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(57) ABSTRACT 

A roadway-powered electric vehicle (RPEV) system 
includes: (1) an all-electric vehicle; and (2) a roadway 
network over which the vehicle travels. The all-electric 
vehicle has one or more onboard energy Storage elements or 
devices that can be rapidly charged or energized with energy 
obtained from an electrical current, Such as a network of 
electromechanical batteries. The electric vehicle further 
includes an on-board controller that extracts energy from the 
energy Storage elements, as needed, and converts Such 
extracted energy to electrical power used to propel the 
electric Vehicle. The energy Storage elements may be 
charged while the vehicle is in operation. The charging 
occurs through a network of power coupling elements, e.g., 
coils, embedded in the roadway. The RPEV system also 
includes: (1) an onboard power meter; (2) a wide bandwidth 
communications channel to allow information Signals to be 
sent to, and received from, the RPEV while it is in use; (3) 
automated garaging that couples power to the RPEV for both 
replenishing the onboard energy Source and to bring the 
interior climate of the vehicle to a comfortable level before 
the driver and/or passengers get in; (4) electronic coupling 
between “master' and "salve' RPEVs in order to increase 
passenger capacity and electronic actuators for quick-re 
sponse control of the “slave” RPEV; (5) inductive heating 
coils at passenger loading/unloading Zones in order to 
increase passenger Safety; (6) an ergonomically designed 
passenger compartment; (7) a locating System for determin 
ing the precise location of the RPEV; and (8) a scheduling 
and dispatch computer for controlling the Scheduling of 
RPEVs around a route and dispatch of RPEV's based on 
demand. 
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ROADWAYPOWERED ELECTRIC VEHICLE 
SYSTEM HAVING AUTOMATIC GUIDANCE AND 

DEMAND-BASED DISPATCH FEATURES 

0001. This application is a continuation of Ser. No. 
10/097.531 filed Mar. 12 2002, which is a continuation of 
Ser. No. 09/538,455 filed May 30, 2000 which is a continu 
ation of application Ser. No. 09/429/835, filed Oct. 29, 1999, 
which is a Continuation application of U.S. Ser. No. 09/290, 
033, filed Apr. 8, 1999, which is a Continuation application 
of U.S. Ser. No. 09/126,913, filed Jul. 30, 1998, which is a 
Continuation application of U.S. Ser. No. 08/934,477, filed 
Sep.19, 1997, which is a Continuation-in-Part application of 
U.S. Ser. No. 08/238,990; filed May 5, 1994 for ROAD 
WAYPOWERED ELECTRIC VEHICLE now U.S. Pat No. 
5,669,470; Issued Sep. 23 1997, all of which are incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to electric vehicles, 
and more particularly to an all-electric Vehicle System that is 
powered from an onboard high-specific-power energy Stor 
age device, and that receives power to charge the energy 
Storage device inductively through coils in the roadway over 
which the vehicle travels. The invention further relates to 
enhancements included within Such a roadway-powered 
electric Vehicle System, Such as an automatic position 
determining System, automated vehicle guidance, demand 
based vehicle dispatch, and the like. 
0003. In recent years, there has been an increasing 
emphasis on the development of an all electric vehicle (EV) 
or other Zero emission vehicle (ZEV). The goal, as mandated 
by many governmental jurisdictions, is to have a certain 
percentage of all vehicles be Zero-emission vehicles. Advan 
tageously, Zero-emission vehicles do not directly emit any 
exhaust or other gases into the air, and thus do no pollute the 
atmosphere. In contrast, vehicles that rely upon an internal 
combustion engine (ICE), in whole or in part, for their power 
Source are continually fouling the air with their exhaust 
emissions. Such fouling is readily Seen by the Visible 
“Smog' that hangs over heavily populated urban areas. 
Zero-emission vehicles are thus viewed as one way to 
Significantly improve the cleanliness of the atmosphere. 
0004. In the State of California, for example, the Cali 
fornia Air Resources Board (CARB) has mandated that by 
1998 two percent of the vehicles lighter than 1700 kg sold 
by each manufacturer in the State be Zero-emission vehicles. 
This percentage must increase to five percent by the year 
2001, and ten percent by the year 2003. 
0005) A zero-emission vehicle, given the known, viable 
technologies for vehicle propulsion, effectively means that 
Such vehicles must be all electric, or electric Vehicles 
(EVS). Hence, if existing (and future) governmental man 
dates are to be met, there is an urgent need in the art for a 
viable EV that can operate efficiently and safely. 
0006 EVs are not new. They have existed in one form or 
another Since the discovery of electrical batteries and elec 
tric motors. In general, EV's of the prior art are of one of two 
types: (1) those that-through rail or overhead wire-are in 
constant contact with an external Source of electrical power 
(hereafter “externally-powered” EVs); or (2) those that 
Store electrical energy in a battery and then replenish the 
Stored energy when needed (hereafter "rechargeable battery 
driven” EV's). 
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0007 Externally-powered EV's require their own power 
delivery System, e.g., electrified rails or electrified overhead 
wires, that forms an integral part of their own roadway or 
route network. Examples of externally powered EVs are 
Subways, overhead trolley Systems, and electric rails 
(trains). Such externally-powered EV systems are in wide 
Spread use today as public transportation Systems in most 
large metropolitan areas. However, Such Systems typically 
require their own highly specialized roadway, or right-of 
way, System, as well as the need for an electrical energy 
Source, Such as a continuously electrified rail or overhead 
wire, with which the EV remains in constant contact. These 
requirements make Such Systems extremely expensive to 
acquire, build and maintain. Moreover, Such externally 
powered EV Systems are notable to provide the convenience 
and range of the ICE automobile (which effectively allows 
its operator to drive any where there is a reasonable road on 
which the ICE vehicle can travel). Hence, while externally 
powered EV Systems, Such as Subway, trolley, and electric 
rail Systems, have provided (and will continue to provide) a 
viable public transportation System, there is still a need in 
the art for a zero-emission vehicle (ZEV) system that offers 
the flexibility and convenience of the ICE vehicle, and that 
is able to take advantage of the vast highway and roadway 
network already in existence used by ICE vehicles. 

0008 Rechargeable battery-driven EVs are character 
ized by having an electrical energy Storage device onboard, 
e.g., one or more conventional electrochemical batteries, 
from which electrical energy is withdrawn to provide the 
power to drive the vehicle. When the energy stored in the 
batteries is depleted, then the batteries are recharged with 
new energy. Electrochemical batteries offer the advantage of 
being easily charged (using an appropriate electrical charg 
ing circuit) and readily discharged when powering the 
vehicle (also using appropriate electrical circuity) without 
the need for complex mechanical drive trains and gearing 
Systems. Unfortunately, however, Such rechargeable battery 
driven EVs have not yet proven to be economically viable 
nor practical. For most vehicle applications, Such recharge 
able battery-driven EVs have not been able to store suffi 
cient electrical energy to provide the vehicle with adequate 
range before needing to be recharged, and/or to allow the 
vehicle to travel at Safe highway Speeds for a Sufficiently 
long period of time. Disadvantageously, the energy density 
(i.e., the amount of energy that can be stored per unit 
Volume) of currently-existing electrochemical batteries has 
been inadequate. That is, when Sufficient electrical Storage 
capacity is provided on board the vehicle to provide 
adequate range, the number of batteries required to provide 
Such storage capacity is prohibitively large, both in Volume 
and weight. Moreover, when such batteries need to be 
recharged, the time required to fully recharge the batteries is 
usually a number of hours, not minutes as most vehicle 
operators are accustomed to when they stop to refill their 
ICE vehicles with fuel. Further, most currently-existing 
electrochemical batteries are not Suited for numerous, 
repeated recharges, because Such batteries, after a nominal 
number of recharges, must be replaced with new batteries, 
thereby significantly adding to the expense of operating the 
rechargeable battery-driven EV. It is thus evident that what 
is needed is a rechargeable battery-driven EV that has 
Sufficient energy Storage capacity to drive the distances and 
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speeds commonly achieved with ICE vehicles, as well as the 
ability to be rapidly recharged within a matter of minutes, 
not hours. 

0009 EV systems are known in the art that attempt to 
combine the best features of the externally-powered EV 
Systems and the rechargeable battery-driven EV Systems. 
For example, rather than use a battery as the energy Storage 
element, it is known in the art to use a mechanically coupled 
flywheel, i.e., a flywheel that is mechanically coupled to 
vehicle's drive train, that is rapidly charged up to a fast 
Speed at Select locations along a designated route. See, e.g., 
U.S. Pat. No. 2,589.453 issued to Storsand, where there is 
illustrated an EV that includes a mechanical flywheel that is 
recharged via an electrical connection at a charging Station. 
0010 Further, in U.S. Pat. No. 4,331.225, issued to 
Bolger, there is shown an EV that has an electrochemical 
battery as the preferred Storage means, and that receives 
power from a roadway power Supply via inductive coupling. 
An onboard power control System then provides the power 
to the Storage means, and the Storage means then Supplies 
power as needed to an electric motor providing motive 
power for the vehicle. Bolger also indicates that the Storage 
means could be a mechanical flywheel. 
0011. In U.S. Pat. No. 4,388,977, issued to Bader, an 
electric drive mechanism for vehicles is disclosed that uses 
a pair of electric motors as motive power for the vehicle. A 
mechanical flywheel is mechanically connected to the drive 
shaft of one of the electric motors. The vehicle receives 
power from an overhead power Supply, e.g. trolley lines, 
and the motor then spools up the mechanical flywheel. The 
mechanical flywheel is then used to Supply power to the 
motor at locations where there is not an overhead power 
Supply. 

0012. In U.S. Pat. No. 5,224,054, issued to Parry, there is 
shown a bus-type vehicle having a continuously variable 
gear mechanism that uses a mechanical flywheel as a power 
Source. The mechanical flywheel is periodically charged by 
an overhead connection to an electrical Supply. The flywheel 
is mechanically linked to the drive shaft of the vehicle. 
0013 In the above systems, the mechanical flywheel is 
used as the energy-Storage element because it can be 
charged, i.e., Spooled up, relatively quickly to a Sufficiently 
fast Speed. Disadvantageously, however, the use of Such 
mechanical flywheel Significantly complicates the drive SyS 
tem of the vehicle, and also Significantly adds to the weight 
of the vehicle, thereby limiting its useful range between 
charges. Further, the mechanical flywheel operating at fast 
Speeds may present a Safety hazard. What is needed, there 
fore, is an EV that avoids the use of a flywheel mechanically 
coupled to the vehicle's drive system. Further, what is 
needed is an EV that can receive electrical energy from an 
external Source to rapidly recharge, within a matter of 
minutes, an onboard energy Storage element. Moreover, 
what is needed is such an EV wherein the onboard energy 
Storage element, once charged or recharged, Stores Sufficient 
energy to provide the motive force needed to safely drive the 
vehicle at conventional driving Speeds and distances. 

SUMMARY OF THE INVENTION 

0.014. The present invention addresses the above and 
other needs by providing an improved roadway-powered 
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electric vehicle System that includes: (1) an all-electric 
vehicle; and (2) a roadway network over which the vehicle 
travels. The all-electric vehicle includes one or more 
onboard energy Storage elements or devices that can be 
rapidly charged or energized with energy obtained from an 
electrical current. The vehicle further includes an on-board 
power controller that extracts energy from the energy Stor 
age elements, as needed, and converts Such extracted energy 
to electrical energy used to propel the electric Vehicle. 
Advantageously, the energy Storage elements of the vehicle 
may be charged while the vehicle is in operation. Such 
charging occurs, e.g., through a network of power coupling 
elements embedded in the roadway. AS the vehicle passes 
over Such power coupling elements, as it traverses the 
roadway network, electrical current is coupled to the electric 
vehicle, which electrical current is then used to charge the 
energy Storage devices. Advantageously, Such power cou 
pling elements may be coils embedded at Strategic locations 
in existing roadways and highways. Such embedding can be 
done at a very modest cost. 
0015. In a preferred embodiment, the power coupling 
elements embedded in the roadway comprise a network of 
coils connected to a conventional primary power Source, 
e.g., single-phase, 2000 to 3500 Hz or 8500 to 9000 Hz 
electrical power generated by a power conditioner from 
three-phase 50 or 60 Hz, 480 volt power, as is readily 
available from public utility power companies or coopera 
tives. Advantageously, Such coils need not be distributed 
along the entire length of the roadway, but need only be 
located at Selected locations along the length of the roadway, 
amounting to, e.g., 10% or less of the entire length of the 
roadway, e.g., 1% of the roadway. A 2000 Hz to 3500 Hz, or 
8500 to 9000 Hz, alternating electrical current (ac current) is 
inductively coupled from the power coupling elements 
embedded in the roadway to a power pickup element carried 
on the vehicle as the vehicle passes over the power coupling 
elements. Such ac current, when received in the power 
pickup element on the vehicle, is then used to charge or 
energize the Storage elements carried by the vehicle. 
0016 A power meter, carried onboard the vehicle, moni 
tors how much power is transferred to or used by the vehicle. 
Hence, the public utility (or other power company) that 
provides the primary power to the power coupling elements 
embedded in the roadway (or otherwise located to couple 
power to the vehicle) is able to account for the electrical 
power used by the RPEV and to bill the vehicle owner an 
appropriate amount for Such power, thereby recouping the 
cost of generating and delivering Such electrical power. 
0017. In some embodiments, the rapid charge energy 
Storage elements or devices carried onboard the electric 
vehicle comprise an electromechanical battery (EMB), or a 
group or network of EMB modules. An EMB is a special 
type of energy-Storage device having a rotor, mounted for 
rapid rotation on magnetic bearings in a vacuum-Sealed 
housing. Because magnetic bearings are used, the shaft of 
the rotor does not physically contact any other components. 
Hence, there is no friction loSS in the bearings. Because the 
rotor is housed in a Sealed, evacuated, chamber, there are no 
loses due to windage. As a result, the rotor-made from 
high-strength graphite-fiber/epoxy composite-is able to 
rotate at extremely high Speeds, e.g., 200,000 rpm. Because 
the EMB's rotor is able to rotate at such speeds, high 
amounts of energy can be Stored in a very compact or Small 
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Volume representing a significant improvement in energy 
density relative to conventional electrochemical batteries. 
0.018. In order to store energy in the EMB, and in order 
to extract energy therefrom, a special dipolar array of 
high-field permanent magnet material is mounted on the 
rotor. The resulting magnetic field from Such array, extends 
outside of the Sealed housing to cut through Stationary, 
external coils, wound external to the housing. By applying 
an appropriate accurrent to the external coils, the rotor is 
forced to Spin. Because of the compactness and Special 
design of the rotor, it is able to achieve high rotational 
speeds very rapidly (within minutes). Hence, the EMB may 
be charged to Store a high amount of energy in a very short 
time, commensurate with the same time it takes to fill the gas 
tank of existing ICE vehicles. 
0.019 Advantageously, the rapid charging EMB does not 
have any direct mechanical linkages with the vehicle's drive 
train. Rather, the EMB is charged by Simply applying an 
appropriate ac electrical Signal to its terminals. Similarly, the 
EMB is discharged (energy is withdrawn therefrom) by 
Simply using it as a generator, i.e., connecting its electrical 
terminals to a Suitable load through which an electrical 
current may flow. Thus, the complexity of the charging 
components and the discharging components is greatly 
Simplified, and the EMB appears, from an electrical point 
of-view, as a, "battery', having an electrical input and an 
electrical output. 
0020. In operation, the input ac voltage applied to the 
terminals of the EMB spools up the rotor of the EMB to a 
rate proportional to the frequency of the applied ac Voltage, 
just as if the EMB were an ac motor. The energy stored in 
the EMB is in the form of kinetic energy associated with the 
rapid rotation of the rotor. When extracting energy, the rapid 
rotating magnetic field, created by the rapid rotation of the 
magnetic array on the rotor, cuts through the Stationary 
windings, inducing an ac Voltage, just as though the EMB 
were an ac generator. Such induced Voltage thus represents 
the extracted energy. The extracted Voltage, in turn, is then 
used, as needed, to drive the electrical motors that propel the 
vehicle. Thus, the EMB functions as a motor/generator 
depending upon whether electrical energy is being applied 
thereto as an input (motor), or withdrawn therefrom as an 
output (generator). Unlike a conventional motor/generator, 
however, the extremely high rotational speeds of the EMB 
rotor allow great amounts of energy to be Stored therein 
sufficient energy to provide the motive force for the EV over 
Substantial distances and at conventional Speeds. 
0021 Hence, without any direct mechanical linkage to 
the vehicle's drive train, the EMB can be electrically 
charged (i.e., its rotor is spun-up to rapid rotational Veloci 
ties) using electrical current that is inductively coupled to 
the vehicle through the roadway over which the vehicle 
travels. Also without,any direct mechanical linkage, the 
EMB can be electrically discharged (i.e., energy is with 
drawn from the rapidly spinning rotor) by having the rotat 
ing magnetic field induce a Voltage on the Stationary wind 
ings, which induced Voltage powers the electrical drive 
system of the vehicle. 
0022 Advantageously, an EMB may be manufactured as 
a standardized EMB module, and several EMB modules 
may then be connected in parallel, as required, in order to 
customize the available energy that can be stored for use by 
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the EV to the particular application at hand. For example, a 
relatively Small EV, equivalent in Size and weight to a 
“Sub-compact' or “compact' vehicle as is commonly used in 
the ICE art, may require only two to six EMB modules. A 
larger or more powerful EV, equivalent in size to a passenger 
van or high performance vehicle, may utilize 6 to 10 or more 
EMB modules. A still larger and more powerful EV, equiva 
lent, e.g., to a large bus or truck, may utilize 12-20 or more 
EMB modules. 

0023 Standardizing the EMB module results in signifi 
cant Savings. The cost of manufacturing a Standard EMB 
module, as opposed to many different types of EMB mod 
ules, is significantly reduced. Further, maintenance of the 
EV is greatly simplified, and the cost of replacing an EMB 
within the EV when such replacement is needed is low. 
0024. Additionally, a high operating efficiency is advan 
tageously achieved when an EMB is used as the energy 
Storage element. For example, in an EMB, the entire gen 
erator/motor assembly is ironless. Hence, there are low 
Standby losses (no hysteresis effects). In combination with 
the frictionless magnetic bearings and windleSS evacuated 
chamber wherein the rotor Spins, this means that the overall 
efficiency of the EMB should exceed 90%, and may be as 
high as 95% or 96%. Such high efficiencies result in 
Significantly reduced operating costs of the EV. 
0025. When inductive coupling is used to transfer power 
from the power coupling element (e.g., coils) imbedded in 
the roadway to the power pickup element (e.g., coils) in the 
EV, the preferred coupling frequency of the accurrent is in 
the 2000 to 35000 Hz or 8500 to 9000 Hz ranges. The use 
of Such frequency, Significantly higher than the conventional 
60 Hz or 400 Hz ac signals that are commonly used in the 
prior art for power coupling purposes, advantageously opti 
mizes the coupling efficiency of the power Signal and 
operation of the EV System. Moreover, by using an ac Signal 
within this frequency range, the magnitude or intensity of 
any Stray magnetic fields that might otherwise penetrate into 
the, vehicle or Surrounding areas (as electrical power is 
inductively coupled into the vehicle) is significantly 
reduced. Having the magnetic fields that penetrate into the 
vehicle or Surrounding areas be of low magnitude may be an 
important Safety issue, at least from a public perception 
point-of-view, as there has been much debate in recent years 
concerning the possible harmful effects of over-exposure to 
magnetic field radiation. See, e.g., U.S. Pat. No. 5,068,543. 
0026. It is thus a feature of the present invention to 
provide an efficient, viable, Safe, roadway-powered all elec 
tric vehicle. 

0027. It is an additional feature of the invention, in some 
embodiments, to provide such an EV that uses, with only 
minor modification, the existing network of highways, road 
Ways, loading/unloading and/or garaging/parking facilitates 
that are already in place to Serve ICE vehicles. 
0028. It is yet another feature of the invention, in some 
embodiments, to provide an EV system wherein the EV's of 
the system may be recharged while such EVs are in 
operation within the system. Hence, the EV's need not be 
taken out of service from the system in order to be 
recharged, as is common with prior art battery-Storage type 
EVS. 

0029. It is an additional feature of the invention, in some 
embodiments, to provide an EV, or EV system, wherein the 
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EV uses a high energy density battery or a group of Such 
batteries as an onboard energy Storage element. In one 
embodiment, the battery(s) are electromechanical batteries 
that due to the use of magnetic bearings and enclosing the 
rotor in a Sealed Vacuum chamber, are able to run at 
extremely high speeds (e.g., exceeding 100K-200K rpm), 
and thereby provide a large amount of power in a relatively 
Small space. 
0.030. It is a further feature of the invention, in some 
embodiments, to provide an EV system that powers a fleet 
of electrically-powered buses, or other mass transit electric 
vehicles, using a demand responsive charging System or 
Scheme. In accordance with Such Scheme, existing highways 
and roadways over which the EV's travel are electrified only 
at Select locations, Such as: (1) at designated "stops' of the 
Vehicle, e.g., at designated passenger loading/unloading 
Zones, parking garages, or the like; (2) at locations where the 
vehicle regularly passes, Such as roadway interSections, 
and/or (3) along Selected portions of the route, e.g., 50-100 
meters of every kilometer over which the vehicle travels. 
0031. It is still another feature of the invention, in some 
embodiments, to provide an EV System that uses inductive 
coupling to couple electrical power between embedded coils 
in the roadway and coils carried in a power pickup element 
carried onboard the EV. Such coupled electrical power is 
stored onboard the EV and is thereafter used to provide the 
motive force of the EV. In accordance with related embodi 
ments of the invention, onboard Systems and methods are 
provided that laterally and vertically position the relative 
spacing and alignment between the onboard coil and the 
coils embedded in the roadway in order to minimize the air 
gap between the coils and to maximize the alignment 
between the coils, thereby making the power transfer from 
the roadway to the vehicle more efficient. Moreover, using 
Such onboard Systems and methods, when the EV is stopped, 
the air gap may advantageously be minimized to Zero. 
0032. It is an additional feature of the invention, in 
various embodiments, to provide an EV that utilizes an 
on-board control module to perform and coordinate the 
functions of: (i) receiving the inductive power from the coils 
embedded in the roadway, (ii) storing the received power as 
energy in the onboard Storage elements, e.g., EMB's, and 
(iii) Selectively extracting the stored energy to power the 
vehicle. 

0033. It is yet a further feature, in several embodiments, 
to provide an EV that includes an onboard power meter that 
monitors the amount of electrical power that has been 
transferred to the EV as it operates on the electrified network 
of highways and roadways, thereby providing a convenient 
mechanism for a utility company, that provides the electrical 
power to the electrified network of highways and roadways 
to recoup its energy costs. 

0034. In addition to the above-identified features, numer 
ous add-on features may be included as part of the EV 
system to further enhance its viability. The add-on features 
may include, for example: (a) establishing a wide bandwidth 
communications channel with the EVS that permits numer 
ous communications functions (such as telephone, Video, 
roadway-condition communications, position information 
communications, and automated, demand-based dispatch) to 
be carried out via the embedded coils over which the vehicle 
travels and asSociated interconnecting power lines, or via a 

Aug. 18, 2005 

radio frequency communications link or the like; (b) pro 
Viding fully automated garaging features that permit the 
onboard EMB's (and/or other storage elements) to be intel 
ligently charged when the vehicle is parked overnight or at 
other times in a Specially-equipped garage or parking area; 
(c) platooning of RPEVs by producing an electronic (cabled 
and/or radio frequency) or optical coupling between a plu 
rality of roadway-powered vehicles, with one of the vehicles 
being a “master” or leader, and the others being “slaves” or 
followers that follow the master, to provide, in effect a 
roadway-powered “train; (d) using inductive or ohmic 
heating coils, powered by the same power Source that 
couples power into the vehicle from the roadway, to melt 
Snow or ice in the vicinity of a passenger loading/unloading 
Zone and/or from the Surface of the power coupling element; 
(e) ergonomically designing a passenger compartment of the 
EV to facilitate passenger loading, unloading, Seating, and 
Safety, (f) using an onboard lateral guidance System to not 
only position the EV for optimal power transfer between the 
power coupling element and the power pickup element, but 
to position the EV for elevator-like platform loading (which 
can require controlling the position of the EV to within a few 
centimeters), (g) providing electronic actuators for Steering 
and braking So that, when the EV is operating as a “slave' 
or follower, reaction time to command Signals from the 
“master” or leader is minimized; (h) utilizing the wide-band 
communications System or the like, in combination with a 
Scheduling and dispatch computer, for performing dispatch 
functions and the coordination of Scheduling in a public 
transportation System based on demand; (ii) precisely deter 
mining the position of the EV in response to a location Signal 
from a global positioning system (GPS) or Differential GPS 
(dGPS) receiver, preferably in combination with a dead 
reckoning (i.e., inertial) locating System, in order to (1) 
provide a backup position indication for electrically or 
optically coupled EVs, (2) provide either primary or backup 
position information for lateral alignment of the power 
pickup element over the power coupling element and/or for 
“elevator-like” platform loading; and () wayside control of 
the EV's through an “ATM-like” control station for (1) 
dynamically displaying scheduling information, (2) Sum 
moning free-roaming point-to-point EVs (i.e., taxis or 
limousines), and (3) providing demand-based scheduling 
including monitoring the number of passengers on an EV 
and adjusting dispatch/Scheduling in response thereto; (k) 
maintaining communications with the EV during electronic 
garaging in order to communicate, e.g., to the Vehicle's 
owner whether the vehicle has been tampered with; (1) 
providing a kneeling feature for public transportation EV's 
that lowers (or “kneels”) the entire vehicle for loading/ 
unloading, and Simultaneously reduces the air gap between 
the power pickup element and the power coupling element 
to Zero or near Zero; and (m) providing for route memori 
Zation by recording a dGPS location signal as the vehicle 
manually driven over a route So that the vehicle can Subse 
quently automatically navigate the route. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035. The above and other aspects, features and advan 
tages of the present invention will be more apparent from the 
following more particular description thereof, presented in 
conjunction with the following drawings wherein: 
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0.036 FIG. 1 is a block diagram of a roadway-powered 
electric vehicle (RPEV) of one embodiment of the inven 
tion; 
0037 FIG. 2 is a more detailed block diagram of the 
RPEV of FIG. 1; 
0.038 FIG. 3 is a block diagram of an on-board power 
director shown in FIG. 2, and illustrates how an on-board 
energy Storage System in FIG. 2 is realized using a plurality 
of electromechanical battery (EMB) modules or other high 
energy-density energy Storage devices, 
0.039 FIG. 4 schematically illustrates a roadway-pow 
ered EV system employing a plurality of RPEVs, such as 
shown in FIG. 1; 
0040 FIGS. 5A and 5B respectively show a cross sec 
tion, and an enlarged croSS Section, of a power coupling 
element and a power pickup element Suitable for use in the 
roadway-powered EV system of FIG. 4; 
0041 FIG. 5C shows a top view of the power coupling 
element and the power pickup element of FIGS.5A and 5B, 
as used in the RPEV of FIG. 1, when they are aligned for 
power transfer, 
0.042 FIG. 6A depicts one manner in which only a 
portion of the roadways over which the RPEV of FIG. 1 
travels need be energized with roadway power modules, 
0043 FIG. 6B depicts the electrification of the roadway 
over which the RPEV of FIG. 1 travels at a multi-lane, 
Signalled interSection, where vehicles must often come to a 
complete Stop as they wait their turn to go through the 
interSection; 

0044 FIG. 6C illustrates electrification of the roadway 
over which the RPEV of FIG. 1 travels, with clusters of 
power coupling elements being distributed over the length of 
the roadway; 

004.5 FIG. 7 shows one manner in which electronic 
garaging or overnight charging may be realized within the 
RPEV system of FIG. 4; 
0.046 FIG. 7A is a block diagram that functionally 
depicts electronic garaging features of the embodiment of 
FIG. 7; 
0047 FIG. 8 depicts a schematic cutaway view of a 
modular EMB of a type that may be used with the embodi 
ment of FIG. 1; 

0048 FIG. 9A illustrates an end view of a Halbach array 
of a type that may be used with the EMB module of FIG. 
8; 

0049 FIG. 9B depicts the calculated field lines for a 
quadrant of the Halbach array of FIG. 9A; 
0050 FIG. 10 schematically illustrates various types of 
communications channels that may be used with the RPEV 
system of FIG. 4; 
0051 FIG. 11 shows a block diagram of communications 
channel elements of the embodiment of FIG. 1; 

0.052 FIG. 12 depicts one type of time-division multi 
plex Scheme that may be used by the communications 
channel elements of FIG. 11 to transfer data from a plurality 
of Sensors, 
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0053 FIG. 13 illustrates a schematic diagram of a dif 
ferential global positioning System used in combination with 
an automated guidance System and a Scheduling/dispatch 
computer to automate the RPEV system of FIG. 4; 
0054 FIG. 14 illustrates how one or more follower 
(“slave”) RPEV's may be electronically linked or coupled to 
a leader (“master”) RPEV in order to form a “train” or 
“platoon” of RPEVs; 
0055 FIG. 15 schematically illustrates how a power 
converter used to electrify heating coils at a passenger 
loading/unloading Zone and in the Surface Structure of the 
power coupling element in order to prevent the formation of 
ice or the accumulation of Snow in a passenger area and/or 
above the power coupling element; 
0056 FIG. 16 is a cutaway view of the passenger com 
partment of one embodiment of an ergonomically-designed 
multiple occupancy vehicle (MOV) Suitable for use as the 
RPEV of FIG. 1; 
0057 FIG. 17 shows a plan view of the one embodiment 
of the passenger compartment in the MOV of FIG. 16; and 
0.058 FIG. 18 shows a plan view of another embodiment 
of the passenger compartment in the MOV of FIG. 16. 
0059 Corresponding reference characters indicate corre 
sponding components throughout the Several views of the 
drawings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0060. The following description is of the best mode 
presently contemplated for carrying out the invention. This 
description is not to be taken in a limiting Sense, but is made 
merely for the purpose of describing the general principles 
of the invention. The scope of the invention should be 
determined with reference to the claims. 

0061 Broadly stated, the invention relates to a roadway 
powered electric Vehicle System that includes a network of 
highways and roadways that have been electrified at Select 
locations, and a fleet of roadway-powered electric Vehicles 
(RPEVs) that traverse the network of highways and road 
ways and receive their electrical operating power from the 
electrified highways and roadways. Many of the components 
that make up the RPEV system of the embodiments 
described herein are components that already exist and have 
been used for other types of EV Systems, or other applica 
tions. Such components may be found, for example, and are 
described in the following documents, all of which are 
incorporated herein by reference: U.S. Pat. No. 4,629,947 
(Hammerslag et al.); U.S. Pat. No. 4,800,328 (Bolger; U.S. 
Pat. No. 4,836,344 (Bolger); U.S. Pat. No. 5,207.304 (Lech 
ner et al.); Ziogas, et al., “Analysis and Design of Forced 
Commutated Cycloconverter Structures with Improved 
Transfer Characteristics, IEEE Trans. Ind. Elec, Vol. IE-33, 
No. 3, p. 271 et seq. (August 1986); Riezenman, Special 
Report, “Electric Vehicles," IEEE Spectrum (November 
1992, pp. 18-101; Post, et al., “A High-Efficiency Electro 
mechanical Battery”, Proceedings of the IEEE, Vol. 81, No. 
3, pp. 462-474 (March 1993). 
0062 Referring first to FIG. 1, there is shown a lock 
diagram of a roadway-powered electric vehicle (RPEV)12 
made in accordance with one embodiment of the resent 
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invention. The RPEV 12 includes a vehicle frame 14 Sup 
ported by a front Suspension System 16, including front 
wheels 17, and a rear Suspension System 18, including rear 
wheels 19. The frame 14 and Suspension systems may be of 
conventional design. Mounted on the underneath side of the 
RPEV 14 is a power pickup element 20 (or onboard power 
receiving module). The power pickup element 20 receives 
electrical power, Symbolically represented by the wavy 
arrows 22, from a power coupling element 24 (or roadway 
power transmitting module) embedded in a roadway 26 over 
which the RPEV travels. The roadway power transmitting 
module 24 receives power from a power conditioner circuit 
28, which in turn is connected to a utility power distribution 
System, Such as is provided by a public utility company. 
Typically, the utility company provides electrical power to 
most customers as 3-phase, 60 Hz power, at 220 vac. Higher 
Voltages may be made available to Some customers, as 
required, such as 480 volts ac (vac). The function of the 
power converter circuit 28 is to convert the 3-phase, 60 Hz 
power (at whatever Voltage is provided) to an appropriate 
frequency and Voltage for driving the roadway power trans 
mitting module 24, as described in more detail below. 
0.063 Electrical power received from the electrified road 
way 26 (the term “electrified” is used herein to describe a 
roadway wherein a roadway power transmitting module 24, 
or a plurality of such modules, have been embedded) via the 
onboard power receiving module 20 is Stored in an onboard 
energy Storage System 30. The power is directed to Such 
energy storage system 30 through an onboard power control 
unit 32 (or onboard power controller). Advantageously, a 
power meter 34 monitors all electrical power received by the 
onboard power module 20 So that the utility power company, 
or other agency, can bill the owner of the RPEV for the cost 
of Such electrical power. 
0064. A key feature of the present embodiment is per 
formance achieved from the onboard energy Storage System 
30, described more fully below. Such storage system exhib 
its a very high energy Storage capacity, on the order of 10 to 
15 KW-h. Further, Such energy Storage capacity is provided 
in a very Small Volume, e.g., on the order of from 0.5 to 1 
m, at an extremely low weight, thereby providing a very 
attractive energy density, on the order of from 20 to 30 
kW-h/m; a high specific energy, on the order of 150 
W-h/kg, and a high specific power, on the order of from 5 to 
10 kW/kg. (Note that a conventional electrochemical bat 
tery, at best, can only provide a specific power of about 0.2 
to 0.4 kW/kg, and an internal combustion engine only 
provides about 0.6 to 0.8 kW/kg.) 
0065. As described more fully below, the preferred ele 
ment of the energy Storage System 30 is an electromechani 
cal battery (EMB) because it offers a specific power of up to 
10 kW/kg, and offers a very high efficiency (power out/ 
power in) on the order of 95% or higher. It is to be 
understood, however, that the present embodiment is not 
limited to the use of an EMB as the energy Storage element. 
Any Storage element which offers the Specific power, effi 
ciency, Specific energy and other criteria Set forth herein, 
may be used with the RPEV system of the present embodi 
ment. At present, of the available energy Storage devices, the 
EMB appears to best meet the stated criteria, and therefore 
it is the preferred energy Storage element. However, it is 
contemplated that other high-energy-density energy Storage 
elements, whether Such elements comprise dramatically 
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improved electrochemical batteries, ultra-capacitors, or 
other devices, will become available and that Such other 
high-energy-density energy Storage elements may be used in 
lieu of, or in combination with, the EMB's described herein. 

0066. The RPEV 12 also includes an electric drive36 that 
provides the motive force for propelling the front and/or rear 
suspension systems 16, 18. The onboard power control unit 
32, which is controlled by onboard operator controls 38 
and/or automatic control features programmed into the 
power control unit 32, Selectively directs electrical power 
from the energy storage system 30 to the electric drive 36. 
The electric drive 36, and operator controls 38, may incor 
porate-designs and features as are commonly used in exist 
ing EVs, e.g., battery-powered EVs, or other EVs, as are 
known in the art. One Such feature common to most EVs, 
and also applicable to the RPEV of the present embodiment, 
is that of regenerative braking. Regenerative breaking takes 
kinetic energy associated with the motion of the vehicle and 
redirects it back to the energy Storage System 30 rather than 
having Such energy be dissipated as heat, or in Some other 
form, whenever it is necessary to brake the vehicle. 

0067. The onboard operator controls 38 are also coupled 
to a display panel 39 that provides information to a driver of 
the vehicle Such as the current State of charge of the energy 
Storage device 30, Vehicle Speed, and the like. In addition, 
the onboard operator controls 38 are coupled to electronic 
actuators 38a for Steering and conventional (i.e., frictional) 
braking of the RPEV 12. Advantageously, the electronic 
actuators 38a provide much faster reaction times than 
achievable through conventional hydraulic System, and 
therefore facilitate platooning of multiple RPEVs and/or 
automated guidance of the RPEV 12. Use of the electronic 
actuators 38a for conventional braking and for Steering is 
explained more fully below in reference to FIG. 14. The 
onboard operator control 38 may also coupled to an irf 
transceiver System 37, including an antenna that is used to 
provide a short range rf communications channel between 
the RPEV 12 and a wayside control system, as described 
more fully below in reference to FIG. 10. 

0068 Thus, as seen in FIG. 1, the RPEV receives its 
operating power through the electrified roadway 26, i.e., 
through the roadway power transmitting module 24, Stores 
Such power in a highly efficient energy Storage System 30, 
and then uses Such Stored energy, as required, to drive the 
RPEV's electric drive 36. Advantageously, the RPEV 12 is 
all electric and has Zero emissions. 

0069. Referring next to FIG. 2, an electrical block dia 
gram of the RPEV 12 and roadway power module 24 is 
shown. As seen in FIG. 2, the onboard power control unit 32 
of the RPEV includes a power director 54, a microprocessor 
controller 56 and various vehicle control units 58. AS further 
seen in FIG. 2, the roadway power transmitting module 24 
is simply a coil 40. Such coil 40 is connected to the power 
conditioner 28. The preferred power conditioner 28 is a 
3-phase, 60 Hz to 1-phase, f1 kHz converter, where f1 is a 
desired coupling frequency. Preferably, the coupling fre 
quency is from between 2000 Hz and 3500 Hz or between 
8500 Hz and 9000 Hz. Similarly, the preferred onboard 
power receiving module 20 is also a coil 42. When a suitable 
ac electrical current flows through the coil 40 at the coupling 
frequency f1, Such current generates a magnetic field that 
varies at the coupling frequency f1. Such varying magnetic 
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field cuts through the coil 42 and induces a Voltage therein 
according to Faraday's law of induction. When the coil 42 
is connected to a Suitable load, an ac current is thus 
established in the coil 42 and power is effectively coupled 
from the coil 40 to the coil 42. 

0070 The coupling between the coils 40 and 42 is 
referred to as inductive coupling. It is the same type of 
coupling that occurs in a transformer, except that in a 
transformer the two coupled coils are closely physically 
coupled and are usually on the same magnetic core So that 
the coupling efficiency between the two coils is very high 
(i.e., all of the magnetic flux generated by the current in one 
coil cuts through the other coil). Where the coupled coils 
have an air gap between them, as occurs for this embodiment 
(with the coil 40 being embedded in the roadway, and the 
coil 42 being carried on the underneath side of the RPEV 
12), the coupling efficiency is a function of the distance, or 
air gap, between the two coils 40 and 42, as well as the 
relative alignment between the coils. 
0071. In order to improve the coupling efficiency 
between the embedded coil 40 and the onboard coil 42, the 
present embodiment mounts the coil 42 on an assembly 44. 
The horizontal position of the assembly 44 is controlled by 
a horizontal coil position unit 46. Similarly, the vertical 
position of the assembly 44 may be controlled by a vertical 
(air gap) coil position unit 48. The vertical position may 
also, or alternatively, be controlled by an adjustable ride 
height suspension 49 that causes the entire RPEV 12 to 
“kneel' or lower when it stops to load or unload passengers. 
This may be accomplished, for example, through the use of 
air Shock absorbers, from which air can be released to lower 
the RPEV 12, or into which air can be pumped to raise the 
RPEV. Such kneeling not only lowers the RPEV's 12 height, 
thereby easing embarkation and debarkation, but also Sig 
nificantly reduces the air gap between the onboard power 
receiving module 20 and the roadway power transmitting 
module 24. Such adjustable ride-height Suspension Systems, 
or "kneeling Suspension Systems, are well known in the 
automotive and mass transportation arts and are therefore 
not described in further detail herein. 

0.072 The positioning units 36 and 48, in combination 
with the steering of the RPEV 12 and the adjustable ride 
height suspension 49, allow the onboard coil 42 to be 
optimally aligned with the embedded coil 40 so as to provide 
the maximum possible coupling efficiency between the two 
coils 40, 42. Advantageously when the RPEV 12 is stopped, 
for example, e.g., at a passenger loading/unloading Zone, or 
at a signaled interSection, or when parked in a parking Zone 
or garage, the air gap between the onboard coil 42 and the 
embedded coil 40 may be reduced to zero, or near Zero, by 
“kneeling” the RPEV 12 and/or lowering the movable 
assembly 44 until it contacts the surface of the roadway 26 
where the roadway power, transmitting module 24 is embed 
ded. Such reduction in the air gap, coupled with optimum 
lateral alignment of the assembly 44 relative to the embed 
ded coil 40, allows a maximum amount of power to be 
coupled from the embedded coil 40 to the onboard coil 42. 
Even when the air gap between the two coils is not Zero, 
however, as when the RPEV 12 is simply driving over the 
electrified roadway, Some power is still coupled from the 
embedded coil 40 to the onboard coil 42. In order to 
maximize coupling when the RPEV 12 is moving, the coils 
40, 42 are oriented predominantly lengthwise (or longitudi 
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nally) relative to the RPEV12. Thus, as the coils 40, 42 pass 
over one another maximum coupling is maintained for a 
maximum amount of time. Such lengthwise alignment of the 
coils 40, 42 is described below in reference to FIG. 5C. 
Thus, the RPEV 12 is capable of receiving some power from 
the electrified roadway 12 simply by having the RPEV 12 
drive over or on the electrified roadway. 
0073. Two ways of coupling power from the embedded 
coil 40 to the onboard coil 42 may be used. First, the 
embedded coil 40 may be continuously energized with an 
appropriate power Signal generated by the power converter 
28. Only when the onboard coil 42 comes near the embed 
ded coil 40, however, is Significant power transferred 
through the inductive coupling link. This is because the 
RPEV 12 represents the electrical load that receives the 
coupled electrical power. When the load is not present, as 
when the RPEV is not over the electrified roadway, then 
there is nowhere for the electrical power to go, and no power 
transfer (or very little power transfer occurs). This is analo 
gous to having a load, or not having a load, attached to the 
secondary winding of a transformer. When the load is 
attached, power is transferred to the load through the trans 
former. When the load is not attached, no power is trans 
ferred to the Secondary winding, and no power (other than 
the power associated with magnetic field losses) is trans 
ferred. 

0074. A second way of coupling power from the embed 
ded coil 40 to the onboard coil 42 is to incorporate a vehicle 
sensor 50 into the roadway power module 24. The sensor 50 
senses the presence of the RPEV 12, and in response to such 
Sensing, activates the power converter 28 to energize the 
embedded coil 40. If the RPEV is not sensed, then the power 
converter 28 is not turned on Thus, using such sensor 50, 
only when an RPEV 12 is present on the roadway 26 is the 
roadway 26 electrified. The sensor 50 may be a conventional 
vehicle Sensor that Senses the presence of any vehicle 
driving on the roadway, e.g., a preSSure Switch Sensitive to 
weight, an inductive Strip or loop, or a magnetic or an optical 
Sensor, as are commonly used in the art to Sense vehicles and 
other large objects. Alternatively, the sensor 50 may be a 
“smart’ sensor that senses only RPEVs and not other types 
of vehicles. A Smart Sensor is realized, for example, by 
incorporating a conventional rf or optical receiver in the 
Sensor 50 that receives a particular type of identifying Signal 
(rfor optical) that is broadcast by a transceiver 52 carried 
onboard the RPEV 12, or by employing an optical scanner 
as part of the roadway sensor 50 that senses or “reads” a bar 
code placed on an underneath Side of the vehicle as the 
vehicle passes thereover. 
0075 Regardless of the manner in which power is induc 
tively coupled to the RPEV 12 through the coils 40 and 42, 
an important consideration for Such inductive power transfer 
is the coupling frequency (referred to as “fl” above). Such 
coupling frequency is the dominant System parameter in the 
RPEV since the alternating current is fundamental to the 
inductive coupling energy transfer principle, and it affects 
the size, weight, cost, acoustic noise, flux density and 
efficiency of the various energy handling Systems. Further, 
the coupling frequency interacts with all of the other System 
variables in relationships that are generally complex and 
non-linear. Coupling frequency is thus a basic parameter that 
appears in the Specification for every piece of electrical and 
electronic apparatus aboard the RPEV 12. 
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0.076 The importance of the coupling frequency can be 
further appreciated by recognizing that heretofore only two 
Standard power frequencies have existed for Several 
decades, one at 50 or 60 Hz, which is the universal industrial 
and household standard, and the other at 400 Hz, which is an 
aircraft Standard adopted to reduce size and weight. Neither 
frequency, however, is optimum for the RPEV system of the 
present embodiment. 
0077. The above “standard” frequencies of 50 or 60 Hz or 
400 Hz, termed for purposes of this application to be 
relatively “low” frequencies, offer Some advantages, par 
ticularly in the transmission of power over transmission 
lines of Substantial length. For purposes of the RPEV of the 
present embodiment however, it has been determined that a 
“higher frequency, in the kHz range, e.g., between 1 and 10 
kHz. Between 8500 Hz and 9000 Hz is the most optimum 
frequency to use for transferring power through the induc 
tive coupling link and within the RPEV to-power the RPEV 
and to minimize losses. The EMB, while operating at 
variable frequencies, operates at a nominal frequency of 
around 3000 Hz. Thus, a frequency between 2000 Hz and 
3500 Hz may also be desirable. (Note, if the rotor of the 
EMB is synchronized with a 3000 Hz, driving signal, then it 
is rotating at 180,000 rpm.) Further, on the utility side of the 
energy transfer, i.e., at the power converter 28, converting 
the input power from the utility (typically 3-phase, 480 vac, 
at 60 Hz) to a single phase signal at 3000 Hz or 9000 Hz can 
be achieved in a commercially-available power converter. 
0078. Another important consideration for using an 
inductive coupling frequency of around 9000 Hz or 3000 Hz 
is the Strength or intensity of the Stray magnetic fields that 
might otherwise penetrate into the RPEV as a result of the 
electromagnetic fields associated with the inductive cou 
pling. AS indicated above, there are Some Safety concerns, or 
at least perceived Safety concerns, at present regarding 
whether exposure to Such electromagnetic fields posses a 
health risk. While there exists no direct evidence confirming 
Such health risk, many who have Studied the issue have 
concluded that the prudent thing to do is to avoid exposure 
to Strong electromagnetic fields. See, e.g., “Electromagnetic 
Field”, Consumer Reports, pp. 354-359 (May 1994). Advan 
tageously, by using a coupling frequency of around 9000 HZ 
or 3000 Hz, the strength of the magnetic fields within the 
RPEV is generally less than 1 mG (milligauss), which is no 
greater than the background magnetic fields that are present 
in a typical U.S. home. 
0079 Still referring to FIG. 2, it is seen that the power 
received through the onboard coil 42 is monitored by the 
power meter 34. The power meter 34 forms an important 
part of the present embodiment because it provides a means 
for a power utility company, or other electrical power 
provider, to monitor power usage and thus collect payment 
for the electrical power provided to power the RPEV. As 
such, the power meter 34 is preferably mounted so that it is 
tamper proof and So that it cannot be bypassed, similar to the 
power meters that are installed in most commercial and 
residential facilities. Similarly, although not mandatory, it is 
preferred that the power meter 34 include means for down 
loading the power measurements (“power data') that have 
been made. As described more fully below, included on the 
RPEV 12 is communications System including, e.g., the 
transceiver 52, that permits information to be sent to and 
from the RPEV 12 from/to a location remote from the RPEV. 
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Such communications System may, by way of example, 
communicate via the power transmitting module 24 and 
other sensors/transducers associated therewith or via the RF 
communications channel coupled through the onboard 
operator control 38. When such communications system is 
used, the power data from the power meter 34 may be 
transmitted from the RPEV. Once downloaded, such power 
data is preferably directed to the power utility company. The 
power utility company is then able to bill the appropriate 
owner of the RPEV for the electrical power that has been 
used. 

0080. In some configurations, the RPEV 12 includes an 
identification data Signal that is transmitted from the vehicle 
each time that electrical power is coupled thereto when the 
RPEV is stopped, and therefore when the assembly 44 has 
been lowered to reduce the air gap to near Zero. Before 
electrical power is transferred, the RPEV identification data 
Signal is verified, and power data is read from the power 
meter. 

0081. Another signal that may be transmitted from the 
vehicle is a location Signal. The location signal is generated 
by a location System 59 in response to one or more location 
determining Subsystems. Such Subsystems may include any 
of a plurality of known location determining Subsystems, 
such as a Global Positioning System (GPS) receiver, a 
Differential Global Positioning System (dGPS), a LORAN 
receiver, and/or a dead reckoning or inertial positioning 
System, or the like. The location System can be used by a 
communications control and monitoring Station, described 
below, to determining whether the RPEV 12 is properly 
located, e.g., on Schedule, and can also be used onboard the 
RPEV 12, in combination with the microprocessor control 
ler 56 and electronic actuators 38a to steer the RPEV 12 for 
optimal positioning over the roadway power transmitting 
module 24. 

0082) Advantageously, in addition to steering the RPEV 
over the roadway power transmitting module 24, the loca 
tion signal can be used by the RPEV 12 to precisely position 
its doors adjacent to a loading platform. Such positioning 
can be accurate to within a few centimeters when a dGPS 
receiver in combination with a dead reckoning System is 
used to determine position. As a result, platform loading 
Similar to the loading of a elevator (i.e., "elevator-like” 
platform loading) can be performed, thereby facilitating 
acceSS by the disabled, and the elderly. 
0083) Power received through the onboard coil 42 is 
coupled through a power director 54 to the onboard energy 
storage system 30. Also coupled to the power director 54 is 
the electric drive train 36. It is the function of the power 
director 54, as its name implies, to direct power to and from 
the onboard energy Storage System 30 and the electric drive 
train 36. Power is initially directed, for example, from the 
onboard coil 42 to the energy storage system 30. Power is 
also directed, as required from the energy Storage System 30 
to the electric drive train 36. Regenerative power may also 
be directed, when available, from the electric drive train 36 
back to the onboard energy Storage System 30. 
0084. The power director 54 is controlled by the micro 
processor controller 56. The microprocessor controller 56, 
which is realized using a conventional processor-based 
system, such as the Motorola 68000 series, or the Intel 
386/486/PENTIUM series of processors, both of which are 
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well documented in the art, has appropriate RAM/ROM 
memory associated there with wherein there are Stored 
numerous operating routines, or programs, that define Vari 
ous tasks carried out by the microprocessor controller 56. 
Many Such tasks are the same as are carried out with the 
operation of any EV. For purposes of the present embodi 
ment, the most significant tasks carried out under control of 
the microprocessor controller 56 relate to directing the 
power to and from the energy Storage System (explained 
below in conjunction with FIG. 3), controlling the lateral 
and vertical position of the assembly 44 on which the 
onboard coil 42 is mounted and the steering of the RPEV 12 
to optimally position the RPEV 12 for power transfer, 
receiving appropriate commands from the operator control 
devices 38, and monitoring onboard vehicle sensors 60. 
0085. The operator control devices 38 include both 
operator control input devices 62 and vehicle displayS 64. 
The input control devices include, e.g., manual Switches or 
controls that determine Speed, direction, braking, and other 
controls, associated with the manual operation or driving of 
the RPEV. Such devices are of conventional design and 
operation. The displayS 64 are also of conventional function 
and design, indicating to the operator Such parameters as 
vehicle Speed and the Status of the energy Storage System 30. 
0.086 The operator input control devices 62 generate 
input Signals to the microprocessor controller 56. The micro 
processor controller 56, in turn, responds to Such input 
Signals by generating appropriate output signals that are 
directed to a set of vehicle control units 58. The vehicle 
control units 58 perform the function of interface (I/F) units 
that convert the Signals output from the microprocessor 
controller 56, which are digital-Signals, to the requisite 
Signals for actually effectuating the desired control. Thus, 
for example, a braking Signal may be sent from the operator 
control 62 to the microprocessor controller 56. The micro 
processor controller 56 would process the braking control 
Signal in an appropriate manner relative to the current Status 
of the RPEV, e.g., Speed, direction, etc., as determined by the 
vehicle Sensors 60, and would determine the appropriate 
amount of braking needed. It would then Send its output 
Signal to a braking control unit (one of the control units 58), 
which would convert it to an appropriate analog electrical 
Signal. The analog electrical Signal is then directed to an 
electronically actuated braking mechanism, i.e., a braking 
Servo motor, that applies the appropriate pressure to the 
vehicle's braking System. Similar processes are carried out 
for driving the vehicle at a desired Speed, Steering the 
vehicle, and the like with electronic actuators, Such as Servo 
motorS or Stepper motors, also being preferred for Steering 
of the vehicle. 

0087. Some of the “driving” functions of the RPEV. 
although often under manual control of the operator through 
the operator control devices 38, may also be automated, or 
controlled by the microprocessor controller 56 in accordance 
with a prescribed or preprogrammed regime. For example, a 
key feature of the RPEV of the present embodiment is to 
incorporate lateral, as well as vertical (air gap) positioning 
of the assembly 44 on which the coil 42 is mounted. Thus, 
as the operator of the RPEV approaches, e.g., a passenger 
loading/unloading Zone, he or She activates an auto-posi 
tioning function that effectively takes over the driving of the 
vehicle for the final 10 to 15 feet. Once the auto-positioning 
function is activated, the vehicle sensors 60 sense the 
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position of the RPEV 12 relative to the roadway power 
transmitting module 24 embedded in the roadway. The 
Steering of the vehicle is then controlled by the micropro 
cessor controller 56 so that the vehicle is laterally posi 
tioned, to within a rough tolerance, e.g., +5 to 10 cm, of the 
optimum lateral position when the vehicle comes to its 
designed Stopped location. Once Stopped, the horizontal coil 
positioning unit 46, typically realized, e.g., using conven 
tional hydraulic and/or electronic positioning devices, fur 
ther controls the lateral position of the coil 42 so that it is 
more closely aligned, e.g., to within t1-2 cm, of the opti 
mum lateral position. Once the assembly 44 has been 
aligned laterally, or concurrent with the lateral alignment of 
the assembly 44, the vertical (air gap) positioning unit 48, 
also typically realized, e.g., by kneeling the RPEV using the 
ride-height adjusting Suspension 49, thus reducing the air 
gap, and then, using conventional hydraulic and/or elec 
tronic positioning devices to lower the assembly 44 So as to 
further reduce the air gap to near Zero. 

0088. With the air gap near Zero, the onboard energy 
Storage System 30 is charged with additional power obtained 
from the power converter 28 through the inductive coupling 
link (which operates at maximum efficiency with a near Zero 
air gap), Before the RPEV is allowed to move, i.e., before 
the RPEV can be driven away from the passenger loading/ 
unloading Zone, the Vertical positioning unit 48 raises the 
assembly 44 back to its normal position on the underneath 
side of the RPEV frame and the ride-height adjusting 
suspension 49 raises the RPEV12 to a height appropriate for 
travel. 

0089. The vehicle sensors 60 comprise a variety of dif 
ferent types of Sensors that Sense all of the parameters 
needed for proper operation of the RPEV. Such sensors 
Sense, e.g., temperature, lane position, distance from nearest 
vehicle or object, and the like. For purposes of laterally 
positioning the assembly 44, Such Sensors are typically 
optical Sensors that look for markers placed on the roadway 
power transmitting module 24 embedded in the roadway. 
Other types of Sensors may also be used for this purpose, 
including acoustic, mechanical, and electromagnetic Sen 
SOS. 

0090 When the RPEV is traveling (being driven) on an 
electrified portion of a highway or roadway, the lateral 
(horizontal) positioning device 46 is also activated So that 
the coil 42 can maintain, to within a rough tolerance, an 
optimum lateral position relative to the coil 40 that is 
embedded in the roadway. In Such instances, and optionally 
even when the vehicle is stopped, instead of using the 
sensors 60, or in combination with using the sensors 60, to 
sense the relative lateral location of the coil 42 to the coil 40, 
the approximate lateral position may be determined by 
monitoring the change in the amplitude of the inductively 
received power Signal as the coil 42 is laterally moved in one 
direction or the other. The microprocessor controller 56 then 
laterally positions the coil 42, using the horizontal coil 
positioning unit 46 and/or the steering of the RPEV, to 
maintain the coil 42 at a lateral position that keeps the 
induced power Signal at a peak or maximum level. 

0091 Turning next to FIG. 3, a block diagram of the 
onboard power director 54 and the onboard energy Storage 
system 30 is shown. As seen in FIG. 3, the preferred 
onboard energy Storage System 30 comprises a plurality of 
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electromechanical battery (EMB) modules, labeled EMB-1, 
EMB-2, . . . EMB-n. Each EMB module is constructed as 
described below in conjunction with FIGS. 8 and 9A and 
9B. The power director includes a Switch matrix 70, a 
unidirectional ac-to-ac converter 72, and a bidirectional 
matrix converter 74. The bidirectional matrix converter 74 is 
connected to the electric drive train 36, which includes one 
or more ac induction drive motors 76. The ac-to-ac converter 
72 is connected to the onboard receiving coil 42 through 
which inductively coupled electrical power is received. 
0092. Each EMB includes three power terminals, repre 
Senting the 3-phase signals that are applied thereto (when the 
EMB is being charged), or extracted therefrom (when the 
EMB is acting as an ac generator). A set of Switches, one set 
for each EMB, connects each power terminal of each EMB 
to either the ac-to-ac converter 72 (when electrical power is 
being applied to the EMB to charge it) or the matrix 
converter 74 (when electrical power is being extracted from 
the EMB and applied to the induction drive motors 76 that 
form part of the electric drive train 36; or when regenerative 
electrical power is being applied back to the EMB from the 
motors 76). 
0093. The unidirectional ac-to-ac converter 72 is of con 
ventional design. The power Signal received through the coil 
42 comprises a Single phase, e.g., 3000 HZ signal. This 
Signal is rectified, and then chopped with an appropriate 
frequency control Signal(s), provided by the microprocessor 
controller 58, to create a 3-phase signal of varying fre 
quency. Each phase of the 3-phase signal thus generated is 
applied to the Switch matrix 70 So that each phase may, in 
turn, be Selectively applied to the respective input terminal 
of each EMB of the energy storage system. Each EMB is 
charged (energy is stored therein) by applying a 3-phase 
signal thereto that causes the rotor of the EMB to spin at the 
frequency of the applied Signal. By applying a 3000 Hz, 
3-phase Signal, for example, to the terminals of the EMB, a 
rotating magnetic field is established within the EMB that 
rotates at a rate of 3000 revolutions per second, or 180,000 
revolutions per minute (rpm). If the rotor is stopped when 
Such a signal is applied, then it spools up to the Speed 
corresponding to the applied frequency, representing the 
Storage of energy. If the rotor is rotating at a speed less than 
the Speed corresponding to the applied frequency, then the 
rotor Speed increases to match the Speed dictated by the 
applied frequency, representing the Storage of additional 
energy. If the rotor is rotating at a speed greater than the 
Speed corresponding to the applied frequency, then the rotor 
Speed decreases to match the Speed dictated by the applied 
frequency, representing a decrease in the energy Stored in the 
EMB. Thus, the key to Spooling up, or charging, a given 
EMB to increase the energy Stored therein is to apply a 
Signal thereto having a frequency corresponding to a rotor 
Speed that is greater than the present rotor Speed. 

0094. In view of the above, one of the main functions of 
the microprocessor controller 56 is to monitor the rotor 
speeds of each EMB within the energy storage system 30 so 
that when an input Signal is received through the onboard 
coil 42, it can be converted to a 3-phase signal having an 
appropriate frequency Sufficiently high So that it will 
increase the present EMB rotor Speed, thereby Storing addi 
tional energy in the EMB. To this end, each EMB includes 
a means 31 for determining its rotor Speed, shown function 
ally in FIG.3 as the speed sensors 31-1, 31-2, ... 31-in. Each 

Aug. 18, 2005 

of the speed sensors 31-1, 31-2, ... 31-n is coupled to the 
microprocessor controller 56 through a suitable bus 33. In 
practice, a Separate rotor Speed Sensor is not needed, as the 
rotor speed of each EMB may be determined by simply 
Sampling the ac Signal generated by the EMB when oper 
ating in a generator mode. However, in order to emphasize 
the importance of sensing the EMB rotor speed (which 
provides a measure of the energy stored therein), separate 
functional speed sensors are shown in FIG. 3. 
0.095 The bi-directional matrix converter 74 performs 
the function of taking the 3-phase signals generated by each 
EMB (when functioning as an energy Source, or generator) 
and converts Such Signals as required in order to drive the ac 
induction motors 76 included in the electric drive train 36. 
When the RPEV is braking, or coasting (e.g., going down 
hill), the matrix converter 74 also performs the function of 
taking any energy generated by the motors (which, when the 
RPEV is braking or coasting, are really functioning as 
generators) and reapplying Such energy to the EMB's of the 
energy storage system 30. The matrix converter 74 may be 
as described, e.g., in Ziogas, et al., “Analysis and Design of 
Forced Commutated Cycloconverter Structures with 
Improved Transfer Characteristics”, IEEE Trans. Ind. Elec. 
Vol. IE-33, No. 3, 271 (August 1986). 
0096) The switch matrix 70 performs the function of a 
plurality of Switches that connect the Set of power terminals 
of each EMB to either the matrix converter 74 or the ac-to-ac 
converter 72. Such switch matrix may take various forms, 
including electrical relays, Solid Stake Switches, SCR's, 
diodes, and the like. 
0097. One of the advantages of using the EMB as the 
basic building block of the energy Storage System 30 is that 
each individual EMB may be of a standard size and design. 
A conventional EMB, for example, is designed to provide an 
energy capacity of 1 kW-h. By using fifteen such EMB 
modules in parallel, as shown in FIG. 3, the overall energy 
capacity thus increases to 15 kW-h. For Smaller, lighter, 
RPEVs, only a few EMB's are needed to power the vehicle, 
e.g., 2-6. For larger, heavier RPEVs, Such as trucks and 
vans, more EMB's are needed, e.g., 6-10, or more. For even 
larger RPEVs, such as buses, further EMB's are added as 
required, e.g., 12-20, or more. 
0098. The specifications of a typical RPEV made in 
accordance with the present embodiment are as shown in 
Table 1. 

TABLE 1. 

Specifications of Typical Roadway-Powered 
Multiple Occupancy All Electric Vehicle 

Item Description 

UTILITY POWER 
POWER CONDITIONER 

480 vac, 60 Hz, 3-phase 
Input: 480 vac, 60 Hz, 3-phase 
Output: 225 kW, 3 or 9 kHz, 
1-phase 
3 or 9 kHz, 300 amps, 200 kW. 
Module Length: 3 meters 
3 or 9 kHz, 200 kW; 
Mounted on movable assembly to 
provide multiple pickup 
positions 
Functions: Motor Controller; 
Regeneration Management; Pickup 

ROADWAYPOWER 
TRANSMITTER MODULE 
ONBOARD POWER 
RECEIVING MODULE 

ONBOARD POWER 
CONTROLLER 
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TABLE 1-continued 

Specifications of Typical Roadway-Powered 
Multiple Occupancy All Electric Vehicle 

Item Description 

Power Control; Onboard Energy 
Storage Control; Monitoring 
State of Change; Metering Energy 
Consumption 
15 kW-h (15 ONBOARD ENERGY kW-h modules G 10 kW 

STORAGE each, 3 kHz (nominal) 
ELECTRIC DRIVE Two 35 kW AC Motors 
TRAIN 
MULTIPLE OCCUPANCY 

VEHICLE (MOV) 
DESIGN FEATURES 

10–15 seated passengers; 110 km/h 
max speed; low floor; 
platform loading; electric 
propulsion; electronic guidance; 
electronic coupling. 
Functions: electronic steering; 
lateral guidance control; 
electronic coupling and platform 
control; vehicle diagnostics; 
vehicle ID; “throttle control; 
brake control; speed profile 
control; route control; vehicle 
“flight recorder. 
Functions: roadway-vehicle 
communication; lateral guidance 
signal; speed markers; vehicle 
ID interrogation; roadway 
surface condition sensors. 

ONBOARD CONTROL 
SYSTEM 

ROADWAY CONTROL 
ELEMENTS 

0099 Turning next to FIG. 4, there is shown a schematic 
illustration of a roadway-powered electric vehicle (RPEV) 
System made in accordance with the present embodiment. 
The RPEV system includes a network of, roadways and 
highways 26, Selected portions of which have been electri 
fied with a roadway power transmitting module 24, over 
which a fleet of RPEV's 12 may travel. Each roadway power 
transmitting module 24 is connected to a utility power 
Source over suitable power lines 78, as previously described. 

0100 AS indicated above in Table 1, the roadway power 
transmitting modules 24 are typically about 3 meters in 
length. For many locations of the roadway/highway net 
work, a Single module 24 is all that is required in order to 
efficiently couple to an RPEV that is above it. At other 
locations, e.g., along a Section where there is no planned 
stopping of the RPEVs, such as areas 88 and 90, several 
modules 24, laid end-to-end, will be needed. Thus, at 
parking locations 82, or in an overnight parking garage area 
84, or even at a passenger loading/unloading Zone 86, and 
other locations where it is anticipated that the RPEV will be 
Stopped for a Sufficient charging time, a single power trans 
mitting module of 3 meter length is all that should be 
needed. In fact, for a garage/parking Situation, a shortened 
(e.g., 1-2 meters) power transmitting module 24' can nor 
mally be employed and Still provide adequate coupling with 
the parked RPEV. Further, at strategic locations throughout 
the network of roadways/highways 26, various sensors 80 
may be positioned to provide an indication of roadway 
Surface conditions. Such information may be transmitted to 
the RPEV's 12 through conventional means, e.g., rf trans 
mission; or through modulation of the power Signal trans 
mitted over the primary power line 78 and inductive cou 
pling link with each vehicle. 
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0101 Across-sectional view of the roadway power trans 
mitting module 24 is illustrated in FIGS. 5A and 5B, with 
FIG. 5B showing an enlarged view of the section of the 
roadway that is circled in FIG. 5A. The preferred width of 
the coils 40 and 42 is about 65 cm, as seen in FIG. 5B, with 
the coil being centered in a typical lane of about 3.65 meters 
in width, as seen in FIG. 5A. As illustrated in FIG. 5C, both 
the embedded coil 40 and the onboard coil 42 may be 
characterized as “flat' or “pancake' coils that lie roughly in 
respective planes parallel to the Surface of the road 26. The 
coils 40, 42 are elongated lengthwise (or longitudinally) 
with respect to the RPEV 12, so as to maximize coupling in 
cases where the RPEV 12 is in motion as the onboard coil 
42 passes over the embedded coil 40. 
0102). With reference to the RPEV system of the present 
embodiment, it is noted that a conventional battery-driven 
electric Vehicle is normally charged overnight for Several 
hours in one's garage, and then the vehicle Starts off the day 
with a full charge on the batteries. The rate of charge is 
inherently constrained by limitations of power available in 
the typical household, since 200 KW, if installed, would be 
prohibitively expensive. The rate of charge in the home is 
thus limited to 6 KW to 10 KW, which means that a typical 
recharge takes Several hours. 
0103) The term “opportunity charging” has been used in 
the prior art to Signify other times when a stopped vehicle 
can receive a charge, for example at curbside or in a parking 
garage, where it is stationary and can be plugged in. 
0104 Advantageously, with the RPEV system of the 
present embodiment, the idea of opportunity charging takes 
on a whole new meaning. In fact, Since opportunity charging 
is so different for the RPEV system, a new term has been 
coined, “demand charging” or “demand responsive charg 
ing, to Signify the difference. Demand responsive charging 
is, as previously explained, made possible by two technolo 
gies: (1) the non-contacting inductive coupling energy trans 
fer System and (2) an energy storage System that allows a 
very-high rate of charge to take place. The combination of 
these two technologies and the associated onboard power 
control unit 32 make it possible to replenish the stored 
energy of an RPEV in minutes, not hours. 
0105. At least four types of demand responsive charging 
are possible with the RPEV system, described below. 
0106 A first type of demand responsive charging is 
charging of electric buses, using inductive coupling pads, at 
about 25 percent of its stops. Such charging transferS enough 
energy for the bus to run continuously for 24 hours a day, if 
necessary, Since the energy Storage System is being con 
Stantly replenished. This means that for a bus System leSS 
than 1 percent of the route would need to be electrified, 
contrasted with the trolley bus, which has 100 percent 
electrified roadway. From a cost Standpoint, this means that 
a bus line can be electrified for less than 4 percent of the cost 
of overhead wires. It makes a practical electric bus possible 
for the first time. 

0107 For the bus, the energy transfer takes place for a 20 
second to 30 second period when the vehicle is fully 
Stopped, thus the air gap can be Zero, or nearly Zero, thereby 
greatly improving the efficiency as well as the rate of power 
collection. A representative electrification of a bus Stop 
along a highway route is shown at area 86 in FIG. 4. 
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Advantageously, using Such demand responsive charging 
System for a bus line as described above makes possible an 
all-electric bus System that is competitive with a diesel bus 
in life cycle costs. 

0108. It should also be noted that in many cases, a bus has 
assigned layover points where it must wait for a few minutes 
in order to Synchronize its route with an advertised Schedule. 
In Such instances, a charging pad 24 may be installed at the 
layover point, and the RPEV bus could get enough energy 
replenishment in 3 to 5 minutes to run much of its assigned 
loop or route without the need for further energy transfer. 
0109) A second type of demand responsive charging for 
use with the RPEV system of the present embodiment is that 
of automobile and highway, and depicted in FIG. 6A. 
Heretofore, it has been assumed that an effective electrifi 
cation System would require the heavily traveled freeway 
lanes to be fully electrified, i.e., at least one lane in each 
direction for even a thin network in a region. In the San 
Diego region, for example, this would mean about 500 
lane-kilometers (312 lane miles) would need to be electrified 
if one established an electrification network on the freewayS. 
However, with the RPEV system of the present embodiment, 
only about 10 percent of the powered lane actually needs 
power, with the remaining 90 percent being unpowered, as 
shown schematically in FIG. 6A. Hence, when the RPEV 
travels over the 10% of the lane that is electrified, it is 
charged, which charge provides Sufficient energy for it to 
travel the remaining 90% to the next electrified location. In 
practice, of course, a large Safety factor is designed into the 
RPEV So that it has the capacity, when fully charged, to 
travel much further than the 90% distance to the next 
charging location. However, the point is that the RPEV 
receives a charge as it is traveling over electrified portions 
of the roadway. From a System specification Standpoint, 
minimum power transfer rates of 100 to 140 kW in motion, 
or roughly 30 to 50 KW/m, are desirable. The onboard 
energy Storage System 30, when realized using a network of 
EMBS, advantageously permits this rate of power collection 
to take place. 

0110) A variation of the demand responsive charging 
system shown in FIG. 6A is depicted in FIG. 6C. In FIG. 
6C, the roadway power transmitting modules 24 (charging 
pads) are spaced about every 300 m over a distance of, e.g., 
1.2 km, and are thus grouped in clusters 25 of five modules 
24 each, with each cluster 25 being powered from the same 
power conditioner 28. The clusters 25 are then selectively 
Spaced along the length of the roadway, e.g., with a non 
electrified Section of roadway of about 3.6 km Separating the 
clustered Sections. Thus, for the cluster configuration shown 
in FIG. 6C, a new cluster of power transmitting modules 24 
is found about every 4.8 km of the roadway. 

0111 A third type of demand responsive charging for use 
with the RPEV system is that of selective electrification of 
a signalized arterial intersection, as shown in FIG. 6B. In 
FIG. 6B, which shows an aerial view of a typical intersec 
tion, the electrified portions of the interSections, i.e., those 
that have the roadway power transmitting modules 24 
embedded therein, are shaded. All RPEV's 12 passing 
through the Signalized arterial interSection are able to take 
advantage of demand responsive charging. The typical tran 
sit time through the intersection is about 45 seconds to 60 
seconds. During this time, the RPEV receives as much 
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energy from the roadway module 24 as it could in a mile of 
a powered lane on the highway. Thus by electrifying the last 
30 meters of a signalized interSection lane, or lanes, 2% of 
the arterial lane being electrified has the same effect as fully 
electrifying the lane. 
0112 A fourth type of demand responsive charging that 
may be used with the RPEV system is that of electric 
garaging. In electric garaging, a charging pad 24, approxi 
mately 1 meter Square and 3 cm thick, is installed on the 
surface of a driveway or garage floor, as shown in FIG. 7. 
The pad 24', and associated power conditioner (power 
Supply) 28', are capable of operating in two modes. In a first 
electric garaging mode, low levels of continuous energy 
flow, e.g., 200 watts to 500 watts, are provided. Such energy 
flow is used to provide a stable interior temperature in the 
RPEV 12 from about 50 F. to 70° F. corresponding to cold 
or hot climates. The RPEV commands the rate of energy 
flow according to its need to regulate interior temperatures, 
and is thermostatically controlled. 
0113. The energy transfer System for the electronic garag 
ing first mode is preferably actuated remotely a few minutes 
in advance of use to bring interior temperatures to a com 
fortable level, and a data link between the roadway and 
vehicle will provide Security against tampering or theft. The 
mechanical gap between the vehicle pickup coil 42 and the 
roadway element 24' is adjusted to essentially Zero in this 
mode of operation, as well as in the Static charging mode 
described next. 

0114. In a second electronic garaging mode, the pad 24 
is used for an overnight recharging of the energy Storage 
system 30 of the RPEV12. In this case the power flow levels 
are between 6 KW and 10 KW (comparable to an electric 
clothes dryer in a residence), and the time for recharge 
ranges from 1 hour to 2 hours. 
0115 Preferably, the electronic garaging operates in a 
demand responsive mode, and is fully automated and hands 
off for the driver. The RPEV generates an enabling signal to 
carry out the charging at times of day when utility rates are 
lowest, e.g., at 2:00 a.m., turning it off when the energy 
Storage is replenished. 
0116. The circuitry needed to accomplish the two modes 
of automatic garaging described above is further depicted in 
FIG. 7A. A pressure sensor 162 senses the presence of a 
vehicle 12" parked above the charging pad 24'. A receive coil 
164 (which may function as the sensor 50 (FIG. 2) may 
further be used to verify the identity of the vehicle 12". A 
charging control circuit 166 controls when the power-con 
ditioner 28' is allowed to charge the charging pad 24' and at 
what charging level. To this end, a clock circuit 168 provides 
an indication to the control circuit 166 of the time of day so 
that the high level charging mode can occur when the 
electric rates are the lowest. In like manner, a communica 
tions receiver 170 is attached to the control circuit 166 So 
that the low level charging mode (used, e.g., to bring the 
interior of the vehicle 12' to a comfortable temperature) may 
be invoked on command. The owner of the garaged vehicle, 
for example, may invoke the low level charging mode using 
a remote transmitter, Similar to a garage door opener trans 
mitter, or by throwing a remote Switch that is electrically 
coupled to the receiver 170. 
0117 The RPEV, as previously described, may issue an 
enabling Signal through the above-mentioned radio fre 
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quency communications channel to command the energy 
transfer to take place, depending on the energy Storage 
requirements at that moment. A high rate of energy transfer 
for a short period is preferred, if possible. But regardless of 
whether the transfer is for a short period of time, as at an 
interSection or bus Stop, or for a longer period of time, as at 
a parking Stall or garage, the System is charged only as 
needed and as requested or demanded, hence the term 
"demand responsive charging properly describes the charg 
ing action that takes place. 
0118 Referring next to FIG. 8, a schematic cutaway 
view of a modular EMB 31 of a type that may be used with 
the present embodiment is illustrated. An EMB module 31 
of the type shown in FIG. 8 is described more thoroughly in 
Post et al., “High-Efficiency Electromechanical Battery,”, 
Proceedings of the IEEE, Vol. 81, No.3, pp. 462-474 (March 
1993). Basically, the EMB module 31 includes a rotor 103 
mounted for rotation on magnetic bearings 100 and 102 
within a sealed vacuum chamber 97. The sealed vacuum 
chamber 97 is defined by thin stainless steel walls 94, 
reinforced with fiber composite, and a glass ceramic sleeve 
95. The entire vacuum chamber 97 is then mounted inside of 
a containment vessel 92 made of highly impact-resistant 
material, Such as three-dimensional fiber composite. Appro 
priate gimbal mounts 98 (represented as springs) are used to 
mount the vacuum chamber 97 within the vessel 92. Three 
phase, Stationary, generator windings 96 are mounted out 
side of the vacuum chamber 97, between the thin walls 95 
that define a narrow neck portion of the vacuum chamber. 
Each winding terminates at one of three terminals 99. 
0119) The rotor 103 is made from concentric rotating 
cylinders 104, 106, 108 and 110. The concentric rotating 
cylinders are made from thin walls (10% of the radius) to 
prevent delamination, and are separated by an elastic mate 
rial 109. A magnet array 111 is placed on the inside of the 
inner concentric rotor cylinder 110 to create a rotating dipole 
magnetic field. The rotor 103 rotates at a velocity of the 
order to 10,000 rads/s (i.e., about 3,000 rot/s), and allows 
each EMB module to produce about 1 kW-h of energy. 
0120 Advantageously, the EMB module 31 stores more 
energy per unit mass or per unit Volume than other known 
energy devices. This is because Stored energy increases only 
linearly with the mass of the rotor (for a given geometry), 
but goes up as the Square of its rotation Speed. Since the rotor 
103 is made of a light, Strong material, it can be spun much 
faster than a heavy Strong material (commonly used in 
conventional mechanical flywheels) before centrifugal 
forces threaten to break it up. The result is that the EMB can 
Store much more energy, and more safely, than has previ 
ously been possible. 
0121 Composite materials based on graphite make it 
possible to build the EMB with a specific energy of about 
150 Wh/kg, and a specific power that is orders of magnitude 
greater than anything achievable by an electrochemical 
battery or even an internal combustion engine. AS indicated 
previously, the EMB can deliver a specific power of 5,000 
to 10,000 W/kg. 
0122) To keep the EMB from running down, the rotor 
103, as indicated, runs on magnetic bearings 100 and 102 in 
the vacuum chamber 97, realized, e.g., using permanent 
magnets made from Nd-Fe-B. Such bearings offer the 
added advantage of extending the EMB's life since there is 

Aug. 18, 2005 

no mechanical contact, and hence no wear, with this mode 
of Suspension. As a result, the Sealed EMB, has an extremely 
long lifetime, and should outlast the vehicle in which it is 
carried. 

0123 The vacuum chamber 97 is evacuated to a pressure 
of 10 to 10' pascals. To achieve and maintain a vacuum 
of that pressure, it is important that the rotor materials 
minimize vacuum outgassing, and that other materials 
employ modern getter alloys. 
0.124. In order to assure safety, which is always a concern 
any time a great deal of energy is Stored in a Small Volume, 
the rotor materials are Selected and designed to fail by 
disintegrating into a mass of fairly benign fluff or “cotton 
candy'. In contrast, massive Steel rotors, Such as are used in 
mechanical flywheels, may fail in a spectacular fashion, 
throwing off large chunks of shrapnel. The vessel 92, also 
made of a three-dimensional composite, is able to readily 
contain any Such disintegrating mass by incorporating into 
its design high-strength fibers that run in all three directions. 
With Such construction, any cracks that get Started in the 
housing are not able to propagate. 
0.125 Advantageously, the EMB is ironless. This feature 
not only keeps the weight low, but prevents hysteresis losses 
common in iron Systems. Moreover, Since inductances of the 
multi-phase windings are extremely low (with no iron 
present), and since rotation speeds are high, unusually high 
peak power outputs are achievable, with Stator copper losses 
that can readily be handled by conventional means (air or 
liquid cooling). 
0.126 A central feature of the EMB is the generator/motor 
design. A special array of permanent magnet bars 112 is 
mounted on the rotor at 109 (FIG. 8). An end view of such 
array, known as the Halbach array, is shown in FIG. 9A, 
with the arrows indicating the relative polarity of the bar 
magnets 112. The magnetic lines of force associated with 
one quadrant of Such array are shown in FIG. 9B. Of 
Significance is the uniformity of the interior field, and its 
near cancellation outside of the array. Using Nd-Fe-B 
magnets, having a B equal to 1.25 Tesla, dipole fields of the 
order 0.5 T can be readily obtained. 
0127. A typical EMB module of the type shown in FIGS. 
8, 9A and 9B, provides the following operating parameters: 

Rotation speed: 200,000 rpm 
Magnetic field of Halbach Array: 0.5 T 
Length & Width of windings: 0.8 m x .04 m. 
Number of turns: 1O 
Output voltage (3-phase): 240 V rims 

0128. It is to be emphasized that the EMB is the preferred 
energy-storage device for use with the RPEV of the present 
embodiment because the EMB offers specific power and 
Specific energy that makes it a viable energy Source for an 
electric Vehicle. AS other alternative energy Sources or 
energy Storage devices are developed, offering the same or 
Similar performance relative to their specific power and 
Specific energy, Such alternative energy Sources may also be 
used with the present embodiment. 
0.129 Referring next to FIG. 10, the communications 
channel provided as part of the RPEV system will be 
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described. It is noted that several different types of commu 
nications channels are illustrated in FIG. 10, any one, or any 
combination of which, may be used with the present 
embodiment. Hence, not all of the elements shown in FIG. 
10 are needed for a given type of communications channel, 
but all Such elements are nonetheless shown in FIG. 10 in 
order to reduce the number of figures that might otherwise 
be needed. 

0130. A first type of communications channel useable 
with the present embodiment is used to broadcast roadway 
conditions to the RPEV before the RPEV encounters. Such 
conditions. Such an early roadway-condition warning Sys 
tem includes a plurality of roadway sensors 80 that are 
Selectively positioned along the roadway 26, e.g., at the 
same locations where the charging pads 24 (also referred to 
as the roadway power transmission modules) are located. 
Typically, such roadway sensors will be located at least 300 
m apart, and may be much farther apart, e.g., 1 to 5 km. The 
roadway sensors 80 detect the condition of the surface of the 
roadway 26, and other environmental parameters of interest. 
Typically, the sensors 80 sense at least whether there is any 
moisture or ice on the roadway Surface, and may also Sense 
the temperature of the roadway Surface. 

0131 Each roadway sensor 80 is connected to an appro 
priate Sensor driver circuit 122 that provides the Sensor with 
whatever electrical Signals it needs to perform its Sensing 
function. For a moisture/temperature detector, Such signals 
typically include just a current pulse of a few ma. The Sensor 
driver circuit 122, after determining the measured param 
eter, encodes this information to create a Sensor Signal, or 
Sensor word. The Sensor word, in addition to the measure 
ment of the moisture/temperature, also includes an identi 
fication number to identify the particular sensor 80 from 
which the Sensor Signal originated. Alternatively, the Sensor 
Signal may be transmitted in a time-division multiplex 
Scheme that uniquely identifies the Sensor from which it 
originated. The Sensor word is provided to a transceiver 
(xcvr) circuit 122. The roadway sensor 80 and correspond 
ing Sensor drive circuit 122 are of conventional design. 

0132) The transceiver circuit 124, for this application, 
functions as a transmitter and provides the Sensor word to a 
power modulator/demodulator circuit 126. The power 
modulator/demodulator circuit 126 is coupled to the main 
power line 130 that provides the primary power to the power 
conditioners 28 and to the output of the power conditioner 
(PC) 28 that provides the 1-phase, 3000 Hz (nominal), signal 
to the charging pad 24. The information Signal is Superim 
posed with the power Signal on the power line, or is 
otherwise merged with the power Signal, So that the power 
line conductor passes both the information signal and the 
power Signal. The manner of Superimposing an information 
Signal on a power Signal, or modulating a power Signal with 
an information signal, is known in the art. (See e.g., the 
Security System art, where the ac power lines of a protected 
Structure are also used to interconnect individual Sensors 
with a central monitoring device.) 
0133. The main power line 130 thus functions as the 
medium, or communications channel, through which Sensor 
Signals may be transmitted from one power modulator/ 
demodulator 126 to another. Each power modulator/de 
modulator 126 further couples the signals stripped off of the 
main power line to the respective charging pads So that Such 
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signals may be coupled into each RPEV as it travels over the 
respective pad 24. Moreover, as seen in FIG. 10, an addi 
tional power modulator/demodulator circuit 132, and a 
corresponding transceiver circuit 134, couple the Sensor 
Signals, and any other signals that may be on the commu 
nications channel (the main power line 130) to a commu 
nications control and monitoring Station 136 (or communi 
cations center). The communications center 136 thus 
functions as a communications center for the RPEV system. 
0134) The RPEV 12, upon being charged with a power 
Signal through the charging pad, also receives the Sensor 
Signals from the various Sensors along the roadway 26. Once 
received, the Sensor Signals are processed (using the onboard 
processor 56) and acted upon. Typically, the information 
contained within a Sensor Signal is at least displayed, e.g., 
“Sensor No. XX, located at point yy on the roadway, reports 
ice and/or moisture,” and may also be factored into any 
automatic controls that may come into play when that 
portion of the highway is reached. 
0.135 An additional type of communications channel that 
may be used with the present embodiment is as described 
above, but further uses an existing or dedicated communi 
cations line 138 to tie the various transceiver circuits 124 
together and to the communications control and monitoring 
station 136. Existing communications lines 138 that may be 
used as the line 138 include land-based telephone lines, 
cellular telephone channels, cable TV lines, and the like. 
Also for many applications of the RPEV system, where a 
relatively small area is serviced by the RPEVs, a dedicated 
coaX communications line, installed between each power 
transceiver unit 124, would be economically viable to serve 
the function of the communications line 138. 

0136. Still referring to FIG. 10, a further type of com 
munications channel may be established by embedding into 
the roadway 26 a wire loop 140 that effectively serves as an 
antenna to couple signals to the RPEV 12 at all locations 
along the roadway where the charging pads 24 are not 
located, e.g., at all non-electrified roadway Sections. (At 
electrified locations, signals may be coupled to the RPEV 
through the charging pads, as described above.) Such loops 
140 may be coupled to the same input power lines that 
charge the respective charging pads. In those locations 
where there is not a charging pad, e.g., where the wire loop 
is Some distance from a charging pad, a separate transceiver 
124" may be connected directly to the wire loop 140. Such 
transceiver 124' is then coupled to a power modulator/ 
demodulator circuit 126' (when used), or to the communi 
cations line 138. 

0.137 In operation, the availability of the wire loop 140 
allows continuous communications to be had with the RPEV 
regardless of where it may be located along the network of 
roadways and highways. Hence, telephone, Video and other 
signals may be readily accessible within the RPEV as it 
travels along a route having the wire loop 140. 
0138. The wire loop 140 may be installed or embedded 
within the roadway 26 without great expense. In most 
instances, all that is required is to grind, cut, or etch a Small 
groove or channel in the roadway Surface, lay down a 
Suitable conductor within the groove or Surface, and cover or 
Seal the groove or channel with tar, pavement, or other 
Suitable filler. 

0.139. As a further type of communications channel, the 
RPEV 12 may also carry onboard a conventional rf trans 



US 2005/0178632 A1 

ceiver 142 (which may serve as the transceiver 59 in FIG. 
2) that, through a Suitable antenna 144, is in telecommuni 
cative contact with the communications control and moni 
toring station 136, which also has an antenna 146. Such rf 
telecommunications channels are well known and used in 
the art, but potentially Suffer from degraded reception and 
transmission in areas where there are mountains, buildings, 
or other structures or obstacles that interfere with the rif 
channel. 

0140. Other types of communications channels and trans 
portation features that may be used with the RPEV system 
of the present embodiment are as described, e.g., in “Trans 
portation", IEEE Spectrum, pp. 68-71 (January 1993), incor 
porated herein by reference. 

0141 Regardless of the type of communications channel 
that is employed, it is important to note that Such commu 
nications channel, or channels, may be used to both Send and 
receive information to and from the RPEV. Thus, for 
example, a particular RPEV may periodically Send an iden 
tification signal that identifies that RPEV, and the location 
whereat the Signal is received along the communications 
channel thus provides a way for the communications center 
136 to “track” the RPEV. In addition, the RPEV may send 
the location Signal that indicates the exact location of the 
RPEV, as described above, further refining “tracking capa 
bilities of the communications center 136. Such “tracking” 
capability is of Significant benefit for fleet management 
purposes, and in particular for automated Scheduling and 
dispatch of public transportation RPEVs, as described 
below in reference to FIG. 13. Further, with the ability to 
send signals to and receive signals from the RPEV, it is 
possible to completely control its operation from the com 
munications center 136, thereby obviating the need to have 
a driver onboard the RPEV where the RPEVs are used, e.g., 
as a public transit type of System, or as a cargo delivery 
System. 

0142 Referring to FIG. 11, a functional block diagram is 
shown of one manner in which the communications channel 
interface with the RPEV 12 may be realized. Many of the 
elements shown in FIG. 11 are the same as those of FIG. 2, 
although many of the elements of FIG. 2 have been omitted 
from FIG. 11 for clarity. In FIG. 11, the embedded coil 40 
and the onboard coil 42 are shown, as has been previously 
described. The embedded coil 40 inductively couples the 
1-phase power Signal to the onboard coil 42. Such power 
Signal may be modulated with the information Signal that is 
to be transferred to the RPEV 12. Thus, when the power 
signal is received within the RPEV, the information signal is 
demodulated (stripped away from the power signal) using an 
onboard modulator/demodulator circuit 150, and then pro 
cessed as needed (e.g., converted to an appropriate form) by 
a receiver circuit 152, and presented to the microprocessor 
controller 56. In some embodiments, by way of example, the 
information signal may include a command Signal that is 
used to control the electronic actuators responsible for 
Steering and braking. Thus, as described above, an informa 
tion signal may be sent to the RPEV. 

0143. When an information signal is to be received from 
the RPEV, i.e., transmitted by the RPEV, such signal origi 
nates in the microprocessor controller 56 and is presented to 
an appropriate onboard transmitter circuit 154, which may 
be of conventional design, that converts the Signal to an 

Aug. 18, 2005 

appropriate form for transmission. The Signal is then pre 
sented to the onboard modulator/demodulator circuit 150, 
where it is modulated in an appropriate manner and pre 
sented to a transmit coil 43. The transmit coil 43 inductively 
couples the Signal to a receive coil 41, which then presents 
the Signal to communications receiver 124. The communi 
cations receiver 124 then couples the Signal directly to the 
communications line 138, or to the power modulator/de 
modulator 126, which couples it to the main power line 130. 
0144) While a separate embedded coil 40 and receive coil 
41 are shown in FIG. 11 to perform the sending and 
receiving functions, respectively, at the embedded location, 
and a corresponding Separate transmit coil 43 and onboard 
coil 44 are shown that perform the sending coils 40, 41 may 
be the same coil, as may the coils 43, 44. 
014.5 FIG. 12 illustrates one manner in which the sensor 
signals, obtained from all the various roadway sensors 80 
that may be located along the length of the roadway 26, and 
other signals transmitted to and from the RPEV over the 
communications channel, are multiplexed So that the Signals 
are not confused and intermingled with each other. For 
example, with respect to the roadway Sensor Signals, it is 
important that a given RPEV be able to determine which 
Sensor Signal originated with which Sensor (and hence from 
which roadway location the Sensor Signal originates). The 
multiplex scheme depicted in FIG. 12 is that of a time 
division multiplex Scheme. In accordance with Such Scheme, 
all that is required to perform the multiplexing function is to 
assign a specific time when a certain identified signal is to 
be sent or received. Such time division is easily accom 
plished simply by counting cycles of the power Signal. AS 
seen in FIG. 12, a synchronization pulse 160 is generated by 
the utility company, or otherwise Superimposed on the main 
power Signal, every Second. Hence, for a power Signal that 
operates at a frequency of 60 Hz, there are exactly 60 cycles 
of the ac power Signal between Sync pulses, each cycle 
having a duration of 16.7 mSec. Each of these cycles is 
assigned a certain function depending upon its location 
relative to the sync pulse 160. Thus, for example, the odd 
cycles following the Sync pulse, i.e., the 1st, 3d, 5th, 7th, . 
... cycles are assigned for transmission; and the even cycles 
following the Sync pulse, i.e., the 2nd, 4th, 6th, 8th, . . . 
cycles are assigned for receiving. The first 12 cycles may be 
reserved for general communications functions in this man 
ner. The remaining 48 cycles may be assigned to 48 respec 
tive Sensors, with a first sensor (at a first known location on 
the roadway) inserting (Superimposing) its sensor signal on 
the power Signal during the 13th power cycle, a Second 
Sensor (at a Second known location on the roadway) insert 
ing its Sensor Signal on the power Signal during the 14th 
power cycle, and So on. If there are more than 48 Sensors to 
be monitored, then the multiplexing capacity may be 
increased by either increasing the duration between the Sync 
pulses, e.g., to 2 Sec., and/or counting half cycles of the 
power Signal instead of full cycles. 
0146 Referring to FIG. 13, a schematic diagram is 
shown of a differential global positioning system (dGPS) 
used in combination with an automated guidance System and 
a scheduling and dispatch computer to automate the RPEV 
system. The RPEV 12 (FIG. 1) is shown at two locations 
around a public transit route 250. Each of the RPEV's 
receives Signals from each of at least three earth orbit 
satellites 252, 254, 256, and from a differential ground 
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transmitter 258. Using known processing techniques, first, 
second and third position signals 260, 262, 264 received by 
the RPEVs from each of the satellites 252, 254, 256, 
respectively, are processed within the dGPS receiver 59 
(FIG. 2) in order to determine the approximate location of 
the respective RPEV's. A differential position signal 266 is 
also processed by the dGPS receiver 59 using known 
techniques to precisely, i.e., within Several centimeters, 
determine the location of the RPEV 12. As a protection 
against momentary loSS of any of the position signals 260, 
262, 264, 266, a dead reckoning System is also part of the 
dGPS receiver. The dead reckoning System operates in 
accordance with well known inertial positing technology, 
and therefore further explanation of the dead reckoning 
System is not made herein. In response to this precise 
determination of the RPEV's position (based on differential 
GPS in combination with inertial position determination), 
the location signal is generated by the dGPS receiver 59, and 
is passed to the microprocessor 56 (FIG. 2). 
0147 The location signal, in some embodiments, is used 
by the microprocessor 56 to determine a course error, which 
represents the difference in location of the RPEV as com 
pared to a desired position. The desired position is time 
indexed and Stored in the memory associated with the 
microprocessor, Such that the microprocessor is able to 
determine a desired position of the RPEV based on the time 
of day. Once, the course error is determined, the micropro 
ceSSor determines appropriate course and Speed corrections 
and controls the electric drive 36 (FIG. 1) and/or the 
electronic actuators 38a (FIG. 1) to carry out such course 
and Speed corrections. A human operator is also preferably 
on board to make course corrections in the event for Some 
reason it becomes necessary to deviate from the desired 
position (Such as might occur when pedestrians step in from 
of the RPEV). 
0.148. In order to generate the time-indexed desired posi 
tions, the RPEV is manually driven over the route 250 while 
in a learn mode. In the learn mode, the location Signal 
generated by the dGPS receiver is recorded in the memory, 
providing a record of a desired course and Speed. In this way 
a desired course and speed for the RPEV can easily be 
established without the need for programming or other 
complex Setup operations. 

014.9 The location signal, in addition to possibly being 
used by the microprocessor to determine course and Speed 
corrections can be transmitted by the transceiver (FIG. 2) to 
a transceiver 268 coupled to a Scheduling and dispatch 
computer 270. The scheduling and dispatch computer 270 is 
coupled to a plurality of “ATM-like' terminals 272, which 
display the locations and estimated arrival times of the 
RPEVs at various passenger loading/unloading areas 274 at 
which the “ATM-like' terminals 272 are installed. 

0150. One or more of the “ATM-like” terminals 272 may 
be installed at a passenger loading/unloading area 274 to 
which the RPEVs are not normally scheduled. When a 
passenger desires to be picked up at Such a passenger 
loading/unloading area 274, they indicate this desire to the 
scheduling and dispatch computer 270 via the “ATM-like” 
terminal 272. Upon receiving this indication, the Scheduling 
and dispatch computer determines which of the RPEV's to 
Send to pick up the passenger, and redirectS Such RPEV to 
the passenger. In this way, an RPEV can be summoned to the 
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passenger loading/unloading area 274 not normally Ser 
Viced, and the Scheduling and dispatch computer 270 can 
dispatch an RPEV to respond to the summon. The dispatch 
ing of the RPEV is effected by the scheduling and dispatch 
computer 270 transmitting a rerouting signal to the RPEV to 
be dispatched to pick up the passenger. 

0151. In a slight variation of this feature, the “ATM-like” 
terminals 272 can be used to Summon free-roaming taxi or 
limousine-like RPEVs. The taxi or limousine RPEVs do 
not operate on a route per se, but are operated on a 
point-to-point basis. While automated navigation is pos 
sible, just as with the public transit-type RPEV's described 
above, the passenger loading/unloading area 274 at which 
the passenger is picked up and the passenger loading/ 
unloading area 274 at which the passenger is dropped off are 
determined by the passenger, as opposed to a prescribed 
route. In addition, the taxi or limousine-type RPEV, gener 
ally, will not make a stop to pick up other passengers until 
it has delivered its passenger to their destination passenger 
loading/unloading area 274. 
0152. In accordance with another feature of the present 
embodiment, when passenger load is unusually high, pas 
Sengers can indicate that they were not accommodated by 
the last RPEV to Stop at a particular passenger loading/ 
unloading area by pressing one or more buttons on the 
“ATM-like” terminal (or via other input means, such as a 
touch screen). As the number of passengers not accommo 
dated increases, the Scheduling and dispatch computer 270 
can alter the RPEVs Schedules and increase the number of 
RPEV's servicing the route 250. These schedule alterations 
are displayed on all of the “ATM-like' terminals so that 
passengers continue to know when they can expect the next 
RPEV at their particular passenger loading/unloading area. 
0153. As in the RPEV system of FIG. 4, as the RPEV's 
execute the route 250, either automatically or under the 
control of a driver, they may move over one or more 
embedded coils 24 embedded along the route 250, and/or 
one or more embedded coils 24 located in passenger load 
ing/unloading areas. These embedded coils 24 provide 
power to the energy storage devices within the RPEVs as 
explained hereinabove. The embedded coils 24 are coupled 
to the power conditioners 28, which are coupled to utility 
power, as described above. 
0154) In this way, RPEVs are able to automatically guide 
themselves over a prescribed route, while having their 
energy Storage devices recharged at various points along the 
route. In addition, the dispatch of RPEV's to not normally 
Scheduled passenger loading/unloading areas, and automatic 
modification of the RPEVs' schedule is performed based on 
passenger load. Advantageously, modifications to the 
RPEVs' schedules are displayed using the “ATM-like” 
terminals, So that waiting passengers always know when 
they can expect the next RPEV at their passenger loading/ 
unloading area. 
O155 Referring next to FIG. 14, the concept of electroni 
cally linking a plurality of RPEV's together in order to form 
a "train' of Such vehicles is illustrated. Advantageously, the 
RPEV may be totally controlled electronically, as a robot, 
because its controls are all amenable to Simple commands, 
e.g., drive forward at a certain Speed, Steer left or right, 
brake, etc. Nonetheless, because the RPEV is constantly in 
traffic, and not all circumstances can be foreseen, it is 
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usually desirable to have a real perSon onboard that can 
operate the vehicle, even though Such perSon may, on 
occasion, place the vehicle in an “auto pilot' mode. Hence, 
by electronically linking more than one RPEV together, a 
lead RPEV, termed the “master', on which a live person 
operator is located, may generate the electronic signals that 
are used to control one or more following RPEVs, termed 
the “slave’. 

0156 The master/slave RPEV system is depicted in FIG. 
14. In the bottom portion of FIG. 14, a master RPEV 172 
leads two slave RPEV's 174 and 176. The coupling of the 
electronic control signals from the master 172 to the slaves 
174 and 176 is by way of a flexible, coiled cable 178 that 
simply plugs into both RPEV's. Such cable bears no 
mechanical tension as each RPEV has its own source of 
power, and is independently charged through the network of 
charging pads 24. 
O157 As shown in the top portion of FIG. 14, a master 
RPEV 180 leads a slave RPEV 182 with the electronic 
coupling being provided by a flexible, coiled cable 178, as 
previously described, and/or with an riflink, represented in 
the figure by the antennas 184 and wavy arrow 186. The rf 
link is used to provide an alternative or a redundant link 
(when used redundantly used to provide added Safety) 
through which the proper command Signals may be received 
by the Slave vehicle. AS an alternative, or in addition to the 
rf link, an infrared communications channel may also be 
provided. When an infrared communications link is used, 
each of the RPEVs are fitted with an IR transmitter and each 
with an IR receiver. The IR transmitter on the “master' is 
used to communicate the command Signals to the IR receiver 
on the “slave' and the IR transmitter on the “slave' is used 
to communicate feedback Signals to the IR receiver or the 
“master. 

0158. The location signals generated by the dGPS receiv 
ers aboard the RPEVs are used as a backup to the cable, rf 
and/or ir links between the “master” and the “slaves” to 
assure than the “slaves' maintain proper positions relative to 
the “master.” As the “slaves' deviate from proper positions 
behind the “master, course and Speed corrections are auto 
matically computed and executed by the “slaves.” 
0159 Turning next to FIG. 15, a further enhancement of 
the RPEV system of the present embodiment is schemati 
cally depicted. In FIG. 15, the charging pad 24 is located at 
a curbside designed for a passenger loading/unloading Zone, 
and with the charging pad 24. The charging pad 24 is 
powered from a power conditioner 28 as previously 
described. Also powered by the power conditioner 28 are 
heating coil pads 188. The heating coil pads 188 are embed 
ded in the Sidewalk, or other Surface material, that Surrounds 
the passenger loading/unloading Zone. The purpose of the 
heating coil pads 188 is simply to melt any ice or Snow that 
might otherwise accumulate at the loading/unloading Zone, 
thereby providing a further convenience and measure of 
Safety for the passengers, and any ice or Snow that might 
otherwise accumulate on the charging pad 20, thus present 
ing the reduction of the air gap to Zero. The heating coils 188 
are not heavy consumers of electrical power, but operate 
using only about 200-400 W each. Thermostatic control of 
the heater coils may be used to maintain the Surface tem 
perature around the coils to within a desirable range. 
0160 A further important feature achievable with the 
RPEV system of the present embodiment is the ergonomic 

Aug. 18, 2005 

design of the passenger compartment of a multiple occu 
pancy vehicle (MOV) that includes the RPEV features 
previously described. An MOV 13 is shown, partially cut 
away, in FIG. 16. The MOV 13 is a unique, low-floor 
automobile-sized vehicle. That which is shown in FIG. 16 
is for an all-seated version for 15-17 passengers, plus an 
operator. The plan view of one Seating arrangement for Such 
MOV is shown in FIG. 17 and a plan view of another 
Seating arrangement is shown in FIG. 18. A Standing version 
of the MOV may also be used. The MOV is adapted for 
traveling on the electrified roadway described herein. It is 
charged at StopS using a demand responsive charging mode, 
also as previously described. It is an all electric Vehicle, and 
utilizes electronic guidance at pullouts to assure good align 
ment between the coupling coils. It may be coupled elec 
tronically with other vehicles, as described in connection 
with FIG. 14 above. 

0161 The MOV 13 has a door system that allows easy 
ingreSS and egreSS with Sufficient head room to avoid bump 
ing one's head. For example, as seen in FIG. 16, the door 
System includes two components, a sliding door 190 and an 
upper door 192. When open, the sliding door exposes two 
entries 194 and 196, and the upper door 192 raises to provide 
increased head room. The entry 194 allows passengers 
access to a front curved row of six seats 198, seen best in the 
plan view of the MOV in FIG. 17 or in FIG. 18 The entry 
196 allows passengers access to a Second curved row of five 
seats 200, and a rear L-shaped bench 202 (FIG. 17). The rear 
bench 202 of the embodiment in FIG. 17 can seat 4-6 adults 
comfortably. 
0162 An important aspect of the MOV 13 shown in 
FIGS. 16, 17 and 18 is a low floor, which facilitates 
“elevator-like” platform loading (no Stepping down or step 
ping up is required). Platform loading is a big advantage to 
the handicapped, and makes loading/unloading easier for 
everyone. 

0163 AS described above, it is thus seen that the present 
embodiment provides an efficient, viable, Safe, roadway 
powered all electric Vehicle that uses, with only minor 
modification, the existing network of highways, roadways, 
and/or garaging/parking facilitates that are already in place 
to service ICE vehicles. 

0164. Further, it is seen that the RPEV system disclosed 
provides a Zero-emission electric Vehicle System wherein the 
RPEV's of the system may be recharged while such RPEV's 
are in operation within the system. Hence, the RPEV's need 
not be taken out of service from the system in order to be 
recharged, as is common with prior art battery-Storage type 
EVS. 

0.165 Moreover, as seen from the above description, 
numerous additional features may be used to enhance the 
RPEV system, such as the inclusion of: (1) an onboard 
power meter; (2) a wide bandwidth communications channel 
to allow information signals to be sent to, and received from, 
the RPEV while it is in use; (3) automated garaging that 
couples power to the RPEV for both replenishing the 
onboard energy Source and to bring the interior climate of 
the vehicle to a comfortable level before the driver and/or 
passengers get in; (4) electronic coupling between “master” 
and "salve' RPEVs in order to increase passenger capacity; 
(5) inductive heating coils at a passenger loading/unloading 
Zone in order to increase passenger Safety; and (6) an 
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ergonomically designed passenger compartment in which 
passengers may travel Safely and comfortably. 

0166 While the invention herein disclosed has been 
described by means of Specific embodiments and applica 
tions thereof, numerous modifications and variations could 
be made thereto by those skilled in the art without departing 
from the scope of the invention set forth in the claims. 

1-40. (canceled) 
41. A roadway-powered electric vehicle comprising: 
a vehicle frame Supported by front and rear Suspension 

Systems, including front and rear wheels; 
an onboard power receiving module mounted on an 

underneath side of the vehicle frame that receives 
electrical power from a roadway power transmitting 
module, 

an onboard energy Storage means for Storing and deliv 
ering electrical energy; 

an electric drive means coupled to at least one of the front 
or rear Suspension Systems for driving the front and rear 
wheels, and 

an onboard power controller means for receiving electri 
cal power from the on-board power module and direct 
ing it to the energy Storage means, and for Selectively 
delivering electrical energy from the energy Storage 
means to the electric drive means. 

42. The roadway-powered electric vehicle as set forth in 
claim 41 further including modulation means coupled to the 
onboard power receiving module for modulating a commu 
nications signal onto the electrical power. 

43. The roadway-powered electric vehicle as set forth in 
claim 42 wherein the communications signal includes infor 
mation indicative of the location of the roadway-powered 
electric Vehicle. 

43. The roadway-powered electric vehicle as set forth in 
claim 41 wherein the onboard power controller means 
includes means for generating a set of control Signals for 
controlling operation of the roadway-powered electric 
vehicle operated, and coupling means for coupling the Set of 
control Signals to a Second Roadway-powered electric 
vehicle. 

44. The roadway-powered electric vehicle as set forth in 
claim 43 wherein the Second roadway-powered electric 
vehicle includes means for electronically responding to the 
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Set of control Signals So that the Second roadway-powered 
electric Vehicle is operated as controlled by the Set of control 
Signals, whereby the Second Roadway-powered electric 
vehicle follows the Roadway-powered electric vehicle. 

45. The roadway-powered electric vehicle as set forth in 
claim 43 wherein the Second roadway-powered electric 
vehicle includes: a regenerative braking System including a 
Second electric drive System for electromagnetically produc 
ing a mechanical resistance and generating electrical power 
when braking is applied in response to the Set of control 
Signals. 

46. The roadway-powered electric vehicle as set forth in 
claim 43 wherein the Second roadway-powered electric 
vehicle includes a frictional braking System for frictionally 
producing a mechanical resistance, the frictional braking 
System including an electronic actuator responsive to the Set 
of control signals. 

47. The roadway-powered electric vehicle as set forth in 
claim 43 wherein the Second roadway-powered electric 
vehicle includes a Steering System for Steering wheels of the 
Second roadway-powered electric Vehicle including an elec 
tronic actuator for turning the wheels of the Second road 
way-powered electric Vehicle in response to the Set of 
control Signals. 

48. The roadway-powered electric vehicle as set forth in 
claim 43 wherein coupling means comprises a flexible cable 
connected between the roadway-powered electric Vehicle 
and the Second roadway-powered electric Vehicle through 
which the set of control signals may be transferred from the 
roadway-powered electric vehicle to the Second roadway 
powered electric Vehicle. 

49. The roadway-powered electric vehicle as set forth in 
claim 43 wherein the coupling means includes a transmitter 
carried onboard the roadway-powered electric Vehicle 
through which the Set of control Signals may be transmitted, 
and a receiver carried onboard the Second roadway-powered 
electric Vehicle through which the Set of control signals 
transmitted from the transmitter may be received. 

50. The roadway-powered electric vehicle as set forth in 
claim 43 wherein the coupling means includes a transmitter 
carried onboard the roadway-powered electric Vehicle 
through which the Set of control Signals may be transmitted, 
and a receiver carried onboard the Second roadway-powered 
electric Vehicle through which the Set of control signals 
transmitted from the transmitter may be received. 
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