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REGENERATIVE ENERGY SYSTEM FOR GROUND TRANSPORTATION
VEHICLES

Technical Field

{0001} The present disclosure velates generally to ground transportation vehicles,
including those for use in fixed, variably fixed, and unfixed rowtes, such as wains, roller

coasters, and other ground transportation vehicles.

Backgrouwngd

{0002} {Oround transportation vehicles, including those that operate on the ground and
above or under the ground {(examples include those that travel in, on, andior through
roads, bridges, rail systems, tonnels, water, and levitated sbove ground such as Maglev
framns) (berematter "ground transportabion vehicles™), are used i 2 mudtitude of
applications based on, among other things, user requirements, budgets, and intended or
anticipated use.  As such, ground sransportation vehicles will comprise fundamentally
distinet undertving technplogics.

{0603} Automated and semi-automated ground transportation vehicles are generally
ased in applications that require transporting of cargo and/or persons along one or more
fixed or vanably fixed routes. For example, traius have been widely emploved for use in
transporting cargo andfor persons between two or more points, such as stations, along
fixed or variably fixed routes. Oftentiraes, the route of ground transportation vehicles are
formed in a closed-ended or open~-ended manmer 50 a8 to return the ground transportation
vehicles back to the same point of onigin. In such applivations, the ground transportation

vehicles along such routes may stop at one or mare points i between the point of origin,
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or may not stop at all. For example, public commuter trains traverse fixed routes and
make frequent stops at and/or in between subway stations along theiwr rontes. Much larger
and heavier cargo tratos also travel alomg fixed or vaviably fixed routes and may make
frequent planned anddor eaplanned stops, such as to pick up or wnload cargo and at ratfic
signals,  High-speed magnetic levitation {Maglev) trains, which utilize magnetic
levitation 1o levitate, move, and direct irams at very high speeds and agceleration, are
becoming mcreasingly used in many parts of the world, mclading North America,
FEurope, and Asia.  Rollercoasters are an example of very fast ground transportation
vehicles used in transporting persons back to the same point of origin, slthough such
transportation  penerally involves mch higher ascceleration‘deceleration and greater
elevation changes, and are wmtended for a different purpose — thill from the speed, high
elevation drops, and quick and abrupt stops.

{004} Differences between the vartous types of ground transportation vehicles, such
as those described above, include the fundamentally distinct underlying systems and
methods used to operate the vehicles, rate of acceleration, top speed, rate of deceleration,
and overall mass of the collective velucle. On the other hand, conunonadities bebween the
differant types of pround transportation vehicles include the significant amount of energy
expended to operate the vehicles, mcluding starting, accelerating, decelerating, and
stopping.

{0085 Despite recent advances W energy efficiency of ground transportation
vehicles, including those pertaining to starting a vehicle from a statiopary position,

accelerating a vehiole, and maintaining speed of & moving vehicle, 1t is recognized herein
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hat the operation of certain conventional vehicles can be improved, and overall enerev
that the operation of certam ¢o tional vehicles can be iy i, and overall energy

e

consunmpiion can be substautially redoced as a vesult.

Summary

{0006} Present exaniple embodiments relate generally 1o 2 ground gansportation
systemn for interacting with one or more vehicles such as the cars of g rollercoaster, where
at least some of the vehicles comprise at least one magnetic element fixedly attached to
them. These magnetic elements are operable to generate a magnetic field having a first
magnitude and a first divection relative to the vehicles” motion.

{0667} Along the systen’s path, such as at points along a track for trains and
rollercoasters or at other areas such g8 mfersections, turns, mohines, declines, and trathic
hights, the magnetic elements on the vehicles interact with one or more fixedly positioned
magnetic coil assemblies fixedly positioned near the path or other area raversable by the
vehicle,  Such fixedly positioned magnetic coil assemblies comprise a core and a
magnetic wire coil wrapped around the core, the magnetic coil assembly operable to
generate a magnetie field having a second direchion relative to the vehicles” motion,
0008} Further included 1n the described ground transportation systems are one or
More enRrgy storage units operable to release energy to and store energy from the fixedly
positioned magnetic coil assemblies. The vehicles are accordingly operable to secelerate
when the vehicles are proximate 10 a magnetic coil assentbly and when the energy storage
umit releases enerpy to the magnetic coil assembly (o generate the second-divection

magnetic field. The vehicles are firther operable to decelerate when the vehicles are



WO 2014/081441 PCT/US2012/066667

proximate to a magnetic coil assembly and when the first-direction niagnetic Hield causes
the wagnetic coil assernbly to generate the second-direction magnetic field.

{0009 In another exemplary embodiment, a groond fransportation system 1s operable
to interact with vehicles that include at least one magnetic element fixedly attached to the
vehicle. The magretic element of the vehicle 18 operable to penerate 8 magnetic field
having a first magnttude and a first direction. Along the svstem’s path, such as at points
along a track for trains and rollercoasters or at other areas such as intersections, turns,
inclines, dechines, and traffic lights, one or more fixedly positioned magnetic coil
assemblies are fixedly posttioned near the path or other area traversable by the vehicle.
Such fixedly posttioned magnetic cotl assemblies comprise g core and a magnehic wire
coil wrapped around the core, the magnetic coil assembly operable to penerate a magnetic
fizld having 8 second direction relative to the vehicles” motion.

{0010} Further mcluded 1 the described ground transpuortation systems are one or
nI0ore energy storage unils operable to release energy © and store energy from the fixedly
posttioned magnetic coil assemblies. The vehicles are accordingly operable 1o aceelerate
when the vebicles are proximate to & magnetic coil assembly and when the energy storage
anit releases energy to the magnetic coil assembly to generate the second-direction
magnetic feld,

j0011} In another exemplary embodiment, & ground transportation system 1s operable
to ivteract with vehicles that include at least one magnetic element fixedly antached to the
vehicle. The amgnetic element of the vehicle is operable to generate a magnetic fleld
having s first magnitude and a first direction.  Along the system’s path, such as at poiots

along a track for trains and rollercoasters or at other arcas such as intersections, turns,
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inclines, dechives, and traffic lubts, one or more fixedly positioned magnetic coil
assemblies are fixedly positioned uear the path or other area traversable by the vehicke
Such fixedly positioned magnetic cotl assemblies comprise a core and a magoetic wire
coil wrapped around the core, the magoetic cotl assembly operable to generate 3 magnetic
field having a second direction relative to the vehicles™ motion.

jog1} Further included in the described ground transportation systems are one or
more energy storage units operable to release energy to and store energy from the fixedly
positioned magnetic coll assemblies. The vehicles are accordingly operable to decelerate
when the vehicles are proximate {0 a magnetic coil assembly and when the first-direction
magnetic flield causes the magnetic coil assemibly o generate the second-direction
magnetic field.

{0013} In another exemplary embodiment, a method is described for recovering
energy from a moving gound transportation vehicle,  The method mcludes a moving
vehicle generating a first magnetic field having a fivst magnitude and a first direction.
The first magnetic field of the moving vehicle induces an electnc corrent gnd a second
magnetic field having 8 second direction In a magoetic cod assembly.  In this
embodiment, the magnetic coil assembly i3 fixedly positioned at a stationary point within
an area traversed by the velicle. The magnetic cotl assembly s operable to convert the

induced electric current nto energy stovable in an energy storage unit.

Brief Description of the DPrawings

{0014} For a more complete understandimg of the present disclosure, example

embodiments, and their advantages, reference 1s now made to the following description
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taleen i conjunction with the accompanying drawings, in which like reference numbess
indrcate like features, and:

j0015] FIG, 1 s an exemplary embodiment of a svstem for energy regeucration
comprising a ground transporiation vehicle, magnetic coil assembly, and energy storage
assembly;

j00 16} FIG, 2A 05 an exemplary embodiment of & magnetic cotl assembly and energy
storage assembly;

{0017} FIG, 2B s an exemplary embodiment of a magnetic coil assembly and energy
storage assenbly;

{0018} FIG. 3A 15 an exemplary embodiment of a magnetic votl gssembly and energy
storage assembly;

{00191 FIG. 3B i3 an exemplary embodiment of a magnetic coil assembly and energy
storage assembly;

{0020 FIG. 4A s an exemplary embodiment of a system for energy regeneration
compnising a ground transportation vehicle, magnetic coil assembly, and energy storage
asserably;

{0021} FIG. 4B 15 an exemplary embodiment of a system for energy regeneration
comprisiig a ground transportation vehicle, magnetic coil assembly, and enprpy storage
asserubly;

{00221 FIG. 8 is an exemplary entbodiment of a system for epergy regeneration
comprising a ground transportation vehicle, magnetic cail assembly, and energy storage

asserbly;
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{00231 FIG. 6 is an exemplary embodiment of a system for energy regeneration
comprising & ground transportation vehicle, magnetic ool assembly, and energy storage
assembly;

{0024} FIG. 7 is an exemplary embodiment of a system for energy regeneration
comprizing a ground transportation vehicle, magoetic coil assembly, and energy storage
assembly; and

{0025} FIG. 8 15 an exemplary ewnbodinent of instrumentation operable to measure
acceleration,

{0026  Akhough similar reference numbers may be used to refer to similar elements
for convenence, it can be appreciated that each of the varicys example embodiments may

be considered o be digtingt variations.

Petailed Description

j0027] Example embodiments will now be described hereinafier with reference to the
accompanying drawings, which formy a part hereof, and which ilustrate example
embodiments which may be practiced.  As used in the disclosures and the appended
clains, the terms “example smbodiment,” “exemplary embodiment,” and “present
embodiment” do not necessarily refer to a single embodiment, although they may, and
swious example embodiments may be readily combined and interchanged, withont
departing from the scope or spitt of example embodiments.  Furthermore, the
terminedogy as used herein s for the purpose of describing example embodiments only

and is not infended 1o be limitations.  In this respect, as used herein, the term “in™ may

LA

mchade “in” and Yon”, and the termis 2" “an™ and “the” may include singular and plural
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references. Furthermore, as used heretn, the term “by™ may also mean “from”™, depending
on the context. Furthermore, as used hevein, the term "H" may also mean “when" or
"upon,” depending on the context. Furthermore, g5 used herein, the words “and/or”™ may
refer to and encompass any and all possible combinations of one or more of the
assoctated isted items.

[8028] Various methods and svstems bave been developed for use in operating the
various different types of ground tansportation vehicles, mcluding fixed route and
variably fixed-route vehicles such as irains and roller coasters, Hereinafter, references {o
“starting” a vehicle, or the like, will refer to moving and accelerating the vehicle from a
stationary position; references to “accelerating” a vehicle, or the like, will refer to
increasing the speed of a moving velucle in the same divection of wmotion, and can also
include starfing a stationary vehicle in motion; references 16 “stopping”™ a vehicle, or the
fike, will refer to slowmg or decelerating a8 non-stationary vehicle toward or to a
stationary position; and references w “decelerating” a vehicle, or the hke, will refer wo
decreasing the speed of @ moving vehicle, and can also include bringing a moving vehicle
foward or near a stationary position.  Although example embodunents heremn are
described with reference to trains and/or rollercoasters, 1t s to be understood that
example embodiments are also applicable o various other forms of ground fransportation
vehicles, including monorails, streetears, and non-fixed route vehicles sach as trucks and
CALS.

{129} Examples of systems presemtly used 1o start vertain ground wransporvtation
vehicles include motor-based systems, such as mduction metor systems, hydraulio-based

systems, flywheel-based systems, and mass-induced-based systems for rollercoasters,
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such as drop tower svstems.  Examples of present systems used to decelerate and stop
certain ground transportation vehicles include friction-based systems, such as brake pads
on the vehicles, skid braking svsterus, and fin braking systems.

{00304 As known in the art, induction motor-based systems are generally operable to
start and accelerate movenent of a vehicle by passing current from an ensrgy souwrce on
the vehicle through a stator assembly {or conductor) se as 3 create a maguetic field
opposite to an nduced magnetic field of a corresponding rotor assembly {or reaction
plate). During a start operation, a suffictent eleciric curent is passed through the stator
assembly, and a magnetic field becomes generated or mduced by the stator assembly.
The rotor assembly subsequentlv becomes mnduced with purrent in sccordance with
Leng's law, and the rotor assembly is operable 1o generate an opposing magnetic field o
the magnetic fleld generated by the stator assembly. The opposing magnatic fields
cooperate {0 create 8 vepuisive force operable to cause the vehicle o move m & particular
direction.  In practice, the stator assembly will comprise & plorality of stator elements
arranged adjacent to each other so as to cooperatively repel, or “push,” and 1o start and/or
increase the acceleration of the vehicle i a specified divection.

00311 Induction wwotor-based systems have emerged as the system of choiee for
certair ground iransportation vehicles due to, among other reasons, lower energy
consumption, achievable high acceleration, and the ability to control the start and
acceleration of the vehicle by varving the sivength of the magnetic fields, which relates
divectly to the amount of current provided to the stator assembly.

{0032} In contrast, hydranlic-based start systems are penerally known in the ant 1o

operate on the general principle of storing energy into one or more hydraplic

=
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accurmdators.  Each hydraclic accumulator comprises a piston operable to separate
hydraulic fluid from a gas, such as nitrogen. In operation, hivdraulic fluid s injected from
& hydraulic storage tank into one side of the piston, therehy compressimmg the other side
comprising the gas. To create acceleration, the highly pressurived bydraubie fluid s
released from the hydraulic accumulators into motors on a large winch. A cable is wound
around the winch andd attached to a catch car, which is attached to the vehicle, such as a
train. QOnce the vehicle reaches a certain speed, the catch car releases from the vehicle
and returns to its oviginal position.

{00331 Fresently, ground transportation vehicles, such as wrains and rollercoasters,
achieve deceleration and stopping using vavious different types of friction-based braking
systerns. In general, friction-based svsterms operste ander substantively the same
principle ay those wsed in automobiles, comprising a stationary swiace {such as a brake
pad in a car} operalde 1o be pressed by the operator against a moving surface {such ax a
wheel of a car). Friction is then created so as 10 reduce the relative motion of andior stop
the vehicle. In respect to traing, the braking system is generally mounted on the wamn
itself i & manper simitlar o a car, and the brakes are applied directly to the wheels of the
train when deceleration or stopping i desired.  In respect to rollercoasters, fin brakes are
presently the most popular type of friction-hased braking system. Tn general, a fin brake
system comprises a fin on the anderside of the rollercoaster vehicle and friction pads on
the rails of the rollercoaster track. To stop the rollercoaster vehicle, the friction pads are
operable 1o squeeze the fin as the vehicle passes by so as to slow down or stop the
vehicle, Skid brakes, which were popular prior to the widespread ase of fin brakes and

are still nsed i some rollercoasters today, generally comprise one or more elongated
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strips of material, such as wood, that are positioned near or in between the raids of the
track. In operation, to stop an inconung train or rollercoaster, the strips are operable to be
pushed upwards so as to make contact with the nnderside of the moving vehicle and bring
the vehicle to 3 stop.

{0624] A common disadvantage of conventional fricton-based braking systems,
mcluding those described above, inclpde the vansnces in braking performance and
effectiveness, such as those caused when environmental conditions, such as ain, snow, or
heat, are not ideal.

{0035 it 15 recognized herein that the various types of ground transportation vehicles
i use today, including those described sbove, operate on fundamentally distinet
andertying  systems and methods.  Selection from among the vanous different
technologiexy 43 genevally based on  the required or anticipated rates of
acceleration/decsleration, top speed, welght/size/quantity of cargo andior passengers,
travel conditions (such as environmental conditions), elevation changes, stc. Many of
these vehicles, particularly those requiring fast acceleration/deceleration, heavy cargo
Joads, large number of passengers, and/or steep elevation changes, require a significant
amount of encrgy o start and accelerate the vehicle.

{0036} Despite recent advances in energy efficiency, including those pertaining to
starfing a vehicle from a stationary position and accelerating the vehicle, 115 recognized
herein that cerfain conventiondl ground transportation sysfems can be operationally
improved, and overall energy consumption can be substantially reduced as a result.

{0037} FiGs. 1, 2A-B, 3A-B, 4A-B, and 5-7 depict example embodmments of ground

transporiation system 100 comprising ground fransportation vehicle 1 having one of more
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nmagnetic elements (here Hustrated as two magnetic elements 2A and 2B), at least one
magnetic coil assembly 10 fixedly installed in an adjacent and spaced oot manner along
travel route SO (here lustrated as a plurality of magnetic coil assenblies along rals of 8
track) at one or more predetermined pomts (such as a station, a traffic light, an area
having a different speed limit, or an area having a change m elevation}, and energy
storage assenbly 20 comprising transformerrectifior vait 30 and storage unit 40,

{0038} Ground transportation vehicle I comprises one or more magnetic elements 24
and 2B, each of which can comprise one or more strong permanent magnets,
electromaguets, a combination of permanent magnets and electtomagpets, or the like,
mounted near or adjacent to @ side, such as the underside, of vehicle 1. In an example
embodiment, as ilustrated i FIG, 48, velucle 1 comprises two magoetic elements 2A
ard 2B fixedly arranged in an adjacent and spaced oot 3 manner. I is to be understood
that some example embodments can comprise more than two magnetic elements
arranged i one or a plarality of rows. Each of the magnetic elements 2A and 2B
comprise at least one magnetic element stacked 1 such a way that the orientation of the
collective stack of magnetic elements hag esther like or opposing poles. In an example
embodiment shown in FIG. 4B wherein magaetic coil assemblies 19 are fixedly instalied
directly under the path of movement of vehicle 1 on route 50, cach of the magnetic
elements 2A and 2B are mounted on or proximate to the underside of vehicle 1 oand
comprise four magnetic elements stacked in such a way that the ovieniation of the
collective stack of magnetic elements bave opposing poles. U 1s recognized herein that
such a configuration has been found to provide for improved energy consumption,

efficiency, and recovery {to be desoribed later).
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{00391 In an example embodiment, sach of the magnetic coil assemblies 10 comprise
a core 11 having a widih, of the core 11 comprising material(s) capable of having
electromagnetic properties under an electric field, or the like, and & sertes of magnetic
wire coils 12 wrapped around the core 11, Example materials of the magnetic coil
assemiblies 10 include magnetic  material(s), material{s) capable of having
glectromagnetis properties under an electric field, highly permeable material(s), rare carth
metals sach as neodymium, samariurm, yitrium, lanthanum, praseodymitum, promethiom,
gadolinium, and dysprosium, aluminum, electvically insulative ferrite, iron, cobalt, nickel,
manganese, chromium, and metamaterials. 1t is to be understood that the above example
materials have been presented by way of example only, and are not limuting.  Thus, the
breadih and scope of the exarmple ewnbodivoents described herein should ot be linuted by
any of the above-described materials.  In an example smbodiment, the magnetic coil
assemblies 10 are fixedly positioned 1 a row-like manner m the direction of route 50 and
along route 50, as iHustrated in example embodiments of FIGs, 1, 2A-B, 4A-B, and 3-7.
In this regard, the row of magnetic coil assemblies can be installed in such a way as
inferact with the one or more magnetic elements of vehicle 1 (stationary and moving). It
is to be understond that example enmbodiments can comprise at least one of such rows of
magnetic coil assemblios tostalled in such a way as o mterset with the one or more
magnetic elements of velicle 1 (stationary and moving}, In some embodiments, the
magnetic coil assemblies 10 can also be fixedly positioned in the direction of rowte 50
and on the sides of route 50, as Hustrated in FIGs. 3A-B.  In such an embodiment, the
magnetic elements 2A and 2B of vehicle I can be correspondmgly fixedly posttioned on

the sides of velucle 1. In some emboduments, magnetic coil assemblies 10 can also be
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fixedly positioned both divectly under the path of movement of velucle 1 on route 30 and
ont the sides of route 50 (not Hlusirated). In such an embodiment, the magnetic elaments
2A and 2B of vehiclke 1 will be corvespondingly fixedly positioned near the underside
and/or on the sides of vehicle 1. 1o an example embodiment, the magnetic elements 2A
and 2B are positionad 3 in such a way that the spacing 1s equal to approximately half the
width of the core 11, which iy recognized herein 1o provide for umproved energy
consumption, efficiency, and recovery (to be desceribed later).

{0040]  During a start andfor acceleration operation, energy stored in storage unit 40 i3
converted by energy storage assembly 20 to kinetic energy for vehicle 1. Specifically,
the stored energy “activates” one or more raagnetic coil assemblies 10, mcluding those
proximate to stationary vehicle 1 (under, sides, andior top of vehicle 1}, by supplving
electric curvent to the magnetic wire colls 12 of sald one or more magnetic coil
assemblies 10, In some smbodiments, a transformerfrectifier unit 30 is provided between
the magnetic coil assemblies 10 and the energy storage unit 40, As illustrated in the
example embodiment of FIG. 4B, a magnetic field becomes generated by the magnetic
coil assemablies 10 as a vesulf. The cores 11 of the activated magnetic coil assemblies 10
direct the magnetiv field toward the magnetic slements 2A and 2B of vehicle 1. Itis to
be understood berein that the strength and direction of the magnetic field can be varted
and/or flipped by, among other ways, varying the strength, impedancefoad, andfor
direciion of the supplied electric current. Such can be predeterminedipreset, selectable
based on the desired direction of motion of vebicle 1, andior automatically determined/set
based on, among other things, the desired vehicle speediacceleration, vehicle weight,

kanown or expected route, known or expected travel conditions, known of expected
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elevation changes, ete. Correspondingly, magnetic elements 2A and 2B of vehicle 1 are

generated by the

hac

operable to generate an opposing magnetic field to the magnetic field
activated magoetic coil asserablies 10, The opposing magnetic fields create 8 repulsive
force operable to push vehicle 1 in a specified divection, thereby transferring energy to
vehicle 1 m the form of kinetic energy. In example embodiments, the magnetic field
penerated by magnetic eloments 2A and 2B of vehicle 1 can be persistent/continunus (ex.
when magnetic elements 2A and 2B are permanent magnets, always-on electromagnets,
or the like} andior switchably or variably controllable (ex. when magnetic elemenis 24
and 2B are electromsagnets, permanent magnets that can be magnetically shielded, a
combination of clectromagnets and permanent magnets, or the hike). The activated
magnetic coil gssemblies 10 that become positioned pear, adjacent or proximate o
vehicle 1 {such as under or on the sides of vehicle 1) as vehicle 1 moves/accelerates
forward are operable to cooperatively increase the acceleration of vehicle 1 by converting
and transfernng additional energy to vehicle L

{041} In example implementations conducied on vebicles, such as rollercoasters, the
acceleration and deceleration of the vehicles were measwed using a portable
accelercmeter instroment 800, as llustrated in FIG. 8, capable of recording acceleration
and time histories. Referving to FIG. &, the 3-axis accelerometer 801 used for the
instromentation package was an MMA7T361 from Freescale. The operating voltage (VCC
input {46} of the accelerometer 801 was set to 3.3V to match the data logger 803, The G-
SEL 804 input of the accelerometer 801, which sets the upper bound of readable
accelerations, was set at VOC, The SLEEF mput 805, which mtiates the accelerometer

801, was also set at VOO, As with most accelerometers, the MMAT361 typically records
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a negative lg from the earth’s gravitational field. In tus regard, the negative 1y signal
was used to calibrate the accelerometer 801 and determine its initial prientation. The data
logger 803, the Logomatic w2, was powered by a 3.3V voliage regolator 802, In a three-
channe! configuration, the maximum sampling rate was 500 He and the specified
sampling rate was 400 Hz. Data from the data logger 803 was stored in a memory {not
shown), such as an SD card.  The system was calibrated by placing the system
perpendicudar to the earth’s gravitational field in the positive and negative x, v, and ¢
directions.

{0042} it is recognized herein that the at least one magnetic coil assembly 18, which
as described above are adjscently positioned i a spaced mamner 3 along route 50, can
cooperate 1o achieve high acceleration vates and top speeds 1o an energy ethicient manner.
This is achigvable by appropriately selecting system parameters and configurations based
on, among other things, required or anticipated rates of acceleration, iop speed,
weight/size of cargn, number of passengers, travel conditions {such as environmental
conditions), elevation changes, ete. Selectable system parameters and configurations can
include the nomber of operable magnetic elements in the wehicle (an example
implementation for varying the number of operable magnetic elements may include
magnetically shielding those magnetic elements that are snot required, andfor using
electromagnets), the number of magnetic wnits m each magnetic element, the collective
strength of each magoetic element, the orientation andior positioning of the magnetic
elements relative o each other, maiching of magnetic coit impedances o the load
impedance of the source (for a start operation, the source is storage unit 407 for a stop

operation, which will be described later, the source is also stomge unit 40), and changing
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of the size of air gaps between the magnetic slements of vehicle 1 and magnetic coil
assemblies 10, It 1s also recognized herein that the start and acceleration of vehicle | is
effectively a byprodoect of the conversion and transfer of energy stored i energy storage
assembly 20 to kinetic energy for vehicle 1.

{0043} fu an example embodiment, system 100 is operable to recover energy from a
noving velucle 1 in 7 deceleration andfor stopping operation,  Energy recovery is
achievable by drawingfransferring the kinetic enmergy of moving vehicle T osing
magnetic coil assemblies 10, and converting the kinetic energy using energy storage
assembly 20 into energy storable mto storage unit 40, More specifically, as moving
vehicle 1 approaches the at least one magnetic cotl assenibly 10, the magagtic field of
moving magoetic clements 2A and 2B mdoces an opposing magnetic hield and an electnic
current in the first of the at least one magnetic coil assemblies 10, thereby creating a
reverse push {push in the opposite direction of movement of the vehicle} onto vehicle 1
and causing vehigle 1 to decelerate.  As the decelerated but still moving vehicle 1
continues 10 move, the next adjacent magnetic coil assembly 10 also become nduced
with an opposing magnetic fleld and an electric current, thereby creating additional
reverse push onto vehicle 1 and causing vehicle 1 to further decelerate. In an example
embodiment, this countinues for subsequent adjacent magnetic cotl assernblies 10 until the
vehicle 1 comes to a stop. An electric current 15 induced/generated by each of the
inchiced magnetic flelds in the at least one magnetic coil assemblies 10 in their respective
magnetic wire coils 12, and the generated electric current is provided to storage umit 40
In example embodiments, a transformerfrectifier anit 30 s provided between magnetic

coil assemblies 10 and energy storage wnit 40, It 18 recognized hereim that the amount of
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recoverable energy of an inconsng moving vehicle 1 is divectly related 1o the speed,
acceleration/deceleration, and mass of velucle 1 as it appreaches the magnetic coil
assemblies 10, as represented in the following kinetic energy equation:

{0044} Kinetic Energy (KE) = Yome?, (1)

{0045]  wherein m represents the mass of velucle | and v represents the velocity/speed
of vehucle 1 when vehicle 1 is proximate to the point of energy transfer.

{0046} As such, w a deceleration andior stopping operation, a vehicle | such a5 a
irain or rollercoaster 1 approaching a series of magnetic coil assemblies 10 at a high
speed can provide for significant evergy vecovery, as reflected m the above equation,
since the ewvergy drawnftransterred, converted, and recovered will be directly related to
the speed, acceleration/deceleration, and mass of vehicle 1. In g sumilar manner, a tain
carrying very heavy cargo loads approaching a sertes of magnetic coil assemblies 10 at
even a lower spesd cap also provide for significant energy recovery and storage, as
reflected 1n the above equation, since the eaergy recovery will be directly proportional to
the mass {and speed, acceleravion/deceleration) of the velucle 1. Specifically, the
strength/magnitude of the induced magnetic flelds and elecivic current at the magnetic
coil assemblies will be related to the amount of kinetic energy drawable/transferable from
the incoming moving vehicle 1.

{0847  Itis recogmized herein that the at least one magnetic coil assemblies 10, which
as described above are adjacently positioned along rowte 30, can cooperate 1o achieve
high deceleration rates and quick stopping of the moving vehicle | o as to maximize
energy recovery. This is achievable by sppropristely selecting system parameters and

configurations based on, among other things, reguired or anticipated incoming speeds,
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deceleration rates, weight/size of cargo, mumber of passengers, travel conditions (such as
enyviromuentsl conditions), elevation changes, etc.  Selectable system parameters can
include the manber of operable magnetic elements in the vehicle, the number of magnetic
units in each magnetic element, the collective strength of each magnetic element, the
orientation andior pusitioning of the magnetic glements relative 1o each other, matching
of magnetic coil impedances o the load nupedance of the sceurce (for a stop operation,
the source is storage wunit 40, for a start operation, the source 1 storage unit 40), and
changing of the size of air gaps between the magnetic elements of vehicle 1 and magnetic
coil assemblies 10,

{0048} it 13 also recognized herein that the deceleration and stopping of vehicle 1 m
example embodiments are not a result of fnction, as implemented i conventional
friction-based braking svstems. Rather, deceleration and stopping in example
embodiments are effectively a byproduct of the transfer and conversion of kinetic energy
of moving vehicle 1 to energy storable m energy storage assembly 20, In this regard,
example embodiments are operable to eliminate or substantially reduce the undesivable
effects inherent in conventional friction-hased braking systems, such as those caused by
environmental conditions, on the performance and effectivensss of braking. A more
significant advandage of example embodiments over conventional friction-based braking
systemns, however, mclades the converting of kinetic energy of moving wehicle 1 into
storable energy for reuse in starting and/or accelerating vehicle 1 or any other vehicle.
{1049} fn example embodinents, & start operation, an acceleration operation, 8
deceleration operation, andior a stop operation can be implemented using the same

systeny.  In fwrther exemplary embodiments, an energy mondoring system can be

-
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implemented that would provide a graphical iHustration to users and/or administrators of
the vehicke system {such as a roller coaster ride) of the energy being generated,
consumed, andor saved, mclnding the energy saved relative o conventional systems,
such ax those mcorporating only conventional induction motos-based systems and a pure
friction braking system. In thiz way, the administrator can fine-tune the operation of the
systemn 10 maximize energy savings, and the graphical energy displays presented 0 the
users can be used to build awareness of the enevgy savings and to generate enthusiasm for
alternative energy sources and efficient sysiems.

0050} FIG. 5 depicts an example embodiment of a fixed route ground transportation
system 100 formed in a closed-ended manuer. System 100 is operable to perform a stant
operation, an acceleration operation, a deceleration operation, andfor & stop opetation
using the same system 1.

{4051} fn operation, the starting andior accelerating of vehicle 1 of FIG. 5 i3
achievable by using the energy stored m storage unit 40 o pass electric current through
transformerfectifier wit 30 and onto magnetic coil assemblies 10, A magnetic field is
generated by magoetic coil assemblies 10 as a resudt of the electric cwrent. In an
example embodiment, the strength and/or divection of the magnetic ficld are adjustable
based on, among other things, the weight of the vehicle, desired speediacceleration,
and/or expected route {such as direction, elevation changes, environmental conditions,
ete.}. Inan example embodiment, the magoetic elements 24 and 2B of vehicle | are also
adiustable, moveable, andfor positionable based on, among other things, the weight of the

vehicle, desired speediacceleration, andfor expected route {such as direction, glevation

changes, environmental conditions, ete.). In an example embodiment, the strength andfor
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direction of the magnetic field generated by the magoetic cotl assemblies 10 andfor the
magnetic strength andior direction of the magnetic field generated by magnetic elements
2A and 2B are adjustable i soch a way that the magnetic fields of mmagnetic cotl
assemblizs 10 and magnetic elements 2A and 2B are opposing and way be of
approximately the same strength/magnitude.  As deseribed earlier, this opposing
magnetic field effectively creates the repulsive torce necessary to start andior accelerate
vehicle 1 in a specific divection.

{0052]  Upon traversing the route 50 and returning back to the point of origin, the
maguetic field generated by magnetic elements 2A and 28 is operable to tnduce magoetic
coil assemblies 10 to generate an opposing magnetic field and an electric current. The
opposing magaetic fields are operable to push moving vehicle 1 in the opposite divection
of motion, thereby causing deceleration of vehicle 1. Subsequently adjacent magnetic
coil assemblies 10 that come under magnetic elements 2A and 28 as vehicle 1 continues
ta move also become induced by the magnetic field of magnetic elements 2A and 2B, and
also generate opposing magnetic fields (and an electric cwrrent) operable to further
decelerate, and eventually stop, vehicle 1. As described above, the indaced magnetic
tields of the magnetic coil assemblies sach generate eleciric current storable ity storage
urtit 40,

{00531 In example embodiments, 8 secondary or “end-of-line” braking system {not
shown), sach as an eddy current braking system, a friction-based braking system, or the
like, is operable 1o assist system 100 in bringing a substantially decelerated velucle ttoa
quick and complete stop.  The end-of-line braking system can be for use as a

secondary/emergency brake andfor to allow better stopping precision.  Such end-of-line
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braking systems can be utilized after incoming vehicle 1 hay been substantially
decelerated by the above example embodiments, that 1S, when most of the kinetic energy
trom vehicle 1 has alveady been recovered.

[00584] 1t is recognized herein that system 100 of FIG. $ i3 operable to recover most
or a substantial amount of the energy expended m starting and accelerating vehicle 1
during the deceleration and stopping operation.  Such recovered energy 15 then avatlable
for use in starting and sccelerating vehicle 1 {or other vehicles) in subseguent stant
opersbions.

HEESS FIG. 6 depicts an example enthodinent of a cooperation of systems 100 and
2600 along g fixed open-ended route, each system operable to perform a start operation, an
acceleration operation, a deceleration operation, and/or a stop operation using the same
system. As shown, system 100 is operable to start and accelerate vehicle 1 in the same
manner as described for system 100 of FIG. 5. System 200 is operable 1o decelerate and
stop incoming vehicle 1 in the same manner as described for system 100 of FIG. 5
System 200 15 also operable to start and accelerate stationary vehicle 1 in the same
manner, but opposite ditection, as described for system 100 of FIG. S, As described
above, reversing the direction of tavel at systens 200 is achigvable by reversing the
direction of the magnetic field generated by magnetic coil assemblies 10, Reversing the
direction of travel can alse be achievable in other wavs, including adjusting, moving,
andfor posttioning magnetic elements 24 and 2B of vehicle 1. As described earbier, the
opposing magnetic ficlds effectively create the repulsive force necessary to start and

accelerate vehucle 1 in the opposite direction and back towards system 100,
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{0056/ FI(r. 7 depicts an example embodiment of a cooperation of systems 106, 300,
400 and 500 glong a tixed closed-ended route, each system operable to perform g start
operation, an acceleration operation, a deceleration operation, and/or g stop opetfation
using the same systeny, As shown, system 100 is operable to start and accelerate vehicle
I in the same manner as described for system 100 of FIG. 8. Svstem 3040 is operable to
decelerate and stop mcoming vehicle 1 the same mamner as described for system 100
of FEG. 5, System 300 is also operable to start and accelerate stationary vehicle 1 in the
same manner as described for system 100 of FIG. 3. Systems 400 and SO0 are operable
to decelerate/stop and subsequently start/accelerate velucle in the same manner as
described for system 300, 1t is recognized herein that systems 100, 300, 400 and 500 of
FIG. 7 are operable to recover most or & substantial amount of the cnergy expended by
another system in starting and accelerating vehicle 1. Such recovered energy is then
available foruse i starting and/or accelerating vehicle 1 {or other vehicles) in subsequent
start operations, 1t 1s also recognized that the direction of travel of vehicle 1 between any
of systems 100, 300, 400, and 500 can be reversed 1o a similar manner as desenbed
svsierm 200 of FIG. 6,

{00571 While various embodiments i accordance with the disclosed principles have
been described above, it should be understond that they have been presented by way of
example only, and are not limmting.  Thus, the breadih and scope of the example
embodiments described herein should not be limited by any of the above-described
exemplary embodiments, but should be defined only in accordance with the claims and
thenr equivalents issuing from this disclosure.  Furthermore, the above advantages and

featares gre provided in desenibed embodiments, but shall not limit the spplication of
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such issued clamms to processes and structures accomplishing any or all of the above
advantages,

{0038 Words of comparison, measuyrament, and timung such as “at the tme,”
“equivalent,” “doring” “compleie,” and the hke should be understood to mean
“substantially at the ume” “substantially equivalent”” “substantially during”
“substantially complete)” etc, where “substantially™ means that such compansons,
measurements, and timings are practicable 1o accomplish the implicitly or expressly
stated desired result. Words relating to relative position of elements such as “about,”
“near,” “proximate to,” and “adjacent to” shall mean zufficiently close to have a material
effect upon the respective system element mteractions.,

[0059] Additionally, the section headings herein are provided for consistency with
the suggestions ander 37 CF R 177 or otherwise to provide organizational coes. These
headings shall not lnat or chavacterize the invention(s) set out iy any claimy that may
issue  from this disclosure.  Specifically, 8 description of a technology in the
“Background™ 13 not 1o be construed as an admission that technology 1s prior art to any
inventron(s) mn this disclosure.  Forthermore, any reference m thus disclosure o
“mwvention” in the singular should not be used to argue that there is only a single pomnt of
novelty i this disclosure.  Muluple inventions may be set forth according o the
fimitations of the multiple clams assping from this discloswre, and such claims
accordingly define the invention(s), and their equivalents, that are protected thereby, Tn
all instances, the scope of such clatms shall be considered on their own merits in Hight of

this disclosure, but should not be constrained by the headings herein



WO 2014/081441 PCT/US2012/066667

25
Claims
What is claimed is:
1. A grouand trangportation system for interacting with one or wore vehicles, each

vehicle comprising at least one magnetic element fixedly attached 1o the vehicle, the
magnetic element operable to generate & magnetic field having a first nagnitude and a
first direction, the system conmprising:

a magnetic cotl assembly fixedly positioned near an area traversable by the
vehicle and comprising a core and a magnelic wire coil wrapped around the core, the
maguetic coil assembly operable to generate a magoetic field having a second magnitude
and a second direction; and

an cnergy storsge unit operable to release energy to and store energy from the
magnatic coil assembly;

wherein the vehicle is operable to accelerate when the vehicle is near the
nragnetic cotl assembly and the energy storage umi releases energy to the magnetic cotl
assembly to generate the second direction magnetic field; and

wheremn the vehicle is operable to decelerate when the vehicle {s near the
magnetic coil assembly and the first direction magnetic field causes the magnetic coil
assembly to generate the second divection magnetic field.

2. The system of claim 1, frther comprising a transformerfrectifier wnit in
conmunication with the magnetic coil assembly and the energy storage vt
3. The svstem of claim 1, wherein af least ong magnetic coil assembly 1s fixedly

positioned m the divection of movement of the vehicle.
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4. The system of claim 1, wherem the vehicle comprises two magnetic elements
arranged adjacent to each other in the direction of movement of the vehicle, the two
magnetic elements ortented with opposing poles.

S. The system of claim 4, wherein the two magnetic elements are spaced apart by
approximately half the width of the core.

i The systern of claim 1, wherein the first direction maguetic field and the second
direction magnetic field are operable to create a repulsive force.

7. The system of claim &, wherein the repulsive force is operable to accelerate the
vehicle when the second direction magnetic field is generated by the release of energy
from the energy storage unit,

g, The systemn of clatm 6, wherein the repulsive force is operable 1o decelerate the
vehicle when the second direction magnetic field is generated by the first divection

magnetic field.

9. The system of claim 1, further comprising an end-of-line braking svstem.
19, The system of claim |, wherein the niagnitudes of the first magnetic field and the

second magnetic fields are approximately the same magnitade.
1. A ground transportation system for interacting with a vehicle, the vehicle
comprising af least one magnetic elemnent fixedly attached to the vehicle, the magnetic
element operable to generate a magnetic field having a first divection, the system
comprising:

a magnetic coil assembly fixedly positioned near an avea fraversable by the

vehicle and comprising & core and 3 magnetic wire coi wrapped around the core, the
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nagnetic coil assembly operable 1o generate a maguoetic field having a second direction;
and

an energy storage unit operable to release energy to and store energy from the
magnetic coll assembly;

wheren the vehicle is operable to accelerate when the vehicle is near the
niagnetic coil assemibly and the energy storage umit releases energy to the magnetic coll
assembly to generate the second direction magnetic field,
12, The system of claim 11, further comprising a transformer/rectifier unit in
communication with the magnetic coil assembly and the energy storage unit.
13, The system of claim 11, wherein at least one magnetic coil assembly is fixedly
positioned 1 the direction of movernent of the vehicle.
14, The system of claim 11, wherein the vehicle comprises tivo magneiic elements
arranged adiacent to each othey in the direction of movement of the vehicle, the two
nragnetic elements oriented with opposing poles.
15, The system of clamm 14, wherein the two magnetic elements are spaced apart by
approximately hatf the width of the core.
16, The system of claim 11, wherein the first direction magnetic field and the second
direction magnetic field are operable to create  repulsive force.
17, The system of claim 16, wherein the repulsive force 15 operable to accelerate the
vehicle when the second direction magnetic field is genceated by the release of energy
from the energy storage unit.

18, The system of claim 11, wherem the magnitudes of the first magnetic field and

the second magnetic fields are approximately the same magnitude.
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19 A ground transportation system for interacting with a vehicle, the vehicle
comprisinng af least one magnetic element fixedly attached to the vehicle, the magnetic
glement operable to generate a magnetic field having a first divection, the system
comprising:

a magnetic coil assembly fixedly positioned near an area traversable by the
vehicle and comprising s core and & magnetic wire coil wrapped arcund the core, the
magnetic coil assembly operable to generate a magnetic field having a second divection;
and

an energy storage unit operable to release engryy to and store energy from the
magnetic coil assembly;

wherein the velucle is operable to decelerate when the vehicle 18 near the
magnetic coil assembly and the first direction magnetic field causes the magnetic coil
assembly to generate the second direction magnetic field.

20, The system of claim 19, further comprising a transformer/rectifier wut
commumcgtion with the magnetic coil assembly and the energy storage onit.

21, The system of clatm 19, wherein at least one magnetic cotl assembly 15 fixedly
positionad m the direction of movement of the velucla.

22, The systenr of claim 19, wherein the vehicle comprises two mapnetic elements
arranged adjacent to cach other in the direction of movement of the vehicle, the two
magnetic elements oriented with opposing poles.

23 The system of claim 19, wherein the two magnetic elements are apart by

approximately half the width of the core.
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24, The system of claim 19, wherein the first direction magnetic field and the second
direction magnetic fiekd are operable to create o repulsive forge.
25, The system of clatm 24, wherein the repulsive force is operable o decelerate the
vehicle when the second direction magnetic field is generated by the first divection
magnetic fleld.
26, The system of clatm 1, further comyprising an end-of-line braking svstem.
27, The system of claim 1, wherein the magnitudes of the first magnetic field and the
second magnetic fields are approximately the same magnitude.
28, A method of recovering energy from a moving ground transporiation vehicle, the
method comprising:

generating, by the moving vehicle, a first magnetic ficld having g fisst magnitude
and a first direction;

inducing, by the first magnetic field, an electric current and a second magnetic
field having a second magmitude and a second direction proximat o a stationary point
near o an area traversed by the vehicle; and

converting the induced electne current mto energy storable in an energy storage
unit.
29, The method of claim 28, wherein the first divection magnetic field and the second
direction magnetic field are operable to create a repulsive foree.
30, The method of claim 29, wherein the repulsive force is operable to decelerate the
vehicle when the second divection magnetic field is generated by the first direction

magnetic field
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31, The method of claim 2&, wherein the magnitudes of the first magnetic field and

the second magnetic Helds are approximately the same magnitude.
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