and end views of 
a grapple styled adaptor embodiment useful with the carry 
ing vehicle of the present invention; 
0041 FIG. 21 is a partial side view illustrating a loading 
of a car body; and 
0042 FIG. 22 is a pictorial view illustrating an embodi 
ment of a station useful with embodiments of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0043. The present invention will now be described more 
fully with reference to the accompanying drawings in which 
preferred embodiments of the invention are shown and 
described. It is to be understood that the invention may be 
embodied in many different forms and should not be con 
strued as limited to the illustrated embodiments set forth 
herein. Rather, these embodiments are provided so that this 
disclosure may be thorough and complete, and will convey 
the scope of the invention to those skilled in the art. 
0044) With reference initially to FIG. 1, a transportation 
system 10 following the teachings of the present invention 
may include a running Surface 12 Suspended above ground 
level 14 by a support structure 16. A truck 18, also known 
as a bogie, is operable along the running Surface 12. As 
herein described by way of example, a car body 20 may be 
suspended from a chassis 22 carried by the truck 18 for 
suspending the car body above the ground level 14. As will 
be further described within this disclosure, the car body 20 
will rotate laterally about a center of rotation that is above 
the roof of the car in this case at 22 that results in a desirable 
effect on passengers or cargo carried in the car body. It is to 
be understood that the car body 20, herein illustrated by way 
of example, may be a passenger car, a freight car, or a 
combination thereof. 

0045. With continued reference to FIG. 1 and to FIGS. 2 
and 3, the system 10 may include a generally U-shaped duct 
24 having a slot 26 therein formed by opposing flanged 
portions 28 of the duct. With the U-shaped duct 24 in an 
inverted position, an upper Surface of the flanged portions 
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may form the running surface 12. As illustrated with refer 
ence to FIGS. 4 and 5, and as will be further detailed later 
in this section, the system 10A may include an I-beam 30 
having opposing lower flanged portions 32, the upper Sur 
face of which form the running surface 12. Yet further, the 
system 10B may include an I-beam pair 34 (double I-beam) 
or truss, having opposing outer flange portions 36, upper 
surfaces of which, may form the running surface 12. The 
duct or I-beam structures serve as a continuous bridge or 
viaduct, typically assembled in sections, and designed to 
carry the weight of a train 21 of vehicles moving within and 
suspended below it, as illustrated with reference to FIG. 6 
and as will be further described later in this section. The 
tracks on the running Surface may be steel rails similar to 
those used in traditional railroad services, or in Streetcars, 
Subway systems or modem light rail installations, or other 
forms of running Surface on which vehicles may move. 
0046) The support structure 16 may comprise a column 
38 and cooperating arm portion 40 for Supporting the 
running Surface 12 as illustrated by the various Supports of 
FIGS. 1 and 4, herein presented by way of example only. It 
is expected that the support structure 16 will be built 
according to a specific environment and will use known 
engineering standards. 
0047. With reference again to FIGS. 2-5, the truck 18 
may be described as including a frame 42 having wheels 44 
operable therewith for transporting the truck along the 
running surface 12. A rail pair forming a track 46 may be 
carried by the running surface 12. For one embodiment 
herein described by way of example, the wheels 44 and the 
track 46 may be well known ground level railroad standards, 
wherein the track and wheels are steel, and wherein each 
wheel pair 48 is synchronized with each wheel 44 being 
tapered for self centering while rolling along the track when 
using the embodiment illustrated with reference again to 
FIGS. 1-3, by way of example. The tracks 46 may be of 
different carrying surfaces for steel wheels, roadway wheels, 
air cushions, magnetic elevating components or other means 
of movement along the running Surface 12. 
0.048. As will be further detailed later in this section, 
designated portions of the track may be superelevated. With 
reference again to FIG. 2, the system 10 includes the chassis 
22 carried by two trucks 18. However, a single truck may be 
used. Yet further, and as illustrated by way of example with 
reference to FIG. 6, it is expected that a plurality of car 
bodies 20 will be suspended from a plurality of chassis 22, 
wherein a coupler 50 on each chassis is used connect an 
adjacent chassis, and wherein adjacent car bodies are acces 
sible through a walkway 52 permissible because of the 
controlled longitudinal motion of the car body 20 resulting 
from the embodiments for a suspension member 54 of the 
present invention, further described later in this section. 
Modern rail technology allows the carrying vehicles to use 
either a truck at each end of the carrying vehicle using two 
trucks per vehicle or to use single trucks carrying the ends 
of the adjacent carrying vehicles in an articulating arrange 
ment. This articulation allows two vehicles to share the 
articulating truck, resulting in a reduction in the total number 
of wheels required to carry the train. The carrying vehicles 
moving in the duct or under the “I” beams may have the 
couplers 50 at each end, allowing them to be coupled 
together into trains of any length. This also allows for the 
accurate mating of electrical connections between the car 
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rying vehicles coupled together according to well-estab 
lished practice for multiple-unit operation for transmitting 
power and command functions for propulsion and/or to 
control, heating or air conditioning, refrigeration of the 
container or freight car, door activation, lighting and com 
munications. 

0049. With continued reference to FIGS. 2 and 3, the 
suspension member 54 suspends the car body 20 from the 
chassis 22, and may be described as having a proximal end 
56 operable with the chassis for attaching and detaching 
therefrom, and an opposing distal 58 end operable connected 
to the car body. In one embodiment, the distal end 58 is 
rigidly affixed to the car body 20. A connector 60 is operable 
with the Suspension member 54 for quickly attaching and 
detaching the car body 20 from the chassis 22. As illustrated 
with reference to FIGS, 7 and 8, one embodiment of the 
connector 60 may include a vise 62 for receiving the 
Suspension member proximal end 56 therein and a turn 
buckle 64 for securing the vise in a locking position. Such 
an arrangement permits quickly attaching and detaching of 
the car body 20 from the chassis 22, including a quick 
detaching and attaching of electrical and controls using a 
mating plug 66 herein described by way of example. By way 
of example, each car body 20 to be suspended has attach 
ments above the roof 68 thereof to mate with matching 
attachments 70A, 70B such as an electrical connector, on the 
underside of each carrying vehicle 72 and roof of car body, 
the carrying vehicle comprising the truck 18, wheels 44, and 
the chassis 22, to serve in quickly detaching and attaching 
the car body using a “latch and lock” styled function to 
prevent accidental detach. As herein described with refer 
ence to FIG. 2 and later in this section, a suspended car body 
20 may be detached and replaced with others quickly, easily 
and conveniently. The carrying vehicle 72 may carry a 
winch 74 and cable 76 or other lifting system so that the 
carrying vehicle may raise or lower the suspended bodies 20 
in a process that can be partially or wholly automated using 
a lift connector 78 operable on each car body. Other lifting 
components such as hydraulic cylinders on the chassis or on 
the body being lifted may be in addition to or substituted 
according to local practice. 
0050. With continued reference to FIGS. 7 and 8, and by 
way of further description, the suspension member 54 acts 
as guide plates to lead the car body 20 into place beneath the 
carrying vehicle 72 when it is lifted into place, and controls 
the longitudinal freedom of the Suspended car body during 
operation. The attachment 70B, a column holding the elec 
trical connections mates with the matching connections of 
the attachment 70A on the carrying vehicle above. A group 
of electric connectors may be provided, normally protected 
against climatic conditions by a cover when not Suspended, 
but exposed when the cover is opened by human or auto 
matic means as the body is being lifted towards the carrying 
vehicle. The connectors may be incorporated as an integral 
part of the quick detach. Member attached to the carrying 
vehicle from which the clamping components of the carry 
ing vehicle are hinged, and may be an integral component of 
the chassis, or may be hinged or pivoted to allow the car 
body to swing laterally under the effect of centrifugal forces. 
Hinge pins Support the load transmitted from the car body 
below. Clamping components hold the Support in place and 
thus the Suspended car body. A load-carrying Surface of the 
clamping components mattes with the corresponding Sur 
faces of the car body. The turnbuckle 64 opens and closes the 
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clamping components to receive or retain the load-carrying 
members of the car body. More than one turnbuckle 64 may 
be installed for security in redundancy. The turnbuckle may 
be turned by hand or may be motorized as part of an 
automatic operation. Clearance space in the Support member 
allows it to pass the turnbuckle as it is lifted upwards into the 
clamping components. The group of electrical connectors 
may mate with the corresponding connector(s) on the car 
body while they are attached together. A shroud guides the 
electric connectors into place and protects the contact inter 
face when connected. 

0051) The car body 20 may be lifted up by crane or 
fork-lift truck or other lifting device to attach it to the chassis 
22, or the chassis of the carrying vehicle 72 may alterna 
tively be provided with the winch and cable herein in 
described, or other lifting device Such as pneumatic cylin 
ders whereby the carrying vehicle may raise or lower the car 
body without other mechanical assistance, facilitating 
exchange of bodies, or allowing operation of the carrying 
vehicle without a car body attached beneath it. By way of 
example, when the carrying vehicle is not carrying a car 
body, the portion of the attachment that remains with the 
carrying vehicle may not project below the railhead (top of 
the track), enabling the carrying vehicle without the car body 
on flat floors or other surfaces allowing the use of standard 
rail car repair shops. The detached car bodies can be lowered 
on to any form of rail or road vehicle for transportation into 
the same shop or another body shop. The quick attach and 
detach incorporated into the suspension are optional as are 
winches, pneumatic devices and cables on the chassis to 
raise or lower the car bodies without outside assistance. 

0.052 With reference again to FIGS. 4 and 5, and now to 
FIGS. 9A-16, the suspension member 54 may have alternate 
embodiments in keeping with the present invention, embodi 
ments of Some are herein described by way of example, and 
may be described as including a first support 80 carried by 
the chassis 22 and a linking arm 82 connected between the 
car body 20 and the first support. 
0053 With reference to FIGS. 9A and 9B, a first bracket 
pair 84 may be affixed to the roof 68 of the car body 20 and 
a second bracket pair 86 affixed to the first support 80, 
wherein the linking arm 82 comprises a linking arm pair 
82A, 82B, each having proximal and distal ends 88, 90 
slidably connected to the first and second brackets 84A. 
84B, 86A, 86B of the first and second bracket pairs 84, 86 
for providing a lateral movement or rotation 92 of the car 
body 20 about a center of rotation 94 located above an actual 
pivot connection location 96 and above the chassis 22. The 
center of rotation 94 may be viewed as a “virtual center of 
rotation. For the embodiment illustrated with reference to 
FIGS. 9A and 9B, the center of rotation 94 is laterally 
displaced to 94A during rotation of the car body 20. With 
reference again to FIG. 9A, it will be understood by those 
skilled in the art that the fixed or flexible connections, pins 
and bushes, hinges, or other devices that form connections 
allow pivoting at the connecting points. For minimal dis 
placements, the lower body suffers both a lateral displace 
ment and a rotation near the virtual center of rotation. For 
larger displacements, the effective center of rotation also is 
displaced, thereby diminishing the effectiveness of the 
device. 

0054) With reference to FIG. 10A, an arcuate member 98 
may be used for rotatably connection with a surface 100 of 
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the first support 80. A bracket 102 may have a proximal end 
104 rotatably operable with the arcuate member 98 and a 
distal end 106 affixed to the car body 20. As illustrated with 
reference again to FIG. 10, the surface 100 of the first 
Support 80 may comprises a concave shape for receiving the 
arcuate member 98, or alternately as illustrated with refer 
ence to FIG. 10B, may be generally flat. Further, the arcuate 
member 98 may be circular in cross section as illustrated by 
way of example with reference again to FIG. 10A, or oval 
as illustrated with reference to FIG. 10B, or other arcuate 
shape as may come to the mind of those skilled in the art 
now having the benefit of the teachings of the present 
invention such as the embodiments of FIGS. 11A and 11B, 
by way of further example. When displaced sideways, the 
leading wheel rolls on to a larger radius, causing the body to 
lift on that side, while the wheel on the trailing side rolls on 
to a smaller radius, lowering the body on that side, creating 
a virtual center of rotation at the center of concavity, when 
the body is displaced sideways. With such an embodiment, 
the potential angle of rotation may be increased while the 
physical radius of rotation is reduced. Yet further, and with 
reference to FIGS. 12A and 12B, the linking arm 82 may 
comprise a spring, a piston, or a combination 108 thereof. 
By way of further example, the suspension member 54 may 
include the arcuate members 98 or other means that allow 
sideway movement on the curved surface, allowing the car 
body to roll under the effect of centrifugal forces. Damping 
may be incorporated to minimize continued oscillations. The 
only force tending to return the body to the vertical position 
is the force of gravity. As a result, the springs perform a 
damping function during an outward Swing and Suppress 
continuing oscillation. 
0055. It is an option of the design that, at any point in its 
length, the Suspension member may incorporate a connect 
ing point capable of serving as the hinge or pivot of a 
pendulum to allow the body to swing outward without 
depending on the rolling effect of the top beam o the car 
body. This hinge or pivot may require an added feature to 
ensure damping to prevent oscillation or to enhance Swing 
out. We define this feature as a swing damper. 
0056 Consider the technology of the pure pendulum. 
When the moving vehicle of the OSLR system enters a curve 
following along a track or line of roadway, the inertia of the 
Suspended body would continue in a straight line, but the 
curving track or roadway causes a lateral displacement of 
the carrying vehicle above. This applies a sideways force at 
the point of attachment that pulls the body sideways into the 
curve, while the inertia in the bodies causes a tilting motion 
and a Swing out that compensates for the centrifugal forces 
of the curving motion. The vertical distance between the 
point of attachment and the center of gravity of the car body 
should be sufficient so that the inertia of the vehicle pulls 
sideways at the point of attachment and creates a torque 
causing the tilting of the body and outward Swing on the 
curve. This creates the action of a pendulum. The effective 
ness of lateral Swing is related directly to the effective length 
of the pendulum and the centrifugal forces applied. The 
center of attachment may use a mechanical pivot point or 
bearing, or may use mechanical linkages that can create 
virtual centers of rotation at distances higher than the actual 
points of Suspension. If the pendulum principle is used for 
bottom-supported vehicles, the point of attachment should 
be far enough above the center of gravity of the car body to 
ensure that the effective length of the pendulum shall be 
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adequate. It is also envisioned that both tilting assistance and 
damping might be used to increase passenger comfort. This 
pre-emptive tilting is especially important if the track does 
not allow a suggested 6-second transition curve. 
0057 Consider incorporating a “virtual center of rota 
tion principle, wherein a virtual center of rotation is created 
when a body is carried so that it can be caused to rotate as 
if supported like a pendulum from a center of rotation above 
or below the point of attachment. This principle can be 
added into the physical mounting of an actual pendulum to 
create an effective length longer than the actual pendulum 
attachment offers. There are many forms of mechanism 
capable of rotating a body around a virtual center of rotation 
when required. Since a virtual center is not central to the 
body, there are limits of movement for which the simulation 
remains viable. Each form has its benefits and its limitations. 
Generally the limitations are on the amount of rotation 
available, beyond which the simulation becomes invalid. 
0.058. The distance that the wheels or rollers can move 
without passing the points of their maximum and minimum 
radii limits movement. Beyond this point the effect is 
reversed. With an elliptic wheel or roller on a flat surface, a 
center of rotation is created at the center of concavity with 
the body is displaced sideways. The weight of the body is on 
the wheels or rollers. The roller or wheel may be replaced by 
a cam and follower system that can control the motion by 
using a motor system to rotate them. This then allows the 
mechanical control based on the synthetic curve Superim 
posed in the cam track. These mechanical powered means 
could take the form of many more examples. For a sus 
pended vehicle much more tilt can be achieved. The fittings 
may include springs, pneumatic cylinders, hydraulic pistons, 
cams or combinations of Such, allowing variations in their 
lengths. When one of these fittings is shortened, a body roll 
is created. The other fitting may be lengthened at the same 
time, lowering the body on that side, doubling the body-roll 
effect. There is no need for any centerpin or pivot point, but 
the effect is of a virtual center of rotation at the midpoint 
between these fixings. Brackets may be springs, pneumatic 
cylinders, hydraulic pistons cam systems or combinations of 
both, capable of extension or compression to meet the needs 
of the operation. 
0059. With reference again to FIG. 12B, the springs, 
pneumatic cylinders, hydraulic pistons cam systems or com 
binations of both, rest on the upper surface of the first 
support 80. An extra member attached to the top portion of 
the bracket 102 suspends the car body 20 beneath a flat 
member that rests on top of the springs, instead of being 
Suspended, thereby allowing variations in their lengths to 
change the position of the car body in relation to the first 
Support. When one of these fittings is lengthened, the car 
body is lifted on that side, creating a body roll. The other 
fitting may be shortened at the same time, lowering the body 
on that side, doubling the body-roll effect. There is no need 
for any centerpin or pivot point, but the effect is of a virtual 
center of rotation at the midpoint between these fittings. The 
lengths of the cooperating fittings herein described by way 
of example will govern location of the center of rotation. 
Virtual centers of rotation provide effective lengths of pen 
dulums for enhancing the performance on curves of over 
head-Suspended transportation vehicles. 
0060 Some modern bottom-supported rail passenger 
vehicles have Suspension of car bodies at points of attach 
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ment below the roof of the car. Problems have been found 
in the short vertical distance between the point of attachment 
and the location of the wheels at track level. The pendulum 
effect may be inadequate to achieve a natural Swing out, so 
that powered tilt also has been applied. In the case of 
bottom-supported vehicles with obstructions beside the line 
of route, usually there is a physical limitation on the amount 
of lateral Swing that can be allowed. As applied to top 
Supported vehicles, by way of example, a virtual point of 
rotation can be established high enough to reduce or avoid 
needing powered tilt. However this may not overcome the 
limitations of constrained lateral freedom of movement that 
may restrict potential benefits. The vehicle takes the form of 
a carrying vehicle running on a track or tracks overhead. Car 
bodies may be suspended below, with freedom to swing 
laterally to achieve the pendulum effect. The effective center 
of rotation between the car body and the carrying vehicle is 
to be as high as possible to assure adequate pendulum effect 
on curving, while functioning within the constraints of any 
obstructions that may be found alongside the path of move 
ment. 

0061. In both circumstances, the freedom for lateral 
Swing will be provided with desirable damping to suppress 
continuing lateral oscillations. Consider, by way of example, 
a use of this principle in practice, and in particular for the 
system with reference now to FIGS. 13A-16B, by way of 
example. 

0062 For vehicles 72 at a standstill on a curve, consider 
the drawings of FIGS. 13A and 13B. In bottom-supported 
steel rail systems, there are limits on permissible Super 
elevation of track on curves that impose limits on speed 
performance. If the car body 20 or train 21 has occasion to 
come to a standstill on the curve, passengers in the car 
bodies will feel the car body leaning towards the center by 
the amount of the super-elevation plus the tendency of the 
car body to lean further over by the elasticity of the car 
springs. Because of freight requirements, most track in the 
Americas is only Superelevated to 4°. Dedicated passenger 
operators have accepted that the acceptable Super-elevation 
is set at 6° of angle. The body is likely to lean a further 2, 
so that passengers in a bottom-Supported car at standstill on 
Such a curve are discomforted by the car leaning over by as 
much as 8° of angle. Current operating practice accepts 6 
of super-elevation to be the limit of acceptability for the 
comfort of passengers in a stationary car. The car that is 
Suspended overhead simply Swings back to the vertical 
position when brought to standstill on a curve. The passen 
gers feel no discomfort, so that passenger comfort does not 
govern the permissible Super-elevation of the track or road 
way above. The permissible super-elevation is governed by 
the limit of friction between the wheels and the track, so that 
the wheels do not slide down towards the low side of the 
slope. For the steel wheel system herein described by way of 
example, this limit is taken as 10° of angle. Tests have shown 
that it easily exceeds 16 degrees, indicating 10° of Super 
elevation uses only 62% of this range. The speed difference 
compared with tracks of 4° superelevation in the Americas 
is 2 times faster under this condition. 

0063 For vehicles moving on curves having no superel 
evation, consider the drawings of FIGS. 14A and 14B. 
Curves with no super-elevation may be found for light rail 
systems where the tracks are laid in Streets or paved road 
ways that require the tracks to be installed flat with the 
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roadway Surface. Operators using bottom-Supported 
vehicles on flat curves generally set speed limits such that 
passengers feel over-speed to the equivalent of 3° of defi 

Jan. 25, 2007 

described for the present invention runs this curve at the 
same 20° as in the previous example. The speed ratio is 1.15, 
or 15% faster than the bottom-supported vehicle. 

TABLE 1. 

Vehicle speeds on curves: comparisons of speed performance 
Speeds of botton-supported, tilting body and overhead-suspended vehicles 

Degrees of curvature 

Radius of curve(feet) 

Calculated speed 
Effective degrees performance on Curves 

of Superelevation 5 10 15 2O 

1146 573 382 286.5 
Both tracks with zero Superelevation 
(Sky Train body Swings out 10 degrees) 

Bottom-Supported non-tilting speed mph 1 17.3 12.2 10 8.6 
Bottom-Supported tilting body speed mph 9 51.9 36.7 29.9 Unlikely 
Sky Train overhead-Suspended speed mph 10 54.6 38.6 31.5 27.3 
Track at grade 6 degrees Superelevation 
(Sky Train 10 Superelevation + 10 Swing out) 

Bottom-Supported non-tilting speed mph 7 45.7 32.3 26.4 22.9 
Bottom-Supported tilting body speed mph 15 66.6 47.1 38.5 Unlikely 
Sky Train overhead-Suspended speed mph 2O 76.6 54.2 44.2 38.3 

Vehicle speeds on curves illustrated by way of example include comparisons of speed performance. By 
way of Supporting example, speed ratios may be calculated with: 
Speed ratio (1) = Squ root Sin 10 Sin 1 = Squ root 0.1736,0.0174 = Squ root 9.9 = 3.14 
Speed ratio (2) = Squ root Sin 20 Sin 7 = Squ root 0.3420/0.1218 = Squ root 2.806 = 1.675 
Speed ratio (3) = Squ root Sin 20 sin 9 = Squ root 0.3420/0.1564 = Squ root 2.186 = 1.48 
Speed ratio (4) = Squ root Sin 20/Sin15 = Squ root 0.3420/0.2588 = Squ root 1.3214 = 1.149 

ciency. The car body may lean away from the curve as much 
a 2°, so that the net curving speed without Super-elevation 
can rely only upon 1 inward. The system of the present 
invention having vehicles on flat curves can Swing out at a 
speed that creates an outward force not exceeding a prese 
lected limit of 10°, so that the wheels will not slip towards 
the outer rail. In this condition the passengers continue to 
travel in comfort and feel no curving deficiency. The net 
curving speed can be based on 10° inward. The speed ratio 
is 3.2. So the overhead-Suspended vehicle can go round the 
curve over three times faster than the bottom-supported 
vehicle. 

0064. For curves having a desirable superelevation, con 
sider the drawings of FIGS. 15A and 15B. For bottom 
supported vehicles on curves with 6 of super-elevation, the 
passengers are expected to feel 3° of deficiency, while the 
car body can lean outwards by 2. So the net curving speed 
is based upon 7° of super-elevation. The overhead-sus 
pended vehicles on curves with track super-elevation 10° 
can Swing out by a further 10, so the curving speed relates 
to 20 of super-elevation. The speed ratio is 1.67, or the 
overhead suspension allows curve speeds 67% faster. 
0065. By way of further example, consider tilting bodies 
on curves with a “maximum” acceptable superelevation with 
reference to FIGS. 16A and 16B. Power tilt above the wheels 
has been developed in bottom-supported vehicles where 
bodies are tilted for faster curving while improving comfort 
for the passengers. Published data for cars with tilt mecha 
nisms show up to 6° of tilt added above the track super 
elevation. On curves with super-elevation of 6° and over 
speed of a further 3, this allows a net curving speed 
equivalent to 15° of super-elevation. The overhead-sus 
pended vehicle for the embodiment of the system herein 

0.066. With reference to FIGS. 13 A-16B, support for 
enhanced performance of the system is herein provided. 
With reference again to FIGS. 16A and 16B, a pendulum 
effect is realized as illustrated by the bottom-supported, 
tilting-body system traveling at speed on a curve where the 
track is super-elevated to 6° with a body tilted to a further 
6°. These are traditionally limiting values for super-eleva 
tion of railroad tracks and the amount of tilt built into a 
tilting-body vehicle. Steel wheels and fixed axle assembly 
are provided for the trucks that may be of conventional rail 
construction. A spring plank, an upper component of the 
vehicle truck. A tilt mechanism may use adjustable springs, 
pneumatic cylinders, hydraulic pistons or combinations, 
normally incorporated in modern truck design and may be 
elaborated to cause the body to tilt on curves. The car body 
tilts to compensate for curving forces. Upon entering a curve 
at the operating speed, a control system on the bottom 
Supported car adjusts the lengths of the spring or a piston 
device appropriately, to expand on one side and to contract 
on the other side. This creates a center of rotation at the 
mid-point between the springs, with the roll inwards towards 
the inside of the curve. The tilt of the body does not arrive 
naturally. The center of rotation is below the center of 
gravity of the body, obviating any pendulum effect. The 
lengths of the springs must be powered and controlled 
separately. Any or all of the techniques described below for 
virtual centers of rotation may be applied for bottom 
Supported systems. Usually there is a constraint on lateral 
displacement of the body, which must remain within the 
loading gauge of the alignment through which the vehicles 
are to run. With reference again to FIGS. 16A and 16B, by 
way of example, an overhead-Suspended system is illus 
trated at speed on a curve where the duct is super-elevated 
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to 10° with the body swung out to a further 10°. Calculations 
show that this allows curving at a centrifugal force of 0.34 
G with assured passenger comfort. For the system herein 
described, the traditional constraints on Super-elevation and 
body-swing do not apply, allowing the outward Swing of the 
car bodies to be greater than the traditional figures. Using 
values of 10° for each is an interim selection, derived from 
preliminary laboratory experiments. Subsequent experience 
may allow different or greater values to be used. One 
attribute of the suspended system is that the center of 
rotation is at a distance well above the roof of the car body 
to allow adequate pendulum effect allowing the body enter 
ing a curve to Swing out naturally under centrifugal forces 
0067. As earlier discussed, it is expected that the duct or 
running Surface will be suspended by any desired means, 
Such as portals, “T” columns or cantilevered columns, 
ceilings of building or tunnels, Suspending bridge beams, or 
girders as is typical Suspension methods. 
0068. Upon entering a curve at the appropriate speed, 
centrifugal force can hold the body outwards from the track 
by 10° in addition to the 10° of super-elevation, so that 
effectively the body can be swung out to a total 20°. 
0069. With a typical spring effect, a restoring force is 
created, tending to return the body to a neutral position as 
described with reference again to FIG.16B. This may not be 
desirable. As a result, embodiments of the present invention 
provide for a change in lengths of the Suspension member 
without developing restoring forces. The weight of the body 
is carried below, while presenting equal distribution of 
loading. This allows the body to swing freely outwards 
solely under the gravitational and centrifugal forces. 
0070 This transverse movement or tilt may be aug 
mented by adding a force to stimulate the tilting motion 
early as in a tilt train mechanism in the case where curves do 
not allow a long enough transition segment. 
0071. The assembly of the car body 20 and the carrying 
vehicle 72 together allows the center of rotation for the 
outward Swing to be located at the highest point above the 
center of gravity of the car body, which is most desirable for 
performance in curves. 
0072 Relatively high superelevation is permissible for 
the system 10. In bottom-Supported systems, Superelevation 
usually is limited to 6° by comfort conditions in case a 
vehicle becomes stationary on a curve. These considerations 
of comfort in vehicles stationary on curves do not apply to 
overhead-Suspended systems. In case of a suspended vehicle 
stopping on a curve the Suspended car simply returns to the 
vertical position. The limit on Super-elevation depends upon 
the friction between the vehicle and the track, such that the 
downward force of gravity should not cause the vehicle to 
slip sideways down towards the lower side. The coefficient 
of friction of steel wheels on steel rails is known to be 
greater than the selected Super-elevation would require. 
Laboratory experiments using /s-scale models were per 
formed by tilting the track with steel-wheel trucks on 
steel rails to measure the angle of super-elevation when 
the wheels first slipped across the track. The results 
measured this angle to be not less than 16.23°. The 
diagrams and calculations in this Submission are based 
conservatively upon the admissible Super-elevation being 
10°, approximately 10 inches on standard gauge of 56% 
inches. 
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0073 Operating up to 10° of super-elevation uses only 
62% of this range. If at any time the angle of slip might be 
exceeded, the flanges slide towards the rail and the slip 
controlled by the flanges of the wheels. Although rail 
stability must be taken into account, in view of the margins 
in angles of slip found in this experiment, it is quite 
reasonable to continue using 10' for planning purposes. 
Apparently using 10° for super-elevation and for outward 
Swing is quite conservative. 
0074 High Swinging out of the car body will be permis 
sible. Centrifugal force creates an outward force on the truck 
and track. The limit is to prevent the wheels from sliding 
sideways up towards the high side. The value presently 
adopted is the same: 10° of outward Swing in addition to the 
super-elevation of the track, allowing a total 20° of outward 
swing, equivalent to a centrifugal force of 0.34 G. The 
accepted value of outward Swing governs the limit of speed 
and comfort on a curve. 

0075. The system for enhanced performance on curves 
applies modern and fully developed components from mod 
ern transportation systems, and to that extent must be 
considered fully mature. The steel wheel vehicle concept is 
fully developed in bottom-supported vehicles. The new 
aspect is the engineering of the same components into a 
suspended vehicle with the point of attachment sufficiently 
above the car body to accommodate adequate tilt and 
Swing-out. The car bodies are suspended at a selected height 
from the roof of the car upwards, with a damped freedom to 
Swing outwards on curves for comfort at curving speeds 
faster than bottom-supported vehicles and all known over 
head-suspended vehicles, with no lateral forces felt by 
passengers, as in an airplane banking. 
0076. The required adaptation would be for engineering 
design and field-testing to assemble proven components in 
the new format. At least one curve would be incorporated in 
the field tests. The location of the curve would be where the 
vehicle could attain a speed demanding 20° of Super-eleva 
tion. The super-elevation of the rails would be 10°. Transi 
tion curves are suggested, long enough to allow the Swing of 
the bodies to assume the full Swing-out position. Calcula 
tions indicate the length of transition curve is likely to be of 
the order of six seconds of journey time. Field-testing may 
be used to measure the performance and determine the 
required characteristics of the lateral freedom and damping 
of the Suspension system. Also field testing will determine 
what may be the further limits of lateral adhesion controlling 
admissible super-elevation on overhead tracks for rubber or 
steel wheel vehicles at standstill and maximum outward 
Swing for these vehicles at speed on curves. 
0.077 As illustrated with reference to FIGS. 17 and 18, 
the system 10 includes a grapple 110 connected to the 
carrying vehicle 72. The grapple 110 may be considered to 
replace the car body 20, or in combination with a container 
112 carried by the grapple 110, be viewed as the car body. 
As earlier discussed, it is intended that the car body 20 be 
viewed as facilitating the transporting of people, freight, or 
the combination. 

0078. With continued reference to FIGS. 17 and 18, the 
grapple 110 may include an upper member 114 removably 
Suspended from the chassis 22 and opposing side members 
116 slidably connected to the upper member for cradling the 
container 112 therebetween 
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0079 The grapple 110 may operate using the winch 74 
and multiple cables controling 76 for lifting the grapple 110 
into place for connecting to the carrying vehicle 72. Alter 
natively, the grapple or a grapple adaptor may be stored in 
a container yard and handled by a crane, forklift truck or 
other transportation machine. The side members 116 of the 
grapple guide and restrain in place, a freight body or 
container 112 being transported in the grapple. The upper 
member 114 of the grapple guides and restrains the container 
in place. Movable top-handling members 118 secure and 
lock to the container in place, by way of example. Lower 
movable members 118 of the grapple add redundant safety 
to also carry the weight of the freight body or container 
being transported. A lifting attachment 120 may be incor 
porated within the grapple 110 for ease of use by a crane, by 
way of example. 

0080 With reference to FIGS. 19 and 20, an adaptor 122 
may be used for carrying known grapples. By way of 
example, the adaptor 122 may include the upper member 
114 and lift attachment 120 as earlier described with refer 
ence to FIGS. 17 and 18, and attached to the carrying vehicle 
72 as earlier described with reference to the quick connec 
tion of FIGS. 7 and 8, by way of example. Attachments 126 
on the upper member 114 take hold of and carry a conven 
tional grapple without requiring modification thereto. 
0081. With reference again to FIG. 17, by way of 
example, the winch 74 and two or more cables 76 relieves 
the weight of the car body, the grapple, or adaptor from the 
quick-detach 60, to allow it to be unlocked. The winch pays 
out the cable to lower the suspended body to the ground or 
on to some other vehicle to carry it away. By way of further 
example, the adaptor 122 can take a stronghold and raise or 
lower a grapple below, enabling the grapple to hold a 
container or other commodity while the commodity, the 
grapple and the grapple adaptor are raised up as an assembly 
with cables or other means attached alternately to the 
grapple or to the compatible portions of the quick detach on 
the carrying vehicle in the duct above. 
0082. As illustrated with reference again to FIG. 1 and to 
FIGS. 21 and 22, station platforms 128 may be installed at 
a level to match the level of the floors 130 in the car body 
20. There is only the thickness of the floor beneath the car, 
so the roof of any waiting areas below or underpass may be 
only a short distance beneath the platform, of the order of 10 
feet by way of example. Waiting rooms or pedestrian under 
passes need be only far enough down to permit persons to 
walk freely below, a height of some 8' as an example. 
Platforms are shown having edge doors that enclose the 
space on the platform, so the enclosed the waiting area can 
be air conditioned for passenger comfort. This ability to pass 
beneath the car body at relatively close elevations allows 
space at intermediate level above the roadway where a 
pedestrian underpass could afford passage for public access 
connecting both sides of the alignment. Rapid and conve 
nient handling of containers 132, Such as airfreight styled 
containers by way of example, results. By way of further 
example, and with reference again to FIG. 21, a “rollodeck' 
styled floor 134 may be installed in one or various portions 
of the car body for ease in moving the container 132 from 
the station platform 128 onto the car body floor 130. The 
rollodeck floor 134 on the station platform may be covered 
by a normal walking floor that can be removed to expose the 
rollodeck floor when needed. Yet further, added features, 

Jan. 25, 2007 

Such as a safety net 135 are easily accommodated, as 
illustrated by way of example with reference again to FIG. 
1. 

0083. With reference again to FIG. 2, by way of example, 
power Supply may provide electrical power through contact 
strips 136 carried on walls or ceiling of the duct 24 for 
supplying electric power to the carrying vehicles 72. The 
vehicles 72 may be self-propelled, as in diesel-electric units 
that would use an on-board electric power supply. Similar 
contact strips 136 may be used for other purposes, such as 
command and communication. The carrying vehicle 72 may 
or may not have motors and control systems for propulsion. 
As earlier described, the wheels of the trucks or bogies may 
be steel wheels according to railroad or light rail tradition, 
or may be rubber tires, or any form of “Maglev or other 
means of affording movement for the vehicle trucks, accord 
ing to the nature of the roadway Surface in the duct. It is a 
new feature that multiple carrying vehicles can be coupled 
together in the duct, with or without bodies suspended 
underneath, to form trains of any length according to the 
needs of the service. 

0084. By way of example regarding safety, the slot 26 is 
too narrow to allow the carrying vehicle 72 to fall through. 
Consequently, safety is assured because the carrying vehicle 
72 is locked into the duct, and the "latch and lock’ function 
of the Suspension system prevents accidental detach of the 
Suspended bodies. 
0085 Contact strips in the duct or on the “I” beams may 
Supply electric power and command and communication to 
the vehicles. Also these contact strips may be used for other 
purposes as needed. Independent carrying vehicles can be 
coupled together into long trains, with or without detachable 
car bodies suspended beneath them. 
0086) The carrying vehicles in the duct cannot fall 
through the slot, while in the beam design mechanical 
protrusions over the track area would keep the vehicles from 
falling and so are safely restrained against falling to the 
ground. 
0087. By way of further example, embodiments of the 
present invention may include the carrying vehicle 72 or 
chassis 22 in the duct 24 using either the truck 18 or bogie 
at each end of the chassis with two trucks per carrying 
vehicle or use a single truck 18A carrying the end 22A of 
adjacent chassis in an arrangement defined as “articulation” 
as illustrated with reference to FIG. 6A. This articulation 
allows two carrying vehicles 72 to share the articulating 
truck 18A, resulting in a reduction in the total number of 
wheels 44 required to carry the train 21. 
0088 Super-elevation of the track has no relationship to 
comfort within the car body 20 at standstill on a curve, 
although this is the controlling factor in bottom-Supported 
vehicles. The permissible angle of super-elevation of the 
track in the system 10 depends solely upon the coefficient of 
friction restraining the wheels of the trucks from sliding 
sideways on the Super-elevated track. By way of example, 
the swinging out of the car body 20 by 10° or more plus the 
greater super-elevation by 10° or more of the track 46 in the 
duct 24 on curves allows curving speeds significantly faster 
than bottom-Supported systems allowing the centrifugal 
force to reach or exceed 0.34 G. 

0089 Pipes may be attached on the side or top of the duct 
to be able to pump liquids through to spray on fires below 
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or to fertilize plants, trees or crops below. The car body may 
include a tank car with pumps may be suspended to spray on 
areas below. The pumps may be powered from the contact 
line in the duct, or the car may carry engines and pumps 
independent of the power Supply lines. 
0090. By way of example, the system 10 may be applied 
to long haul passenger or freight services, at speeds faster 
than on bottom-Supported rail lines. Cars can be small or 
large to Suit the demands of the service. Immediate appli 
cations may be in metropolitan areas where there is desper 
ate need for additional transit capacity that cannot be fur 
nished at ground level without absorbing existing roadway 
capacity, or where tunneling underground is uneconomic 
and not necessary. There is equally a need in intercity 
transportation where modern land uses make it inordinately 
expensive and commercially disruptive, clearing obstruc 
tions to create new rights of way on the ground. Embodi 
ments of the present invention including the system 10 
herein described by way of example, will render all levels of 
rail service from 4, 5 or 6 single cars per hour up to full 
subway levels of trains of ten cars or more every two 
minutes. A local Preference Poll of potential riders in 
Pinellas County Florida has shown that monorails are pre 
ferred over elevated light rail by 40% and over elevated bus 
ways by 140%. 
0.091 The system lends itself to transporting freight in the 
same way. Freight bodies or combination bodies can be 
exchanged and Suspended beneath any chassis above. This 
could be especially useful to transfer containers across city 
lands from shipside to container yards for Sorting and 
loading on to long-haul freight trains. The duct or “I beam 
can carry electricity, tracks and signaling for the operation, 
and for extra revenue, pipelines, communication systems 
and accessory power for street lighting. Separation of the 
return electrical system from the ground into the elevated 
duct avoids the corrosion effect that electric rail trolley 
systems on the ground have on buried metal plumbing etc. 
0092. While the system herein described by way of 
example provides embodiments with performance charac 
teristics superior to modern bottom supported rail or tired 
vehicles, mainline railroads and transit Systems and while 
overhead Suspension eliminates risk of grade crossing acci 
dents at all speeds, many modifications and other embodi 
ments of the invention will come to the mind of one skilled 
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in the art having the benefit of the teachings presented in the 
foregoing descriptions and the associated drawings. There 
fore, it is to be understood that the invention is not to be 
limited to the specific embodiments disclosed, and that 
modifications and alternate embodiments are intended to be 
included within the scope of the appended claims. 

That which is claimed is: 
1. A transportation method comprising: 
Suspending a running Surface above ground level, wherein 

the running Surface includes a curved portion; 
Superelevating the running Surface at least along the 

curved portions of the running Surface; 
providing a carrying vehicle for operating along the 

running Surface; 
Suspending a car body from the carrying vehicle, wherein 

a single axis of lateral rotation of the car body is 
positioned above a pivotally attached location thereof, 
the car body having a floor Surface for carrying a load 
thereon, and wherein the floor surface moves from a 
horizontal orientation to a tilted orientation during 
operation of the carrying vehicle along the curved 
portion of the running Surface so as to result in a 
pendulum like movement of the floor surface and thus 
the load; and 

driving the carrying vehicle along the running Surface. 
2. A transportation system comprising: 
a rail pair forming a track carried; 
a Support structure for positioning the track above ground 

level, wherein the track is Superelevated along a curved 
portion thereof, and wherein the superelevated track 
includes one rail at a different elevation than an oppos 
ing rail; 

a truck operable along the track, the truck having a wheel 
pair synchronized and tapered for self centering while 
rolling along the track; 

a chassis carried by the truck; and 
a car body Suspended from the chassis. 
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