
HYBRID ELECTRIC VEHICLE 111This application claims the benefit of and priority
to provisional patent application serial no. 61769092 filed February 25, 2013.
[2] FIELD OF THE INVENTION [3] The invention is in the field of hybrid
electric vehicles. [4] BACKGROUND OF THE INVENTION  [5] Hybrid electric
vehicle technology improves the efficiency of all types of vehicles. Wheel
loaders, front end loaders, excavators, combines, sprayers and utility
vehicles of all types require improved environmental and financial efficiency.
[6] SUMMARY OF THE INVENTION  [7] The wheel loader is a series electric hybrid
employing four AC non self-excited switched reluctance fraction
motors/generators which propel the vehicle and which regenerate power from the
kinetic and potential energy of the wheel loader. Alternatively, just one
traction motor/generator can be used and it does not necessarily have to be a
switched reluctance traction motor/generator. Further, the wheel loader
includes a non self-excited switched reluctance generator/motor which provides
primary power to the wheel loader for operation of the wheel loader. An
ultracapacitor bank is used to store regenerative energy since the amounts of
energy involved are modest but the number of cycles is very high (4 to 8
cycles per minute.)  [8] Switched reluctance (SR) technology is preferably
used for the AC traction motors because of their wide constant power range,
benign failure modes, low cost, robustness, and design flexibility. For the
same reasons, it is desirable to preferably employ switched reluctance (SR)
technology for the generator/motor which supplies primary power to the
machine. However, unlike 1PM generators, SR (switched reluctance) generators
are not self-exciting. This is desirable as a fault tolerance feature but must
be addressed for the system to function properly. Some initial amount of
electrical power must be supplied to initiate power generation in the switched
reluctance generator or the system will not operate/generate. Tf a system
contains a high-voltage battery pack it could be used to provide the
excitation energy necessary for the switched reluctance generator. However, in
the case of ultracapacitors 



there are conditions where sufficient energy will not be available, for
example, at initial installation, and after service or after periods of long
shutdown.  [9] Regardless of the generator technology used, it would be
desirable to make use of the generator to start the internal combustion
engine. This simplifies the system by eliminating the starter and related
solenoids and wiring. It also makes start-stop operation practical since the
typical DC brush-type starter motor, solenoid and ring gear are not designed
for the large number of cycles needed for start-stop operation. The switched
reluctance generator/motor is a large machine relative to a conventional
starter and can provide higher cranking torques and speeds. Full-time coupling
is also desirable since there is no need to manage pinion-ring gear
engagement.  [10] The ultracapacitor bank can be used to provide the energy
for engine starting. However, there are times, for example upon initial
installation, when the ultracapacitor bank may be discharged. Tt is not
practical to directly "jump start" the ultracapacitor bank since very high
voltage is necessary (>500 Volts).  [11] The solution (for SR excitation and
for cranking) is to provide a moderately low power (e.g. 5kW) DC-DC converter
to transfer energy from the vehicle 12 or 24-volt batteries to the
ultracapacitor bank. If the 12 or 24-volt batteries arc discharged, "jump
starting" can be applied at the 12 or 24-volt system. Another advantage of
this approach is that relatively low levels of power over a longer period of
time can be used to handle the energy transfer. So in cases where a weak
battery cannot provide sufficient power to crank the engine, it can provide
enough power to charge the ultracapacitor bank to a level that will easily
crank the engine. This approach also provides the mechanism for pre-charging
both the ultracapacitor bank and the power inverter DC-link capacitor banks
without need for the typical arrangement of contactors and current limiting
pre-charge resistors.  [12] Since one or two minutes may be required to charge
the ultracapacitor bank at the cited low power level this method for starting
the vehicle is not preferable and should only be used under adverse
circumstances. The solution is to assure that, under normal circumstances, the
ultracapacitor bank is fully charged prior to shut down. A fully charged
capacitor bank will generally retain sufficient charge for starting for
several weeks.  [13] For a conventional vehicle, the 24-volt battery is kept
charged by an alternator. Alternators are relatively inexpensive but are
inefficient and have poor reliability. The need for an alternator can be
eliminated by making the DC-DC converter bi-directional so that energy is
transferred from the DC Link to the 24-volt system to maintain its state of
charge. This helps justify the use of the DC-DC converter which will spend the
majority of its life charging the 24-volt system and only upon rare occasions
transferring energy to charge the ultracapacitor bank.  [14] The invention
includes an energy balancing process for off-highway applications. The
invention maintains the total hybrid system energy constant at a level equal
to the maximum energy storage capacity of the ultracapacitor bank. For
example, the total system energy equals the actual ultracapacitor energy plus
the recoverable kinetic energy in the vehicle plus recoverable accessory
energy.  [15] With the internal combustion engine and the non self-excited
switched reluctance motor/generator operating in the generator mode, then: if
the kinetic energy in the vehicle is low (vehicle not moving) and the
potential energy in the hydraulic system is low (bucket down), then the
ultracapacitor bank should be charged to the maximum; and, if there is
recoverable energy in the vehicle the state of charge in the ultracapacitor
bank should be depleted to the extent necessary that this energy can be
recovered in the future. In other words, the actual ultracapacitor energy due
to the primary energy source, generator, equals the ultracapacitor energy
maximum capacity minus the vehicle kinetic energy minus recoverable hydraulic
energy (accessory energy). 



[16] Recoverable vehicle kinetic energy = -in V - rolling resistance loss. \ 2
[17] Recoverable hydraulic energy = ingH where, m is the bucket mass, g is the
acceleration of gravity, and H is the bucket height.  [18] Using this
strategy, the actual energy level maintained in the uhracapacitor bank will be
related to the negative of the vehicle speed squared. When the internal
combustion engine is not miming, and with the vehicle not moving, the DC-DC
converter maintains the ultracapacitor bank state of charge at a level that
will assure that the engine can be started when necessary.  [19] The energy
level required in the ultracapacitor bank for starting the engine is inferred
based on the engine coolant temperature, ranging from approximately 14kJ for a
warm engine to 200kJ for a cold engine. The available energy in the two type
31(95AHr) 24 VDC batteries is approximately 7MJ. An ultracapacitor bank using
1200 Farad capacitors at 800 VDC stores about 1.3 MJ of energy which is more
than sufficient to start a cold internal combusfion engine. Only about 700 kJ
of the stored 1.3MJ can be used as the voltage on the common high voltage DC
bus drops below 500 VDC after 700 kJ is used. 500 VDC is approximately the
lowest voltage at which the inverters arc operable.  [20] A hybrid electric
vehicle includes a high voltage DC bus and an internal combustion engine. The
internal combustion engine is mechanically coupled to a non self-excited
generator /motor which is preferably a switched reluctance machine. A power
inverter electrically and bidirectionally couples the high voltage DC bus to
the non self-excited switched reluctance generator/motor. Front and rear axle
dual DC-AC inverters electrically and bidirectionally couple two traction AC
non self-excited switched reluctance generators/motors/gear reducers to the
high voltage DC bus for moving the vehicle and for regenerating power. An
ultracapacitor is coupled to the high voltage DC bus. As used herein the term
ultracapacitor and ultracapacitor bank mean the same thing and the terms are
interchangeable. A bidirectional DC-DC converter interposed between a low
voltage battery and the high voltage DC bus transfers energy to the high
voltage DC bus and ultracapacitor to ensure that the non self-excited switched
reluctance generator/motor operating in the motor mode is able to start the
internal combustion engine.  [21] A series-electric hybrid vehicle includes a
non self-excited generator/motor for providing power to the vehicle for
propulsion and operation thereof and a high voltage DC bus. Preferably the non
self-excited generator/motor is a switched reluctance generator/motor operable
in either the generator or the motor mode. A plurality of wheels propel the
vehicle. One or more non self-excited AC traction motors/generators propel the
vehicle. One or more compact dual inverters convey power bi-directionally
between the high voltage DC bus and the one or more non self-excited AC
traction motors/generators which are affixed, respectively, to one or more of
the plurality of wheels. The compact dual inverters associated with the non
self-excited AC traction motors/generators are configured to operate in a
generator mode or in a motor mode. The non self-excited AC traction
motors/generators are configured in combination with the wheels to provide
propulsion and regenerative braking. Preferably the non self-excited AC
traction motors generators/motors are switched reluctance generators/motors
operable in either the generator or the motor mode. An internal combustion
engine is coupled to the non self-excited generator/motor for providing power
to the vehicle for propulsion and operation thereof. The non self-exciting
generator/motor is coupled to a power inverter. The power inverter supplies
power bidirectionally to and from the high voltage DC bus. The inverter also
supplies power to the high voltage DC bus when the non self-excited
generator/motor operates in the generator mode, and, the inverter supplies
power to the non self-excited generator/motor when the non self-excited
generator/motor operates in the motor mode. An ultracapacitor bank is
electrically coupled to the high voltage DC bus. The ultracapacitor bank
stores regenerative energy from the non self-excited AC traction motors when
operating in the motor mode, and, the ultracapacitor bank supplies energy to
the inverter coupled to the non self-excited generator/motor operating in the
motor mode for starting the engine. The series electric hybrid vehicle also
includes a conventional low voltage system with at least one 12 or 24 volt DC
battery. A bidirectional DC-DC converter is used to convey power between the
12 or 24 volt DC battery and the ultracapacitor bank for purposes of
pre-charging the ultracapacitor bank to start the internal combustion engine
and to maintain the state of charge of the 12 or 24 volt battery after the
engine is started. Optionally, the series-electric hybrid vehicle includes a
resistor bank wherein the resistor bank dissipates excess regenerative energy
from the non self-excited AC traction generators/motors operating in the
generator mode. Still further, optionally, the series-elecfric hybrid vehicle
includes a non self-excited generator/motor operating in the generator mode to
dissipate excess kinetic energy from the vehicle by back driving the internal
combustion engine while operating an engine compression brake. Tn the
series-electric hybrid vehicle the non self-exciting generator/motor is the
primary source of electrical energy for the vehicle.  [22] Another example of
the invention includes a hybrid electric vehicle comprising a high voltage DC
bus and an internal combustion engine. Preferably the non self-excited
generator/motor is a switched reluctance generator/motor operable in either
the generator or the motor mode. The internal combustion engine drives a non
self-excited generator/motor supplying energy to the high voltage DC bus. A
rear axle compact bidirectional dual DC-AC inverter drives two AC fraction
motors/generators/gear reducers for moving the vehicle and for recapturing
energy from regenerative braking. A front axle compact bidirectional dual
DC-AC inverter drives two AC traction motors/generators/gear reducers for
moving the vehicle and for recapturing energy from regenerafrve braking. An
ultracapacitor is electrically coupled to the high voltage DC bus. A
bidirectional DC-DC converter is interposed between a 12 or 24-volt battery
and the high voltage DC bus. The DC-DC converter transfers energy between the
12 or 24-volt DC battery and the high voltage DC bus and the ultracapacitor. A
non self-excited generator/motor is coupled mechanically to the engine for
starting the internal combustion engine. Preferably the non self-excited
generator/motor is a switched reluctance machine. The ultracapacitor supplies
energy to the inverter coupled to the generator for starting the internal
combustion engine. Optionally, this example of the hybrid electric vehicle
includes a resistor bank and the compact dual bidirectional DC-AC inverters
include rectification means for regenerating energy and storing the energy in
the battery and/or the ultracapacitor.  [23] Another example of the hybrid
electric vehicle includes a high voltage DC bus and an internal combustion
engine. The internal combustion engine is mechanically coupled to a non
self-excited switched reluctance motor/generator. The non self-excited
switched reluctance motor/generator operates as a generator supplying
electrical power in a generator mode. The non self-excited switched reluctance
motor/generator operates as a motor receiving electrical power in a motor
mode. The non self-excited switched reluctance generator/motor is coupled to a
power inverter. The inverter bi-directionally conveys power between the high
voltage DC bus and the non self-excited switched reluctance generator/Motor. A
first front AC traction motor/generator drives a first front wheel and the
first front traction motor/generator is a non self-excited switched reluctance
motor/generator. The first front AC traction motor/generator provides
propulsion and/or regenerative braking. A second front AC traction motor
drives a second front wheel. The second front traction motor/generator is a
non self-excited switched reluctance motor /generator. The second front
traction motor/generator provides propulsion and/or regenerative braking. A
first rear AC traction motor/generator drives a first rear wheel. The first
rear traction motor/generator is a non self-excited switched reluctance
motor/generator. The first rear traction motor/generator provides propulsion
and/or regenerafive braking. A second rear AC traction motor/generator drives
a second rear wheel. The second rear traction motor/generator is a non
self-excited switched reluctance motor/generator. The second rear traction
motor/generator provides propulsion and/or regenerative braking. A first
compact dual inverter and a second compact dual inverter arc included in this
example. The first compact dual inverter is in electrical communication with
the high voltage DC bus. The first compact dual inverter converts DC power
from the high voltage DC bus into AC power for driving the first front AC
tracfion motor/generator and the first front wheel. The first compact dual
inverter converts DC power from the high voltage DC bus into AC power for
driving the second front AC traction motor /generator and the second front
wheel. The second compact dual inverter is in electrical communication with
the high voltage DC bus. The second compact dual inverter converts DC power
from the high voltage DC bus into AC power for driving the first rear AC
traction motor/generator and the first rear wheel. The second compact dual
inverter converts DC power from the high voltage DC bus into AC power for
driving the second rear AC traction motor/generator and the second rear wheel.
An ultracapacitor bank is electrically coupled to the high voltage DC bus. The
ultracapacitor bank stores regenerative energy from the first compact dual
inverter supplied by the first and second front AC traction motors/generators
operating in a regenerative mode. The ultracapacitor bank stores regenerative
energy from the second compact dual inverter supplied by the first and second
rear AC traction 



motors/generators operating in a regenerative mode. The uhracapacitor bank
stores energy from the power inverter coupled to the non self-excited switched
reluctance generator/motor when the non self-excited switched reluctance
generator/motor is operating in the generator mode. The ultracapacitor bank
supplies energy to the power inverter coupled to the non self-excited switched
reluctance generator /Motor when the non self-excited switched reluctance
generator/motor is operating in the motor mode to start the internal
combustion engine. A conventional low voltage system with at least one 12 or
24 volt battery is used in conjunction with a bidirectional DC-DC convener.
The bidirectional DC-DC converter steps the voltage of the battery up and
conveys power between the 12 or 24 volt battery and the ultracapacitor bank to
pre-charge the ultracapacitor bank to start the internal combustion engine.
The bidirectional DC-DC converter steps the voltage of the high voltage DC bus
down to maintain the state of charge of the 12 or 24 volt battery after the
internal combustion engine is started. Optionally, the hybrid electric vehicle
includes a resistor bank. The resistor bank dissipates excess regenerative
energy from the non self-excited AC traction generators/motors operating in
the generator mode. Still further, optionally, the motor/generator operating
in the motor mode is used to dissipate excess kinetic energy from the vehicle
by back driving the engine while operating an engine compression brake. In
this example of a hybrid electric vehicle the switched reluctance non
self-exciting generator/motor electrically coupled to the power inverter is
the primary source of electrical energy for the vehicle.  [24] Another example
of the invention is set forth as a hybrid electric system, comprising: an
intcrnal combustion engine and a non self-exciting AC generator/motor. The non
self-exciting AC generator/motor operates in either a generator mode or a
motor mode. An ultracapacitor bank is connected full time across the high
voltage DC bus. An AC-DC inverter converts the AC power from the non
self-exciting AC generator/motor to DC power for supply to the high voltage DC
bus and the ultracapacitor bank. Means for charging the ultracapacitor bank
from a conventional low-voltage vehicle DC battery to provide initial
excitation energy to the non self-exciting generator/motor operating in the
motor mode arc provided to start the internal combustion engine. The
ultracapacitor bank is charged with sufficient energy from the low voltage
battery such that the non self-excited generator/motor can be used in the
motor modes to start the engine thus replacing the conventional low-voltage
engine starter. The means used to charge the ultracapacitor is a
bi-directional DC-DC converter which maintains the state of charge of the
low-voltage battery thus eliminating the need for a conventional low-voltage
alternator. Further, in this example of the invention, dual compact inverters
arc used. A plurality of non self-excited traction generators/motors each
interconnected with a respective one of a plurality of wheels is provided.
Alternatively, a single non self-excited traction generator/Motor
interconnected with one wheel may be used. Except for bicycles and
motorcycles, single wheel drives aren't too practical. The point of a design
with a single traction motor would be to use a traditional axle with a
differential to provide torque to at least two wheel ends.  [25] The dual
compact inverters arc connected across the ultracapacitor bank. The dual
compact inverters are bidirectional DC-AC inverters and, the dual compact
inverters transfer energy to and from the ultracapacitor bank and to and from
the non self-excited traction generators/motors. Optionally, in this example
of the invention, the non self-excited generator/Motor is operated in the
motor mode to back drive the internal combustion engine and an associated
engine brake in order to dissipate excessive regenerative braking energy. In
this example of the invention, the non self-excited generator/motor is a
switched reluctance machine. Different type of generators/motors may be used
other than the non self- excited generator/motor. Still further in this
example of a hybrid electric system the ultracapacitor bank is driven to a
predetermined maximum state of charge prior to engine shutdown in order to
provide for rapid engine starting without need to rely on pre-charging from
the vehicle low-voltage DC battery under normal operating conditions. Still
further in this example of the hybrid electric system the dual compact
inverters may optionally discharge some of the energy in the ultracapacitor
bank into the windings of the non self-excited traction generators/motors
without motion either by operating at sufficiently low enough power to avoid
motion or by operating the non self-excited traction generators/motors with
opposing torques.  [26] Another example of the invention includes a hybrid
electric vehicle having a controller, a non self-excited generator/motor
mechanically interconnected with the internal combustion engine, a power
inverter, and the non self-excited generator/motor in electrical communication
with the power inverter. The non self-excited generator/Motor is operable in a
generator mode or a motor mode. An ultracapacitor is interconnected with the
high voltage DC bus and the controller controls the power inverter. The
ultracapacitor bank is charged to a usable operating voltage by transferring
energy from a low voltage battery by use of a DC-DC converter. The non
self-excited generator/motor is controlled by the controller and driven in the
motor mode by the power inverter when the ultracapacitor is charged to a
usable voltage to start the internal combustion engine. Further, a plurality
of non self-excited traction generators/motors driven by the first and second
dual compact inverters arc included in the instant example of the invention.
The first and second compact inverters are controlled by the controller. The
power inverter may supply power bidirectionally. Further, the first and second
dual compact inverters may supply power bidirectionally.  [27] The DC-DC
converter is a 4-port device. Two of the lines are connected (full time) in
parallel across the 12/24 volt batteries and the other two lines are connected
(full time) across the high voltage bus. Like an alternator, the DC-DC
converter is a current device. In response to commands from the vehicle
control unit (controller) it takes current from one of the voltage sources and
delivers it to the opposite voltage source. In this example, there are 8
switches. No more than four switches should ever be turned on simultaneously
(or damage will result). In standby mode all of the switches will be off  [28]
The control of the traction motors is strictly in response to the driver
requirements for traction or braking, without regard to system energy or
DC-Link voltage, with the following exceptions: I) The associated inverters
are not capable of operating below some minimum voltage (e.g. 500V) so the
motors will cease operating if this occurs; 2) The ultracapacitor bank and
power inverters will suffer damage if the DC-Link voltage exceeds 900 volts,
so delivery of regenerated energy must be halted at some upper voltage limit.
[29] The hybrid controller will control the generator inverter to provide
current to the DC-Link bus such that: 1) The DC-link voltage stays above the
minimum inverter operaring voltage; 2) The ultracapacitor bank voltage is kept
as high as possible (Short of the 900V limit with a safety margin) provided it
retains sufficient storage capability to recapture any kinetic or potential
energy currently stored in the vehicle. That is because a higher DC-link
voltage results in lower system currents, and thus lower losses; hence better
system efficiency; 3) The ultracapacitor bank is fully charged prior to engine
shutdown so that, even if the uhracapacitors discharge over time, they will
likely retain sufficient energy to restart the engine. 



[30] A method for controlling a hybrid electric vehicle includes setting the
maximum permissible energy content of the ultracapacitor bank and setting the
minimum high voltage DC bus voltage and then determining if there is
sufficient energy in an ultracapacitor bank to start an internal combustion
engine. The method also includes transferring energy using a DC-DC converter
from a low voltage DC battery to the uhracapacitor bank if there is not
sufficient energy in the ultracapacitor bank to start the internal combustion
engine. Further the method includes starting the internal combustion engine
using a non self-excited generator/motor operating in a motor mode to start
the internal combustion engine if there is sufficient energy in the
ultracapacitor bank. Additional steps of the method require calculating
recoverable energy in the hybrid electric vehicle and calculating energy in
the ultracapacitor bank of the hybrid electric vehicle. Once the calculations
are determined, the method requires determining if the calculated recoverable
energy plus the ultracapacitor energy is less than a maximum permissible
energy content of the ultracapacitor bank.  [31] The method further requires
commanding the internal combustion engine to idle and commanding zero power
generation from the non self-excited generator/motor operating in a generator
mode if the calculated recoverable energy plus the ultracapacitor energy is
not less than the maximum permissible energy content of the ultracapacitor
bank and waiting a period of time while the internal combustion engine is
idling with zero power generation from the non self-excited generator/motor
operating in the generator mode and recalculating the calculated recoverable
energy plus the ultracapacitor energy and redetermining if the calculated
recoverable energy plus the ultracapacitor energy is less than a maximum
permissible energy content of the ultracapacitor bank due to consumption of
energy by the hybrid electric vehicle and if the recalculated recoverable
energy plus the ultracapacitor energy is not less than a maximum permissible
energy content of the ultracapacitor bank, then shutting down the internal
combustion engine. Still further the method requires setting the internal
combustion engine speed to the best brake specific fuel consumption speed and
commanding maximum power from the non self-excited generator /Motor operating
in a generator mode if the calculated recoverable energy plus the
ultracapacitor energy is less than the maximum permissible energy content of
the ultracapacitor bank. The method further includes determining if a brake
command is present and sending a negative torque command to the non
self-excited traction motors proportional to the brake command and within
stability limits if the brake command is present. The method further requires
determining if the high voltage DC bus voltage is greater than the high
voltage DC bus minimum voltage if the brake command is not present. [32]Next,
the method requires sending a zero torque command to the non self-excited
traction generators/motors if the high voltage DC bus voltage is not greater
than the high voltage DC bus minimum voltage and monitoring an accelerator
command if the high voltage DC bus is greater than the high voltage DC bus
minimum voltage. Still further, the method requires determining if the vehicle
speed is less than the maximum permissible speed and sending a zero torque
command to the non self-excited traction generators/Motors if vehicle speed is
not less than the maximum permissible speed and sending a positive torque
command proportional to the accelerator signal within stability limits to the
non self-excited traction generators/motor if the shift selector is in forward
gear. Next, the method requires sending a negative torque command proportional
to the accelerator signal within stability limits to the non self-excited
traction generators/motors if the shift selector is not in forward gear. Still
further, the method prefers that the non self-excited traction
generators/motors are switched reluctance machines. Still further, the method
requires controlling a hybrid electric vehicle wherein the non self-excited
generator/Motor which starts the internal combustion engine is preferably a
switched reluctance machine. Optionally, the method for controlling the hybrid
electric vehicle includes wherein the step of commanding the internal
combustion engine to idle and commanding zero power generation from the non
self-excited generator/motor operating in a generator mode if the calculated
recoverable energy plus the ultracapacitor energy is not less than the maximum
permissible energy content of the ultracapacitor bank and waiting a period of
time while the internal combustion engine is idling with zero power generation
from the non self-excited generator/motor operating in the generator mode and
recalculating the calculated recoverable energy plus the ultracapacitor energy
and redetermining if the calculated recoverable energy plus the ultracapacitor
energy is less than a maximum permissible energy content of the ultracapacitor
bank due to consumption of energy by the hybrid electric vehicle and if the
recalculated recoverable energy plus the ultracapacitor energy is not less
than a maximum permissible energy content of the ultracapacitor bank, then
shutting down the internal combustion engine is performed.  [33] Still
further, the method for controlling a hybrid electric vehicle wherein the step
of commanding the internal combustion engine to idle and commanding zero power
generation from the non self-excited generator /Motor operating in a generator
mode if the calculated recoverable energy plus the ultracapacitor energy is
not less than the maximum permissible energy content of the ultracapacitor
bank and waiting a period of time while the internal combustion engine is
idling with zero power generation from the non self-excited generator/motor
operating in the generator mode and recalculating the calculated recoverable
energy plus the ultracapacitor energy and redetermining if the calculated
recoverable energy plus the ultracapacitor energy is less than a maximum
permissible energy content of the ultracapacitor bank due to consumption of
energy by the hybrid electric vehicle and if the recalculated recoverable
energy plus the ultracapacitor energy is not less than a maximum permissible
energy content of the ultracapacitor bank, then shutting down the internal
combustion engine is performed in conjunction with the dual compact inverters
discharging some of the energy in the ultracapacitor bank into windings of the
non self-excited traction generators/motors without motion either by operating
at sufficiently low enough power to avoid motion or by operating the non
self-excited traction generators/motors with opposing torques.  [34] Still
further, the method for controlling a hybrid electric vehicle optionally
includes driving the ultracapacitor bank to a predetermined maximum state of
charge prior to shutdown of the internal combustion engine for rapid engine
starting without need to rely on pre-charging from the vehicle low-voltage DC
battery.  [35] In cases of a severe fault condition or for service and
maintenance it may be necessary to rapidly discharge the energy storage
devices so personnel arc not exposed to hazardous voltages. A simple way to
dissipate energy in an e-machine is to continuously pulse a single phase only.
The EM field would align the poles associated with that phase and the rotor
would simply remain in place with no mechanical movement. To better spread the
energy between phases, activation (pulsing) all of the phases simultaneously
is done. In this case one phase is trying to produce forward motion, one is
trying to produce reverse motion and the third is trying to hold the rotor in
place. A good deal of power is being used but nothing is moving. This may
appear to be severe operation for the motors and inverter but it would be for
very short periods of time. As an example, if the Ultracapacitor bank is fully
charged, to 1.2 MJ and 2.5kW is dissipated in each of the 4 traction motors,
then it is possible to discharge the Ultacapacitor bank in approximately
1.2MJ/(4x2500 J-Sec) = 120 Sec = 2-minutes. At their continuous rating of 45kW
and 95% efficiency, each motor normally dissipates 2.27 kW into its cooling
jacket. The motors are also rated to dissipate 3.25 kW for 1-minute if a
slightly faster discharge is required. The generator can be used in the same
manner.  [36] The non-self-exciting generator, ultracapacitor bank and
bi-directional DC-DC converter can be used with a single traction motor
driving conventional, differential equipped axles. It does not technically
matter what type of electric machine the traction motors arc, provided the
machines meet torque, power and speed requirements. They may be self-exciting
(e.g. 1PM motors) or non-self-exciting and A/C or DC. Whenever the traction
motors operate as generators the vehicle is already moving. Therefore there is
plenty of energy available somewhere in the system to provide excitation
energy if necessary.  [37] One reason that non-self-exciting traction motors
are attractive is that they have a very wide constant power band and are,
therefore, more likely to meet the required performance specifications. Motors
that employ magnets, in an effective manner, generate more and more back EMF
as speed increases and this prevents them from achieving higher speeds unless
sonic sort of field weakening is used. Permanent magnet motors also have
unattractive failure modes and are less flexible to deal with in manufacturing
and service than ACI and SR machines. 



[38] It is an object of the invention to use the dual compact inverters to
discharge sonic of the energy in the ultracapacitor bank into the windings of
the non self-excited traction generators/motors without motion either by
operating at sufficiently low enough power to avoid motion or by operating the
non self-excited traction generators/motors with opposing torques.  [39] It is
a further object of the invention to use a non self-excited switched
reluctance generator/motor operafing in the motor mode in combination with a
bidirectional power inverter to provide the primary electrical energy source
to the hybrid electric vehicle.  [40] It is a further object of the invention
to use a plurality of traction AC non self-excited switched reluctance
generators/motors operating in the motor mode to provide propulsion for the
wheels of the hybrid electric vehicle.  [41] It is a further object of the
invention to use a plurality of traction AC non self-excited switched
reluctance generators/motors operating in the generator mode and, in
conjunction, with front and rear compact dual axle inverters, to provide
regeneration of electric power from the kinetic energy stored in the moving
hybrid electric vehicle.  [42] It is a further object of the invention to
provide an ultracapacitor which receives energy from a low voltage battery in
combination with a DC-DC converter when the voltage across the ultracapacitor
is too low for starting of the internal combustion engine.  [43] It is a
Ifirther object of the invention to provide charging means for the low voltage
battery.  [44] It is a further object of the invention to provide a DC-DC
converter to step down the voltage from the high voltage DC bus to the battery
voltage level.  [45] It is a further object of the invention to control the
voltage of the high voltage DC bus above a minimum voltage level.  [46] It is
a further object of the invention to provide the ultracapacitor bank with the
ability to store regenerated energy by calculating the recoverable energy in
the vehicle and by calculating the energy in the ultracapacitor to keep the
combined total energy less than the desired capacity of the ultracapacitor.
[47] It is a further object of the invention to provide the ultracapacitor
bank with the ability to store regenerated energy by calculating the
recoverable energy in the vehicle and by calculating the energy in the
ultracapacitor and controlling the amount of energy in the ultracapacitor due
to the non self-excited switched reluctance generator/motor operating in the
motor mode in combination with a bidirectional power inverter. 



[48] It is a further object of the invention to provide the ultracapacitor
bank with the ability to store regenerated energy by controlling the amount of
energy in the ultracapacitor due to the non self-excited switched reluctance
generator/motor operating in the motor mode in combination with a
bidirectional power inverter.  [49] It is a further object of the invention to
provide an apparatus and method for using a non self-excited generator/motor
as a cranking motor for systems without high voltage battery packs.  [50] It
is a further object of the invention to provide an apparatus and method for
using a non self-excited switched reluctance generator/motor as a cranking
motor for systems without high voltage battery packs.  [51] It is a further
object of the invention to provide a hybrid electric vehicle which has the
ability to start the internal combustion engine even though it has been
sitting and/or inactive for a long period of time and/or the engine has never
been started.  [52] It is a further object of the invention to provide a
highly efficient hybrid electric vehicle.  [53] It is a further object of the
invention to provide an ultracapacitor and an electric vehicle control system
whereby the amount of energy recoverable is stored in the ultracapacitor and
the energy attributable to the internal combustion engine is controlled so as
to provide enough capacity for the storage of kinetic energy as a ft-motion of
time.  [54] It is a further object of the invention to provide a control
system for the hybrid electric vehicle which accommodates transients (vehicle
stability, vibration, speed, acceleration, etc.) in the operation of the
vehicle.  [55] It is a further object of the invention to provide a dual
compact inverter having a synergistic advantage in that two inverters share
the cold plate, a DC-Link capacitor bank, bus bars, housing, high voltage
connector and wiring and some of the low voltage electronics.  [56] These and
further objects of the invention will be best understood when reference is
made to the accompanying drawings, description of the invention and claims
which follow hereinbelow. 1571BRIEF DESCRIPTION OF THE DRAWINGS 



[58] Fig. lA is schematic illustration of a hybrid electric vehicle
illustrating, inter alia, the condition wherein the capacitor is charged from
the 24-volt batteries after a prolonged shut- down of the hybrid electric
vehicle.  [59] Fig. 1B is a schematic illustration of a hybrid electric
vehicle illustrating, inter alia, the condition wherein the capacitor is
sufficiently charged and supplying energy to the non self- exciting switched
reluctance generator/motor to start the internal combustion engine.  [60] Fig.
1C schematic illustration of a hybrid electric vehicle illustrating, inter
alia, the condition wherein the internal combustion engine is supplying power
to the non self-exciting switched reluctance generator/motor operaring in the
generator mode supplying power to the ultra capacitor bank, the DC-DC
converter and the 24 volt batteries.  [61] Fig. 1D is a schematic illustration
of a hybrid electric vehicle illustrating, inter alia, the condition wherein
the internal combustion engine is supplying power to the non self-exciting
switched reluctance generator/motor operating in the generator mode which, in
turn, is supplying power to the ultra capacitor bank, the dual inverters which
supply power to the traction motors, and to the DC-DC converter supplying the
low voltage batteries.  [62] Fig. lE is a schematic illustration of a hybrid
electric vehicle illustrating, inter alia, the condition wherein the
regenerative power is being supplied to the ultracapacitor bank, DC-DC
converter, and the low-voltage batteries.  [63] Fig. 1F is a schemaric
illustration of a hybrid electric vehicle illustrating, inter alia, the
condition wherein the regenerative power is being supplied to the
ultracapacitor bank and the non self-exciting switched reluctance
generator/motor operating in the motor mode.  [64] Fig. 10 is schematic
illustration of a hybrid electric vehicle without an ultracapacitor bank
wherein the low voltage batteries are used with an engine starter for starting
the internal combustion engine.  [65] Fig. 1H is a schematic illustration of a
dual compact inverter having a synergistic advantage in that the inverters are
able to share the cold plate, a DC-Link capacitor bank, bus bars, housing,
high voltage connector and wiring and some of the low voltage electronics.
[66] Figs. 2 and 2A is a schematic of the control strategy of the hybrid
electric vehicle.  [67] Fig. 3 is an electrical schematic implementing the
control strategy of Figs. 2 and 2A. 



[68] Fig 4 is a graph illustrating the ultracapacitor voltage versus the
ultracapacitor total stored energy.  [69] Fig. 5 is a graph illustrating
ultracapacitor usable energy versus the charge time.  [70] Fig. 6 is a graph
illustrating vehicle speed versus kinetic energy for a 30,000 kg and a 40,000
kg vehicle.  [71] Fig. 7 is a graph illustrafing vehicle speed, fime and
conditions for regeneration of energy.  [72] Fig. 8 is a semi-log graph of
ultracapacitor voltage versus time for discharge for different power levels.
[73] DESCRIPTION OF THE INVENTION  [74] Fig. lA is schematic illustration 100A
of a hybrid electric vehicle illustrating, inter alia, the condition wherein
the ultracapacitor bank 104 is charged from the 24-volt batteries 107 after a
prolonged shut-down of the hybrid electric vehicle. Figs. 1 A-IH, inclusive,
use many of the same reference numerals and they have the same meaning. Once
an element is described in connection with a given reference numeral it will
generally not be described again in connection with a subsequent drawing
figure to avoid repetition. Reference numeral 161 indicates a dashed line
illustrating energy flow along path 161 from the low voltage batteries 107
through the DC-DC converter 106 to the ultracapacitor bank 104, the
bidirectional power inverter 103, and the non self-excited switched reluctance
generator/motor operating in the motor mode and to the internal combustion
engine 101. DC-DC converter 106 is capable of handling 5 kW of power. If the
ultracapacitor bank is charged to a sufficient energy level as represented by
the voltage across the ultracapacitor/high voltage DC bus, then the non
self-excited switched reluctance generator/motor operating 102 in the motor
mode may be operated so as to protect the low- voltage batteries from an
over-current situation. The ultracapacitor bank 104 and the high voltage DC
bus are at the same voltage at all times as they are physically connected. The
non self-excited switched reluctance generator/motor operating in the motor
mode is mechanically coupled to the internal combustion engine 101. Reference
numeral 163M is a schematic arrow indicating rotational energy applied to the
crank shaft of the internal combustion engine 101 by the switched reluctance
generator/motor 102 operating in the motor mode.  [75] As used herein the
terms "ultracapacitor bank" 104 mean the same as "ultracapacitor" or
"ultra-capacitor". In the preferred embodiment or example, the ultracapacitors
are arranged in series to achieve 1200 Farads of capacitance. Preferably the
ultracapacitor bank has an acceptable operational range over which energy is
stored. Capacitances in series do not add, rather, capacitances in series are
calculated as follows:  [76] It is specifically contemplated that
ultracapacitors may be used in parallel, series or in a combination of
parallel and series. Further, it is specifically contemplated that
capacitances may be in the range of between 1200-3000F. Fig. 4 is a graph 400
illustrating the ultracapacitor voltage 401 versus the ultracapacitor total
stored energy 402. A line representing 650F of capacitance 403, a line
representing 1200F of capacitance 404, a line representing 1500F of
capacitance 405, a line representing 2000F of capacitance, and a line
representing 3000F of capacitance are illustrated in Fig. 4. Reference numeral
408 indicates the lower ultracapacitor operational voltage of 500 V DC and
reference numeral 409 indicates the upper ultracapacitor operational voltage
of 800 V DC. 



[77] Still referring to Fig. IA, a non self-excited switched reluctance
generator/motor 102 is illustrated therein along with an internal combustion
engine 101. The terms non "self-excited" and non "self-exciting" as used
herein mean the same thing. A bidirectional power inverter communicates 103A
electrical power to and from the high voltage DC bus 105. The switched
reluctance generator/motor 102 produces AC power and the bidirectional
inverter 103 converts AC power to DC power and vice-versa. High voltage DC bus
105 is interconnected 104A with ultracapacitor bank 104, DC-DC converter 106,
and compact dual inverters 108, 109.  [78] First compact dual inverter 108
drives AC switched reluctance motors/generators 110, 111 which operate in the
motor mode for driving the front wheels of the hybrid electric vehicle. First
compact dual inverter 108 may also receive energy from the AC switched
reluctance traction motors/generators 110, 111 when they operate in the
generator mode. Reference numerals 110A, 111A indicate bidirectional power or
energy flow between the AC switched reluctance motors/generators 110, 111 and
the first compact dual inverter 108. Reference numerals I 12A, I I3A indicate
bidirectional power or energy flow between the AC switched reluctance
motors/generators 112, 113 and the second compact dual inverter 109.  [79]
Second compact dual inverter 109 drives AC switched reluctance
motors/generators 112, 113 operating in the motor mode for driving the rear
wheels of the hybrid electric vehicle. Second compact dual inverter 109 may
also receive energy from the AC switched reluctance traction motors/generators
112, 113 operating in the generator mode.  [80] Reference numeral 108A
illustrates the bidirectional interconnection between the high voltage DC bus
105 and first compact dual inverter 108. Reference numeral 109A illustrates
the bidirectional interconnection between the high voltage DC bus 105 and the
second compact inverter 109.  [81] Fig. 1B is a schematic illustration 100B of
a hybrid electric vehicle illustrating, inter alia, the condition wherein the
capacitor 104 is sufficiently charged and supplying energy to the non
self-exciting switched reluctance generator/motor 102 to start the internal
combustion engine. Reference numeral 162M is used to idenfify the charge flow
from the ultracapacitor bank 104 to the DC/AC inverter 103 and to the non
self-excited switched reluctance generator/motor 102 operating in the motor
mode. Reference numeral 163M illustrates a schematic arrow indicating
rotational energy applied to the crank shaft of the internal combustion engine
101 by the switched reluctance generator/Motor 102 operating in the motor
mode.  [82] Fig. IC is a schematic illustration 100C of a hybrid electric
vehicle illustrating, inter alia, the condition wherein the internal
combustion engine 101 is supplying power to the non self-excited switched
reluctance generator/motor 102 operating in the generator mode supplying power
to the ultracapacitor bank 104, the DC-DC converter 105, and the 24 volt
batteries 107. Reference numeral 163G is a schematic arrow indicating
rotational energy supplied by the crank shaft of the internal combustion
engine 101 to the switched reluctance generator/motor 102 operating in the
generator mode. The internal combustion engine 101 may be a 10.8 liter diesel
engine. The switched reluctance generator/motor 102 operating in the generator
mode may be a 227 kW machine. Reference numeral 1620 illustrates charge flow
from the non self-exciting switched reluctance generator/motor 102 operating
in the generator mode to: the DC/AC inverter 103, the ultracapacitor bank 104,
the DC-DC convener 106, the low-voltage batteries 107, the compact dual
inverters 108, 109, and the non self-excited traction motors/gear reducers
110, III, 112, and 113 for driving wheels of the hybrid vehicle. The non
self-excited traction motors/gear reducers 110, 111, 112, and 113 for driving
wheels of the hybrid vehicle may be 65 kW switched reluctance motors are
illustrated schematically in Fig. 1C. See Fig. 1D, a schematic illustration
1000 of a hybrid electric vehicle illustrating, inter alia, the condition
wherein the internal combustion engine 101 is supplying power to the non
self-exciting switched reluctance generator/motor 102 operating in the
generator mode which, in turn, is supplying power to the ultra capacitor bank
104, the dual compact inverters 108, 109 which supply power to the non
self-exciting AC fraction motors/generators 110, 111, 112, 113, and to the
DC-DC converter 106 supplying the low voltage batteries 107. Referring to Fig.
1D, reference numeral I62G illustrates the energy flow from the ultracapacitor
and/or the high voltage DC bus to the compact dual inverters 108, 109, and to
the non self-excited traction generators/motors/gear reducers 110, 111, 112,
and 113 for driving wheels of the hybrid vehicle. The non self-excited
traction generators/motors/gear reducers are affixed to driving wheels of the
hybrid vehicle. Gear reduction is used to convert high-speed, low-torque,
power from the fraction motors into low-speed, high-torque power at the wheel
ends.  [83] Referring to Fig. 114, dual compact inverter is illustrated which
has a synergistic advantage in that two inverters are able to share a cold
plate, a DC-Link capacitor bank, bus bars, housing, high voltage connector and
wiring and some of the low voltage electronics. This results in saving space
and in increased efficiency.  [84] Referring again to Fig. 1D, reference
numeral 163G illustrates the mechanical rotational energy flowing from the
internal combustion engine generating electrical AC power from the non
self-exciting switched reluctance generator/motor 102 whereby it its inverted
to DC power by bidirectional power inverter 103. The DC power is then stored
in the ultracapacitor bank 104 and/or it is used by the vehicle. If the DC
power is used by the vehicle, the compact dual inverters 108, 109 invert the
DC power to AC power to operate the non self-exciting AC traction
motors/generators 110, 11 I, 112, 113 and to power the vehicle. Although not
specifically illustrated with a dashed line on Fig. 1D, it is also possible
that the DC-DC converter is being used to convert the higher voltage of the
high voltage DC bus to charge the low voltage DC batteries. It is desired to
maintain the high voltage DC bus and the ultacapacitor bank at a voltage
between 500-800 VDC. 



[85] Fig. lE is a schematic illustration 100E of a hybrid electric vehicle
illustrating, inter alia, the condition wherein the regenerative power is
being supplied to the ultracapacitor bank 104, DC-DC converter 106, and the
low-voltage batteries 107. Reference numeral 162R indicates dashed lines which
are representative of power flow to the ultracapacitor from the non
self-exciting AC traction motors/generators 110, III, 112, and 113. More
specifically, reference numeral I62R indicates charge flow from the non
self-exciting switched reluctance generator/motors 110, 111, 112, and 113
acting in the generator mode to the compact dual AC/DC inverters 108, 109, the
high voltage DC bus 105, and the ultracapacitor bank 104. As set forth in Fig.
1E, the non self-excited switched reluctance generator/motor 102 may be
operating and may be idling.  [86] Room for regenerative energy storage must
be made in the ultracapacitor bank as set forth in Fig. 1E. An electronic
controller as set forth in Fig. 3 controls the operation of the hybrid
electric vehicle. Fig. 3 is an electrical schematic 300 implementing the
control strategy of Figs. 2 and 2A. Figs. 2 and 2A is a schematic 200, 200A of
the control strategy of the hybrid electric vehicle. Retelling to Fig. 2,
reference numeral 203 represents the query: is the key in "start" position?
The encircled "A" is a terminal representing inputs and outputs to the
controller 301 which controls the process of operating the hybrid electric
vehicle. The DC-DC converter is a 4-port device. Two of the lines arc
connected (full time) in parallel across the 12/24 volt batteries and the
other two lines are connected (full time) across the high voltage bus. Like an
alternator, the DC-DC converter is a current device. In response to commands
from the vehicle control unit it takes current from one of the voltage sources
and delivers it to the opposite voltage source. In this example, there are 8
switches. No more than four switches should ever be turned on simultaneously
(or damage will result). In standby mode all of the switches will be off The
control of the fraction motors is strictly in response to the driver
requirements for traction or braking, without regard to system energy or
DC-Link voltage, with the following exceptions: 1) The associated inverters
are not capable of operating below some minimum voltage (e.g. 500V) so the
motors will cease operating if this occurs; 2) The ultracapacitor bank and
power inverters will suffer damage if the DC-Link voltage exceeds 900 volts,
so delivery of regenerated energy must be halted at some upper voltage limit.
The hybrid controller will control the generator inverter to provide current
to the DC-Link bus such that: 1) The DC-link voltage stays above the minimum
inverter operating voltage; 2) The ultracapacitor bank voltage is kept as high
as possible (short of the 900V limit with a safety margin) provided it retains
sufficient storage capability to recapture any kinetic or potential energy
currently stored in the vehicle. That is because a higher DC-link voltage
results in lower system currents, and thus lower losses; hence better system
efficiency; 3) The ultracapcitor bank is fully charged prior to engine
shutdown so that, even if the ultracapacitors discharge over time, they will
likely retain sufficient energy to restart the engine.  [87] If the vehicle is
not running, the internal combustion engine must be stalled. The controller
queries the energy status of the ultracapacitor bank to determine if there is
sufficient energy 205 in the ultracapacitor bank 104 to start the internal
combusfron engine. If there is not sufficient energy 205 in the ultracapacitor
bank 104 to start the engine, then proceed to step 210 and transfer energy
(charge) to the ultracapacitor bank 104 to charge it preferably to at least
200V DC. Reference numeral 211 indicates a line indicating communication of
energy to the ultracapacitor bank where the query of whether or not there is
sufficient energy 205 is again made. More specifically, if there is sufficient
energy 205 in the ultracapacitor bank to start the engine, then proceed to
step 203 and position the key in the start position. Once the start command
has been made, communication 203Y is made with the internal combustion engine
to determine if it is running 204. If the internal combustion engine is
running 204Y then a calculation is made to determine the recoverable energy in
the vehicle 207. If the internal combustion engine is not running 204N, then
the key is once again positioned in the start position to attempt to start the
internal combustion engine 101.  [88] Once the calculation is made to
determine the recoverable energy in the vehicle 207, and communicated 207A to
the next step 208, then the controller adds the recoverable energy, Er, to the
energy in the ultracapacitor bank to determine if that sum is less than the
maximum permissible amount of energy in the ultracapacitor bank 208. If the
energy comparison of step 208 satisfies the required inequality, to wit, that
the recoverable energy of the vehicle, Er, plus the energy presently stored in
the ultracapacitor bank, Euc, is less than the maximum permissible energy in
the ultracapacitor bank, Eucmax 208Y, then the internal combustion engine 101
is set to the best brake specific fuel consumption and maximum generator 102
power is commanded 214 by the controller.  [89] If the energy comparison of
step 208 does not satisfy the required inequality, to wit, that the
recoverable energy of the vehicle, Er, plus the energy presently stored in the
ultracapacitor bank, Euc, is not less that the maximum permissible energy in
the ultracapacitor bank, Euc-max, 208N, then the internal combustion engine
101 is commanded to idle and the output of the switched reluctance
generator/motor 102 operating in the generator mode is commanded to zero
generator current. Then, this condition is communicated 216Y to the controller
2I6Y and the hybrid electric vehicle burns off (consumes/dissipates) energy
stored in the ultracapacitor 104. A wait time 217 is initiated for the energy
burn. If the wait time expires 217Y and sufficient energy has not been burned,
then the internal combustion engine is shutdown 218. During the wait time, the
controller is periodically checking (sampling) the data and making the energy
comparison step 208.  [90] Referring to Fig. 2A, when the internal combustion
engine 101 is set to the best brake specific fuel consumption and maximum
generator 102 power is commanded 214 by the controller, the controller
communicates that condition 215 to the next step 235, and the query: is the
brake command present 221 is made. The brake command is present when the
operator of the vehicle is depressing the brake pedal of the hybrid electric
vehicle. Tf the brake command is present 22IY, then proceed to the next step
227, and send a negative torque command 227 to the non self-exciting switched
reluctance generator/motors 110, 111, 112, and 113 acting in the generator
mode via the compact dual AC/DC inverters 108, 109.  [91] If the brake command
is not present 221, then proceed to the next step 222, is the DC Link voltage
> DC Link Min voltage? The DC Link is the high voltage bus 105. If the DC Link
voltage is not greater than the DC link Min voltage, then communicate this
condition 222N and proceed to the next step 228 and send zero torque command
to the switched reluctance generators/motors 110, 111, 112, 113 which drive
the vehicle wheels proportional to the accelerator signal and within stability
limits. The DC Link voltage is the same thing as the high voltage DC bus.
[92] If the DC Link voltage is greater than the DC link minimum voltage 227Y,
then proceed to the next step 223, and read the accelerator command from the
electronic controller. Next, the shift selector is read and the query 225 of:
is the speed of the vehicle less than the maximum speed for the selector
position? If the speed of the vehicle is not less than the maximum speed for
the selector position 225N, then proceed to the next step 228 and send zero
torque command to the switched reluctance generators/motors 110, 111, 112, 113
which drive the vehicle wheels. 



[93] If the speed of the vehicle is less than the maximum speed for the
selector position 225Y, then proceed to the next step 226, is the hybrid
electric vehicle in forward gear 226? Tf the vehicle is not in forward gear
226N, then proceed to the next step 230 and send a negative torque command to
the switched reluctance generators/motors 110, 111, 112, 113 which drive the
vehicle wheels proportional to the accelerator signal and within stability
limits to drive the vehicle in the backward (rearward) direction. If the
vehicle is in forward gear 226Y, proceed to the next step 229 and send a
positive torque command to the switched reluctance generators/motors 110, 111,
112, 113 which drive the vehicle wheels proportional to the accelerator signal
and within stability limits to drive the vehicle in the forward direction.
[94] Fig. 1F is a schematic illustration 100F of a hybrid electric vehicle
illustrating, inter alia, the condition wherein the regenerative power I62R is
being supplied to the ultracapacitor bank 104 and the non self-exciting
switched reluctance generator/motor 102 operating in the motor mode. Reference
numeral 162M signifies charge flow from the ultracapacitor bank 104 to the
DC-AC power inverter 103 and to the non self-exciting switched reluctance
generator/motor 102 operating in the motor mode. Reference numeral 163M is a
schematic arrow indicafing rotational energy applied to the crank shaft of the
internal combustion engine 101 by the switched reluctance generator/motor 102
operating in the motor mode.  [95] Fig. 1F also schematically illustrates a
resistor bank 190 switchably 190S interconnected 190A with the high voltage DC
bus 105. Resistor bank 190 is optionally included so as to assist with the
dissipation of energy if too much is present. Additionally, resistor bank 190
assists with the control and stable operation of the hybrid electric vehicle.
Fig. 1F also illustrates accessories 180 such as hydraulic systems which may
contribute to the recapture of energy. Bidirectional accessory inverters 185
enable the conversion from DC to AC power and vice-versa. Electrical
communication lines 180A and 185A arc illustrated in Fig. 1F as well.  [96]
Fig. 10 is schematic illustration 100G of a hybrid electric vehicle without an
ultracapacitor bank wherein the low voltage batteries 107 arc used with an
engine starter for starting the internal combustion engine 101. Reference
numeral 171 is a dashed line representing energy flow from the low voltage
batteries 107 through the DC-DC converter 106 along the high voltage DC bus
105, through the power inverter 103 which inverts DC power to AC power for
driving the non self-excited switched reluctance generator/motor 102 operating
in the motor mode which mechanically drives and starts the internal combustion
engine 101. Reference numeral 173 is a schematic arrow indicating energy
supplied to the internal combustion engine 101 by way of a mechanical coupling
for starting it.  [97] Fig. 1H is a schematic illustration of a dual compact
inverter having a synergistic advantage in that two inverters are able to
share a cold plate, a DC-Link capacitor bank, bus bars, a housing, a high
voltage connector and wiring, and some of the low voltage electronics. Sharing
makes for compact efficient packaging.  [98] The only physical I/O at the
hybrid controller will be a pair of data links. All control will be exercised
via these links. All sorts of control connections may be shown on data flow
and control diagrams but they all exist only over the data links.  [99]
Referring to Fig. 3, an electronic controller 301 as set forth therein
controls the operation of the hybrid electric vehicle. Fig. 3 is an electrical
schematic 300 implementing the control strategy of Figs. 2 and 2A. Fig. 3
illustrates the non self-excited switched reluctance generator 102 as a
current source. Fig. 3 also illustrates the non self-excited switched
reluctance generators 110, III, 112, 113 as current sources. Load 320 is
illustrated in Fig. 3 and represents the forces required for propulsion of the
vehicle and for lifting the load with the bucket. Input from the hybrid data
link 310 and input from the vehicle data link 311 are shown hi Fig. 3.  [100]
Various algorithms may be employed in the controller 301. Further, the
available energy from regeneration is continuously monitored and calculated by
the controller and, therefore, the amount of energy output from the non
self-excited generator 102 may be reduced. The controller 301 includes output
r1 which controls the non self-excited generator 102. The controller 301
includes output is which controls the plurality of non self-excited AC
traction generators 110, 111, 112, 113. Further, the available energy from
regeneration is continuously monitored and calculated by the controller and,
therefore, the amount of energy output from the non self-excited
generator/motor 102 may be reduced according to the control signal output r].
In other words, the outputs of the controller, namely, output r] and output
is, arc dynamic outputs which may continuously be changed based on the status
of the hybrid electric vehicle. For instance, when the vehicle is moving and
carrying a raised load in a bucket, then the vehicle possesses kinetic energy
by virtue of its velocity and it also has potential energy by virtue of the
raised load. Room can be made for the storage of the kinetic and potential
energy in the ultracapacitor wherein the controller 301 reduces the output r1
of the non self-excited switched reluctance generator/motor 102 operating in
the generator mode in anticipation of the recovery of the kinetic and
potential energy from the vehicle. 



[101] Still referring to Fig. 3, when the vehicle has been sitting for
prolonged periods of time or when the vehicle is new, the battery 107 and the
DC-DC converter 106 charge the ultracapacitor 104 to enable starting of the
vehicle using the non self-excited switched reluctance generator/Motor 102.
The low voltage batteries used are capable of storing approximately 6 times
the energy that the ultracapacitor can store. Referring to Fig. 4, for
instance, reference numeral 409 indicates that approximately 1.2 MS can be
stored at 800 VDC across a 1200 Farad capacitor. If a 3000 Farad capacitor is
used at 800 VDC, approximately 2.8 MJ can be stored. The two preferred low
voltage batteries 107 can store approximately 7 MJ at 24 VDC.  [102] Fig. 5 is
a graph 500 illustrating ultracapacitor usable energy 501 versus the charge
time 502 with a charge rate of 5 kW. Reference numeral 504 illustrates the
charge time of 1200 Farad capacitor string. Specifically, 0.2 MJ of usable
energy is stored in ultracapacitor 104 in approximately 120 seconds and this
amount of energy is more than sufficient for starting the internal combustion
engine when the internal combustion engine is cold. If the engine is cold,
usable energy of 200 kJ is necessary to start the engine. Reference numeral
503 illustrates the charge time of a 650 Farad capacitor string, reference
numeral 505 illustrates the charge time of a 1500 Farad capacitor string,
reference numeral 506 illustrates the charge time of a 2000 Farad capacitor
string, and reference numeral 507 illustrates the charge time of a 3000 Farad
capacitor string.  [103] Fig. 6 is a graph 600 illustrating vehicle speed 601
in kmihr versus kinetic energy 602 in kJ for a 30,000 kg and a 40,000 kg
vehicle. Reference numeral 603 illustrates the plot for the 30,000 kg vehicle,
and reference numeral 604 illustrates the plot for the 40,000 kg vehicle.
Reference numeral 605 indicates that the kinetic energy storage limit is 700
kJ which is a large portion of the total stored energy of the capacitor as
viewed in Fig. 4.  [104] Fig. 7 is a graph 700 illustrating vehicle speed 702,
time of operation 701 and conditions for regeneration of energy. Reference
numerals 713, 714, 715, and 716 represent periods of time for regeneration of
energy. Specifically, reference numeral 703 represents a four (4) second
interval of time. During a portion of this period of time 703, the vehicle
accelerates and attains the speed of 12 km/h. Thereafter, reference numeral
704 represents a two (2) second interval of time when the vehicle is
decelerating from 12 km/h to zero km/h. During this two (2) second period of
time, energy is regenerated 716 as the vehicle is slowed from 12.0 km/h to 0.0
km/h. The regeneration of energy occurs when the wheels drive the non
self-excited AC traction generators/motors 110, III, 112, and 113 in the
generator mode. Other types of traction generators/motors may be used as
stated hereinabove.  [105] Next, reference numeral 705 indicates zero speed
for a period of three (3) seconds followed by rapid acceleration. Reference
numeral is a four (4) second period of time 706. A portion of the time 706 is
acceleration in the reverse direction until the vehicle attains 10 km/h. Once
the vehicle attains 10 km/h in a period of one (1) second, it remains at 10
lunth for 3 seconds. Next, there is a two (2) second interval of time 707 when
the vehicle is decelerating from 10 km/h to 0 km/h. During this two (2) second
period of time 707, energy is regenerated 713 as the vehicle is slowed from 10
km/h to zero km/h. Next, there is a four (4) second period of time 708, two
(2) seconds of which is a period of acceleration to 12 km/h Once the vehicle
attains the speed of 12 km/h it remains at 12 km/h for an additional two (2)
seconds. Reference numeral 709 is a two (2) second interval of time when the
vehicle is decelerating from 12 km/h to zero km/h. During this two (2) second
period of time, energy is regenerated 714 as the vehicle is slowed from 12.0
km/h to 0.0 km/h.  [106] Once the vehicle comes to rest, it remains at rest
for two (2) additional seconds 710. Subsequently, the vehicle accelerates
rapidly in the reverse direction for 0.5 seconds until it attains a speed of
10 km/h. Reference numeral 710 represents a two (2) second interval of time
when the vehicle is not moving. Reference numeral 711 is a four (4) second
interval of time when the vehicle is moving in the reverse direction at a
speed of 10 km/h. Subsequently, once again, in a two (2) second interval of
time 712, the vehicle decelerates from 10 km/h to zero km/h and energy is
recaptured/regenerated 715.  [107] Fig. 8 is a semi-log graph 800 of
ultracapacitor voltage 813 versus discharge time 812 for different power
levels. Reference numeral 801 represents the maximum safe voltage and
reference numeral 802 is the minimum normal operating voltage at which the
ultracapacitor may be operated. Reference numeral 803 illustrates the
discharge time from 800 VDC at 1 kW, reference numeral 804 illustrates the
discharge time from 800 VDC at 2 kW, reference numeral 805 illustrates the
discharge time from 800 VDC at 4 kW, reference numeral 806 illustrates the
discharge time from 800 VDC at 8 kW,  reference numeral 807 illustrates the
discharge time from 800 VDC at 16 kW, reference numeral 808 illustrates the
discharge time from 800 VDC at 33 kW, reference numeral 808 illustrates the
discharge time from 800 VDC at 65 kW, reference numeral 809 illustrates the
discharge time from 800 VDC at 65 kW, reference numeral 810 illustrates the
discharge time from 800 VDC at 130 kW, and, reference numeral 811 illustrates
the discharge time from 800 VDC at 260 kW.  



11081 REFERENCE NUMERALS [109] 100A- schematic illustration of a hybrid
electric vehicle illustrating, inter alia, the condition wherein the capacitor
is charged from the 24-volt batteries after a prolonged shutdown of the hybrid
electric vehicle; [110] 100B- schematic illustration of a hybrid electric
vehicle illustrating, inter alia, the condition wherein the capacitor is
sufficiently charged and supplying energy to the non self-exciting switched
reluctance generator/motor to start the internal combusrion engine; [111]
100C- schematic illustration of a hybrid electric vehicle illustrating, inter
alia, the condition wherein the internal combustion engine is supplying power
to the non self-exciting switched reluctance generator/motor operating in the
generator mode supplying power to the ultra capacitor bank, the DC-DC
converter and the 24 volt batteries; [112] 100D- schematic illustration of a
hybrid electric vehicle illustrating, inter alia, the condition wherein the
internal combustion engine is supplying power to the non self-exciting
switched reluctance generator/motor operating in the generator mode supplying
power to the ultra capacitor bank, the dual inverters which supply power to
the traction motors, and to the DC-DC converter supplying the low voltage
batteries; [113] 100E- schematic illustration of a hybrid electric vehicle
illustrating, inter alia, the condition wherein the regenerative power is
being supplied to the ultracapacitor bank, DC-DC converter, and the
low-voltage batteries; [114] 100E- schematic illustration of a hybrid electric
vehicle illustrating, inter alia, the condition wherein the regenerative power
is being supplied to the ultracapacitor bank and the non self-exciting
switched reluctance generator/motor operating in the motor mode; [115] 100Ci-
schematic illustration of a hybrid electric vehicle without an ultracapacitor
bank wherein the low voltage batteries are used with an engine starter for
starting the internal combustion engine; [116] 100H- schematic illustration of
a dual compact inverter having a synergistic advantage in that two inverters
are able to share a cold plate, a DC-Link capacitor bank, bus bars, a housing,
a high voltage connector and wiring, and some of the low voltage electronics;
[117] 101- internal combustion engine; 



[118]101A- electrical communication between switched reluctance
generator/Motor 102 and the internal combustion engine 101; [119]102- non
self-exciting switched reluctance generator/motor; [120]103- inverter AC to DC
in the generator mode and DC to AC in the motor mode; [121]103A-electrical
communication between non self-exciting generator/motor and the AC/DC
inverter; [122]104- ultracapacitor bank; [123]104A- electrical communication
between uhracapacitor bank 104 and high voltage DC bus; [124]105- a high
voltage DC bus; 



[125]106- 5 kW DC-DC converter interposed between vehicle low-voltage
batteries and high voltage DC bus; [126]106A- electrical communication between
vehicle low-voltage batteries and DC-DC converter; [127]107- vehicle
low-voltage batteries, preferably 24 volt batteries; [128]108- compact dual
DC/AC inverter driving two AC motors/gear reducers 110, 111 for driving the
front wheels of the hybrid vehicle; [129]109- compact dual DC/AC inverter
driving two AC motors/gear reducers 112, 113 for driving the rear wheels of
the hybrid vehicle; [130]108A- electrical communication between high voltage
DC bus 105 and compact dual inverter 



108; [131]109A- electrical communication between high voltage DC bus 105 and
compact dual inverter 109; [132]110, 111, 112, 113- non self-exciting switched
reluctance generatorlmotor/gear reducers for driving wheels of the hybrid
vehicle; [133]110A- electrical communication between compact dual DC/AC
inverter 108 and tracrion motor 110;  [134]111A- electrical communication
between compact dual DC/AC inverter 108 and traction motor 111; 



[135]112A- electrical communication between compact dual DC/AC inverter 109
and traction motor 112; [136]113A- electrical communication between compact
dual DC/AC inverter 109 and traction motor 113; [137]161- charge flow from low
voltage batteries 107 to the DC-DC converter 106 to the ultracapacitor bank
104; [138]162G- charge flow from the non self-exciting switched reluctance
generator/motor operating in the generator mode to: the DC/AC inverter 103,
the ultracapacitor bank 104, the DC-DC converter 106, the low-voltage
batteries 107, the compact dual inverters 108, 109, and the AC traction
motors/gear reducers 110, III, 112, and 113 for driving the wheels of the
hybrid vehicle; [139]162M- charge flow from the ultracapacitor bank 104 to the
DC/AC inverter 103 and to the non self-exciting switched reluctance generator/
motor 102 operating in the motor mode; 



[140]162R- charge flow from the non self-exciting switched reluctance
generator/motors 110, III,  112, and 113 acting in the generator mode to the
compact dual AC/DC inverters 108, 109, the high voltage DC bus, and the
ultracapacitor bank 104; [141]163G- schematic arrow indicating rotational
energy supplied by the crank shaft of the internal combustion engine 101 to
the switched reluctance generator/motor operating in the generator mode;
[142]163M- schematic arrow indicating rotational energy applied to the crank
shaft of the internal combustion engine 101 by the switched reluctance
generator/motor operating in the motor mode; [143]171- dashed line
representing energy flow low voltage batteries through the DC-DC converter
along the high voltage DC bus, through the power inverter which inverts DC
power to AC power for driving the non self-excited switched reluctance
generator/motor operating in the motor mode which mechanically drives and
starts the internal combustion engine; [144]173-schematic arrow indicating
energy supplied to the internal combustion engine 101;  



[145] 180A- electrical communication with accessory [146] 180- accessory [147]
185- accessory inverters [148] 185A- electrical communication with the
accessory inverters [149] 190- resistor bank; [150] 190A- electrical
communication line between the high voltage DC bus and the resistor bait 190;
[151] 190A- switch interposed in the electrical communication line 190A; [152]
200, 200A- schematic of the control strategy of the hybrid electric vehicle;
[153] 203- is key in "start" position?; [154] 203Y- key is in "start"
position; 



[155] 204- is the internal engine running? [156] 204N- engine is not running;
[157] 204Y- engine is running; [158] 205- is there sufficient energy in the
ultracapacitor bank to start the engine? [159] 205N- if there is not
sufficient energy in the ultracapacitor bank to start the engine, then proceed
to step 210 and transfer energy (charge) to the ultracapacitor to charge it
preferably to at least 200V DC; [160] 205Y- if there is sufficient energy in
the ultracapacitor bank to start the engine, then proceed to step 203 and
position the key in the start position; [161] 207-calculate recoverable energy
available, Er, based on the velocity of the machine and the operational state
of the machine; [162] 207A- communication of the calculated amount of
recoverable energy to the next step 208;  [163] 208- is the recoverable energy
plus the energy of the ultracapacitor bank less than or equal to the maximum
permissible energy stored in the ultracapacitor bank Er +Ec < Euc max? 



[164] 208N- if the recoverable energy plus the energy of the ultracapacitor
bank is not less than or equal to the maximum permissible energy stored in the
ultracapacitor bank, in other words, if the relationship Er +Ec < Eue max is
not satisfied, then proceed to the next step 216, wherein the internal
combustion engine is set to idle; [165] 208Y- if the recoverable energy plus
the energy of the ultracapacitor bank is less than or equal to the maximum
permissible energy stored in the ultracapacitor bank, in other words the
relationship Er *Ec < Euc max is satisfied, then proceed to the next step 214
and set the engine speed to the best brake specific fuel consumption and
command maximum power from the non self-excited switched reluctance
generator/motor 102 acting in the generator mode; [166] 210- transfer energy
from the low voltage batteries to the ultracapacitor over time using the DC-DC
converter 106 such that the ultracapacitor is charged to 200 V DC; [167] 211-
line indicating communication of energy to the ultracapacitor bank; [168] 214-
set engine to the best brake specific fuel consumption (3SFC) speed and
command maximum generator power from the switched reluctance generator/ motor
operating in the generator mode; [169] 215- communication line to next step
235, is brake command present'? [170] 216- if the recoverable energy plus the
energy stored in the ultracapacitor is not less than the maximum permissible
energy in the ultracapacitor, then command the internal combustion engine to
idle and command the output of the switched reluctance generator / motor
operating in the generator mode to zero generator current; [171] 216A-
communication line signaling that the internal combustion engine has been
commanded to idle and that the switched reluctance generator/motor operating
in the generator mode is producing zero generator current; [172] 217- has wait
time expired, namely, the relationship Er + Euc < Euc max has not been
satisfied after the wait time? [173] 217Y- wait time has expired, proceed to
step 218 and shut down the internal combustion engine; 



[174] 218- shutdown internal combustion engine by defucling it; [175] 221- is
the brake command present'? [176] 22 IN- if the brake command is not present,
then proceed to the next step 222, and determine if the DC Link > DC Link Min;
[177] 221Y- if the brake command is present, then proceed to the next step
227, and send a negative torque command to the non self-exciting switched
reluctance generator/motors 110, 111, 112, and 113 acting in the generator
mode to the compact dual AC/DC inverters 108, 109; [178] 222- is DC Link > DC
Link Min? [179] 222N- if DC Link voltage is not greater than the DC link
minimum voltage, then proceed to the next step 228 and send zero torque
command to the switched reluctance generators/motors 110, III,  112, 113 which
drive the vehicle wheels proportional to the accelerator signal and within
stability limits; [180] 222Y- if the DC Link voltage is greater than the DC
link minimum voltage, then proceed to the next step 223, and the read the
accelerator command from the electronic controller; [181] 223- read the
accelerator command from the electronic controller; [182] 224- read the shift
selector; 



[183] 225- is the speed of the vehicle is less than the maximum speed for the
selector position? [184] 225N- if the speed of the vehicle is not less than
the maximum speed for the selector position, then proceed to the next step 228
and send zero torque command to the switched reluctance generators/motors 110,
111, 112, 113 which drive the vehicle wheels; [185] 225Y- if the speed of the
vehicle is less than the maximum speed for the selector position, proceed to
the next step 226, is the machine in forward gear? [186] 226- is the vehicle
in forward gear? [187] 226N- if the speed of the vehicle is not in the forward
posirion, then proceed to the next step and send a negative torque command to
the switched reluctance generators/motors 110, 111,  112, 113 which drive the
vehicle wheels proportional to the accelerator signal and within stability
limits to drive the vehicle in backward direction; [188] 226Y- if the vehicle
is in forward gear, proceed to the next step 229 and send the positive torque
command to the switched reluctance generators/motors 110, 111, 112, 113 which
drive the vehicle wheels proportional to the accelerator signal and within
stability limits to drive the vehicle in the forward direction; [189] 227-
send negative torque command to the switched reluctance generators/motors 110,
111, 112, 113 which drive the vehicle wheels proportional to the brake command
225Y and within stability limits; [190] 228- send zero torque command to the
switched reluctance generators/motors 110, 111, 112, 113 which drive the
vehicle wheels; 



[191] 229- send a positive torque command to the switched reluctance
generators/motors 110, III, 112, 113 which drive the vehicle wheels; [192]
230- send a negative torque command to the switched reluctance
generators/motors 110, 111, 112, 113 which drive the vehicle wheels
proportional to the accelerator signal and within stability limits; [193] 300-
electrical schematic implementing the control strategy of Figs. 2 and 2A;
[194] 301-controller [195] 310- input from hybrid data link [196] 311- input
from vehicle data link [197] 400- graph illustrating the ultracapacitor
voltage versus the ultracapacitor total stored energy; [198] 401-
ultracapacitor voltage; [199] 402- ultracapacitor total stored energy (MJ);
[200] 403- 650 Farad capacitor string; 



[201] 404- 1200 Farad capacitor string; [202] 405- 1500 Farad capacitor
string;  [203] 406- 2000 Farad capacitor string; [204] 407- 3000 Farad
capacitor string; [205] 408- 500 volt abscissa mark; [206] 409- 800 volt
abscissa mark; [207] 410- 1.3 MJ ordinate mark; [208] 500- graph illustrating
ultracapacitor usable energy versus the charge time; [209] 501- usable energy
bank; 



[210] 502- charge time at 5 KW; [211] 503- 650 Farad capacitor string; [212]
504- 1200 Farad capacitor string; [213] 505- 1500 Farad capacitor string;
[214] 506- 2000 Farad capacitor string; [215] 507- 3000 Farad capacitor
string; [216] 600- graph illustrating vehicle speed versus kinetic energy for
a 30,000 kg and a 40,000 kg vehicle; [217] 601- vehicle speed in km/h; [218]
602- kinetic energy in kJ; 



[219] 603- 30,000 kg vehicle without a load; [220] 604- 40,000 kg vehicle
including the load; [221] 605- energy storage limit, 800V DC; [222] 700- graph
illustrating vehicle speed, time and conditions for regeneration of energy;
[223] 701- time; [224] 702- vehicle speed km/h;  [225] 703-4 second interval
of time where the vehicle accelerates and attains 12 km/h; [226] 704- 2 second
interval of time when the vehicle is decelerating from 12 lunlh to zero lunlh;
[227] 705-2 second interval of time; 



[228] 706-4 second interval of time when the vehicle is accelerating in the
reverse direction; [229] 707-2 second interval of time when the vehicle is
decelerating from -10 knilh to zero km111; [230] 708-4 second interval of time
where the vehicle accelerates and attains 12 km/h; [231] 709- 2 second
interval of time when the vehicle is decelerating from 12 lunlh to zero lunlh;
[232] 710-2 second interval of time; [233] 711-4 second interval of time when
the vehicle is accelerating in the reverse direcrion; [234] 712-2 second
interval of time when the vehicle is decelerating from -10 loulh to zero
lrinlh; [235] 713, 714, 715, 716- shaded area representing regeneration of
energy; [236] 800- semi-log graph of ultracapacitor voltage versus time for
different power levels; [237] 801- minimum normal operating voltage; 



[238] 802- maximum safe voltage; [239] 803- 1 kW; [240] 804- 2 kW; [241] 805-
4 kW; [242] 806- 8 kW; [243] 807- 16 kW; [244] 808- 33 kW; [245] 808- 65 kW;
[246] 809- 130 kW;  



[247] 810- 130 kW; [248] 811- 260 kW; [249] 812- time in minutes; [250] 813-
voltage, DC; [251] control of hybrid vehicle;        Those skilled in the art
will recognize that the invention has been set forth by way of example only
and that changes may be made to the invention without departing from the
spirit and scope of the appended claims.  CLAIMS: 1. A series-electric hybrid
vehicle, comprising:        a non self-excited generator/motor for providing
power to said vehicle for propulsion and operation thereof; 



a high voltage DC bus; a plurality of wheels which propel said vehicle; one or
more non self-excited AC traction motors/generators;        one Of more
compact dual inverters convey power b -directionally between said high voltage
DC bus and said one or more non self-excited AC traction motors/generators
which are affixed, respectively, to one or more of said plurality of wheels;
said compact dual inverters associated with said non self-excited AC traction
motors/generators are configured to operate in a generator mode or in a motor
mode;        said non self-excited AC traction niotors/generaton are
configured in combination with said wheels to provide propulsion and
regenerative braking; an internal combustion engine;        said internal
combustion engine coupled to said non self-excited generator/motor for
providing power to said vehicle for propulsion and operation thereof; said non
self-exciting generator/motor coupled to an inverter,        said inverter
supplies power bidirectionally to and from said high voltage DC bus, said
inverter supplies power to said high voltage DC bus when said non self-excited
generator/motor operates in said generator mode, and, said inverter supplies
power to said non self-excited generator/motor when said non self-excited
generator/Motor operates in said motor mode; 



an ultracapacitor bank, said ultracapacitor bank electrically coupled to said
high voltage DC bus;        said ultracapacitor bank stores regenerative
energy from said non self-excited AC traction motors when operating in said
motor mode; and,         said ultracapacitor bank stores supplies energy to
said inverter coupled to said non self-excited generator/motor operating in
said motor mode for starting said internal combustion engine; a conventional
low voltage system with at least one 12 or 24 volt DC battery;        a
bidirectional DC-DC converter to convey power between said 12 or 24 volt DC
battery and said ultracapacitor bank for purposes of pre-charging said
ultracapacitor bank to start said internal combustion engine and to maintain
the state of charge of said 12 or 24 volt battery after said internal
combustion engine is started.         2. A series-electric hybrid vehicle as
claimed in claim 1, further comprising:        a resistor bank, said resistor
bank dissipates excess regenerative energy from said non self-excited AC
traction generators/motors operating in said generator mode.         3. A
series-electric hybrid vehicle as claimed in claim 1 in which said non
self-excited generator/motor operating in said motor mode is used to dissipate
excess kinetic energy from said vehicle by back driving said internal
combustion engine while operating an engine compression brake.  4. A hybrid
electric vehicle, comprising: a high voltage DC bus; 



an internal combustion engine;       said internal combustion engine driving a
non self-excited generator/motor supplying energy to said high voltage DC bus;
a rear axle compact bidirectional dual DC-AC inverter driving two AC
motors/generators/gear reducers for moving said vehicle and for recapturing
energy from regenerative braking;       a front axle compact bidirectional
dual DC-AC inverter driving two AC motors/generators/gear reducers for moving
said vehicle and for recapturing energy from regenerative braking; at least
one 12-volt or 24-volt DC battery; an ultracapacitor, said ultracapacitor
electrically coupled to said high voltage DC bus;       a bidirectional DC-DC
converter interposed between said 12 or 24-volt battery and said high voltage
DC bus, said DC-DC converter transfers energy between said 12 or 24-volt DC
battery and said high voltage DC bus and said ultracapacitor;       said non
self-exciting generator motor coupled to said engine for starting said
internal combustion engine;       and, said ultracapacitor supplying energy to
said inverter coupled to said generator for starting said internal combustion
engine.  5. A hybrid electric vehicle as claimed in claim 4, further
comprising: a resistor bank; and, 



said compact dual bidirectional DC-AC inverters include rectification means
for regenerating energy and storing said energy in said at least one battery
and/or said ultracapacitor. 6. A hybrid electric vehicle, comprising: a high
voltage DC bus; an internal combustion engine;        said internal combustion
engine mechanically coupled to a non self-excited switched reluctance
motor/generator;        said non self-excited switched reluctance
motor/generator operates as a generator supplying electrical power in a
generator mode;        said non self-excited switched reluctance
motor/generator operates as a motor receiving electrical power in a motor
mode;        said non self-excited switched reluctance generator/motor coupled
to an inverter, said inverter bidirectionally conveys power between said high
voltage DC bus and said non self-excited switched reluctance generator/motor;
a first front AC traction motor/generator for driving a first front wheel,
said first front traction motor/generator being a non self-excited switched
reluctance motor/generator, said first front traction motor/generator provides
propulsion and/or regenerative braking;        a second front AC traction
motor for driving a second front wheel, said second front traction
motor/generator being a non self-excited switched reluctance motor/generator,
said second front tracrion motor/generator provides propulsion and/or
regenerative braking;        a first rear AC traction motor/generator for
driving a first rear wheel, said lust rear traction motor/generator being a
non self-excited switched reluctance motor/generator, said first rear traction
motor/generator provides propulsion and/or regenerative braking; 



a second rear AC fraction motor/generator for driving a second rear wheel,
said second rear traction motor/generator being a non self-excited switched
reluctance motor/generator, said second rear traction motor/generator provides
propulsion and/or regenerative braking; a first compact dual inverter and a
second compact dual inverter; said first compact dual inverter in electrical
communication with said high voltage DC bus;        said first compact dual
inverter converts DC power from said high voltage DC bus into AC power for
driving said first front AC traction motor/generator and said first front
wheel;        said first compact dual inverter converts DC power from said
high voltage DC bus into AC power for driving said second front AC traction
motor/generator and said second front wheel; said second compact dual inverter
in electrical communication with said high voltage DC bus;        said second
compact dual inverter converts DC power from said high voltage DC bus into AC
power for driving said first rear AC traction motor/generator and said first
rear wheel;        said second compact dual inverter converts DC power from
said high voltage DC bus into AC power for driving said second rear AC
traction motor/generator and said second rear wheel; an ultracapacitor bank,
said ultracapacitor bank electrically coupled to said high voltage DC bus;
said ultracapacitor bank stores regenerative energy from said first compact
dual inverter supplied by said first and second front AC traction
motors/generators operating in a regenerative mode; 



said ultracapacitor bank stores regenerative energy from said second compact
dual inverter supplied by said lust and second rear AC traction
motors/generators operating in a regenerative mode;        said ultracapacitor
bank stores energy from said inverter coupled to said non self-excited
switched reluctance generator/motor when said non self-excited switched
reluctance gcnerator/motor is operating in said generator mode;         said
ultracapacitor bank supplies energy to said inverter coupled to said non
self-excited switched reluctance generator/motor when said non self-excited
switched reluctance generator/motor is operating in said motor mode to start
said internal combustion engine; a conventional low voltage system with at
least one 12 or 24 volt battery;        a bidirectional DC-DC converter, DC-DC
converter steps said voltage of said battery up and conveys power between said
12 or 24 volt battery and said ultracapacitor bank to pre-charge said
ultracapacitor bank to start said internal combustion engine; and,        said
bidirectional DC-DC converter steps said voltage of said high voltage DC bus
down to maintain the state of charge of said 12 or 24 volt battery after said
internal combustion engine is started.         7. A hybrid electric vehicle as
claimed in claim 6, further comprising:        a resistor bank, said resistor
bank consumes excess regenerative energy from said non self-excited AC
traction generators/motors operating in said generator mode.         8. A
hybrid electric vehicle as claimed in claim 6 in which said motor/generator
operating in said motor mode is used to dissipate excess kinetic energy from
the vehicle by back driving the engine while operating an engine compression
brake. 



9. A series-electric hybrid vehicle as claimed in claim I wherein said non
self-exciting generator/motor is a switched reluctance machine.         10. A
series-electric hybrid vehicle as claimed in claim 1 wherein said non
self-exciting generator/motor is the primary source of electrical energy for
the vehicle.         11. A hybrid electric vehicle as claimed in claim 6,
wherein said switched reluctance non self-exciting generator/motor is the
primary source of electrical energy for the vehicle.         12. A hybrid
electric system, comprising: an internal combustion engine; a non
self-exciting AC generator/motor; said non self-exciting AC generator/motor
operates in either a generator mode or a motor mode; a high voltage DC bus; an
ultracapacitor bank, said ultracapacitor bank connected full time across said
high voltage DC bus;       an AC-DC inverter for converting the AC power from
said non self-exciting AC generator/motor to DC power for supply to said high
voltage DC bus and said ultracapacitor bank; 



a low voltage DC battery;       means for charging said ultracapacitor bank
from said conventional low-voltage vehicle DC battery to provide initial
excitation energy to said non self-exciting generator /motor operating in said
motor mode to start said internal combustion engine.        13. A hybrid
electric system, as claimed in claim 12 in which said ultracapacitor bank is
charged with sufficient energy from said low voltage battery such that said
non self-excited generator /motor can be used in said motor modes to start
said internal combustion engine thus replacing the conventional low-voltage
engine starter.        14. A hybrid electric system, as claimed in claim 12
wherein said means used to charge said ultracapacitor is a bi-directional
DC-DC converter which maintains the state of charge of said low-voltage
battery thus eliminating the need for a conventional low-voltage alternator.
15. A hybrid electric system as claimed in claim 12, further comprising: dual
compact inverters; a plurality of wheels;       a plurality of non
self-excited traction generators/motors each interconnected with a respective
one of said plurality of wheels; said dual compact welters arc connected
across said ultracapacitor bank; said dual compact inverters are bidirectional
DC-AC inverters; and,       said dual compact inverters transfer energy to and
from said ultracapacitor bank and to and from said non self-excited traction
generators/motors.        16. A hybrid electric system as claimed in claim 12,
wherein said non self-excited generator/Motor is operated in said motor mode
to back drive said internal combustion engine and an associated engine brake
in order to dissipate excessive regenerative braking energy. 



17. A hybrid electric system as claimed in claim 12 wherein said non
self-excited generator/motor is a switched reluctance machine.        18. A
hybrid electric system as claimed in claim 12 wherein said ultracapacitor bank
is driven to a predetermined maximum state of charge prior to engine shutdown
in order to provide for rapid engine starting without need to rely on
pre-charging from said vehicle low-voltage DC battery under normal operating
conditions.        19. A hybrid electric system as claimed in claim 12 wherein
said means for charging said ultracapacitor bank from said conventional low
voltage vehicle DC battery to provide initial excitation energy to said non
self-exciting generator/motor operating in said motor mode to start said
internal combustion engine.        20. A hybrid electric system as claimed in
claim in claim 15 in which one or more of said dual compact inverters
discharge some energy in said ultracapacitor bank into the windings of said
non self-excited traction generators/motors without motion either by operating
at sufficiently low enough power to avoid motion or by operating said non
self-excited traction generators/motors with opposing torques to enable safe
operation of said system.        21. A hybrid electric system, comprising: a
non self-excited generator/motor; said non self-excited generator/motor is
operable hi a generator mode or a motor mode; a power inverter; a high voltage
DC bus; an ultracapacitor interconnected with said high voltage DC bus; 



a low voltage battery; a DC-DC bidirectional converter;       said
ultracapacitor bank is charged to a usable operating voltage by transferring
energy from said low voltage battery by use of said DC-DC converter;
said non self-excited generator/motor is driven by said power inverter when
said ultracapacitor is charged to a usable voltage.         22. A hybrid
electric system as claimed in claim 21 wherein said DC-DC converter charges
said low voltage battery once said internal combustion engine is operational.
23. A hybrid electric system as claimed in claim 21 further comprising a
traction motor.         24. A hybrid electric system as claimed in claim 22
further comprising a plurality of traction motors.         25. A hybrid
electric system as claimed in claim 23 wherein said traction motors may be
selected from the group of self-exciting interior permanent magnet motors,
non-self-exciting, AC or DC motors.         26. A hybrid electric system as
claimed in claim 24 wherein said traction motors may be selected from the
group of self-exciting interior permanent magnet motors, non-self-exciting, AC
or DC motors.  27. A method for controlling a hybrid electric vehicle,
comprising: setting the maximum permissible energy content of said
ultracapacitor bank; setting the minimum high voltage DC bus voltage; 



determining if there is sufficient energy in an ultracapacitor bank to start
an internal combustion engine;        transferring energy using a DC-DC
converter from a low voltage DC battery to said ultracapacitor bank if there
is not sufficient energy in said ultracapacitor bank to start said internal
combustion engine;        starting said internal combustion engine using a non
self-excited generator/motor operating in a motor mode to start said internal
combustion engine if there is sufficient energy in said ultracapacitor bank;
calculating recoverable energy in said hybrid electric vehicle; calculating
energy in said ultracapacitor bank of said hybrid electric vehicle;
determining if said calculated recoverable energy plus said ultracapacitor
energy is less than a maximum permissible energy content of said
ultracapacitor bank;        commanding said internal combustion engine to idle
and commanding zero power generation from said non self-excited
generator/motor operating in a generator mode if said calculated recoverable
energy plus said ultracapacitor energy is not less than said maximum
permissible energy content of said ultracapacitor bank and waiting a period of
time while said internal combustion engine is idling with zero power
generation from said non self-excited generator/motor operating in said
generator mode and recalculating said calculated recoverable energy plus said
ultracapacitor energy and redetermining if said calculated recoverable energy
plus said ultracapacitor energy is less than a maximum permissible energy
content of said ultracapacitor bank due to consumption of energy by said
hybrid electric vehicle and if said recalculated recoverable energy plus said
ultracapacitor energy is not less than a maximum permissible energy content of
said ultracapacitor bank, then shutting down said internal combustion engine;
setting said internal combustion engine speed to the best brake specific speed
and commanding maximum power from said non self-excited generator/motor
operating in a generator mode if said calculated recoverable energy plus said
ultracapacitor energy is less than said maximum permissible energy content of
said ultracapacitor bank; 



determining if a brake command is present;       sending a negative torque
command to said non self-excited fraction motors proportional to said brake
command and within stability limits if said brake command is present;
determining if the high voltage DC bus voltage is greater than said high
voltage DC bus minimum voltage if said brake command is not present;
sending a zero torque command to said non self-excited traction
generators/motors if said high voltage DC bus voltage is not greater than said
high voltage DC bus minimum voltage;       reading an accelerator command if
said high voltage DC bus is greater than said high voltage DC bus minimum
voltage; determining if the vehicle speed is less than the maximum permissible
speed;        sending a zero torque command to said non self-excited traction
generators/motors if vehicle speed is not less than the maximum permissible
speed;       sending a positive torque command proportional to the accelerator
signal within stability limits to said non self-excited traction
generators/motor if said shift selector is in forward gear; and,       sending
a negative torque command proportional to the accelerator signal within
stability limits to said non self-excited fraction generators/motors if said
shift selector is not in forward gear. 28. A method for controlling a hybrid
electric vehicle as claimed in claim 27 wherein said 



said non self-excited traction generators/motors arc switched reluctance
machines.         29. A method for controlling a hybrid electric vehicle as
claimed in claim 27 wherein said non self-excited generator/motor operating
for starting said internal combustion engine is a switched reluctance machine.
30. A method for controlling a hybrid electric vehicle as claimed in claim 27
wherein said step of commanding said internal combustion engine to idle and
commanding zero power generation from said non self-excited generator/motor
operating in a generator mode if said calculated recoverable energy plus said
ultracapacitor energy is not less than said maximum permissible energy content
of said ultracapacitor bank and waiting a period of time while said internal
combustion engine is idling with zero power generation from said non
self-excited generator/motor operaring in said generator mode and
recalculating said calculated recoverable energy plus said ultracapacitor
energy and redetermining if said calculated recoverable energy plus said
ultracapacitor energy is less than a maximum permissible energy content of
said ultracapacitor bank due to consumption of energy by said hybrid electric
vehicle and if said recalculated recoverable energy plus said ultracapacitor
energy is not less than a maximum permissible energy content of said
ultracapacitor bank, then shutting down said internal combustion engine.
31. A method for controlling a hybrid electric vehicle as claimed in claim 27
wherein said step of commanding said internal combustion engine to idle and
commanding zero power generation from said non self-excited generator/motor
operating in a generator mode if said calculated recoverable energy plus said
ultracapacitor energy is not less than said maximum permissible energy content
of said ultracapacitor bank and waiting a period of time while said internal
combustion engine is idling with zero power generation from said non
self-excited generator/motor operaring in said generator mode and
recalculating said calculated recoverable energy plus said ultracapacitor
energy and redetermining if said calculated recoverable energy plus said
ultracapacitor energy is less than a maximum permissible energy content of
said uhracapacitor bank due to consumption of energy by said hybrid electric
vehicle and if said recalculated recoverable energy plus said ultracapacitor
energy is not less than a maximum permissible energy content of said
ultracapacitor bank, then shutting down said internal combustion engine is
performed in conjunction with said dual compact inverters discharging some
energy in said ultracapacitor bank into windings of said non self-excited
traction generators/motors without motion either by operating at sufficiently
low enough power to avoid motion or by operating said non self-excited
traction generators/motors with opposing torques to enable safe operation of
said vehicle.         32. A method for controlling a hybrid electric vehicle
as claimed in claim 27 wherein said ultracapacitor bank is driven to a
predetermined maximum state of charge prior to shutdown of said  internal
combustion engine for rapid engine starting without need to rely on
pre-charging from said vehicle low-voltage DC battery.  33. A hybrid electric
vehicle, comprising: a controller; a non self-excited generator/motor
mechanically interconnected with said internal combustion 



engine; a power inverter; said non self-excited generator /Motor in electrical
communication with said powcr invcrtcr; said non self-excited generator/motor
is operable hi a generator mode or a motor mode; a high voltage DC bus; an
ultracapacitor interconnected with said high voltage DC bus;        said
controller in clectical communication with said power inverter controlling
said power inverter; a low voltage battery; a DC-DC bidirectional converter;
said ultracapacitor bank is charged to a usable operating voltage by
transferring energy from said low voltage battery by use of said DC-DC
converter; and,        said non self-excited generator/motor is controlled by
said controller and driven in said motor mode by said power inverter when said
ultracapacitor is charged to a usable voltage to start said internal
combustion engine. 



34. A hybrid electric vehicle as claimed in claim 33, further comprising: a
first dual compact inverter and a second dual compact inverter;        a
plurality of non self-excited fraction generators/motors driven by said first
and second dual compact inverters; said first and second compact inverters
controlled by said controller.         35. A hybrid electric vehicle as
claimed in claim 34 wherein said first and second dual compact inverters may
bidirectionally supply power.         36. A hybrid electric vehicle as claimed
in claim 34 wherein said power inverter may bidirectionally supply power.
37. A hybrid electric vehicle as claimed in claim 34 wherein said first and
second dual compact inverters may bidirectionally supply power and wherein
said power inverter may bidirectionally supply power.  38. A series-electric
hybrid vehicle comprising: an internal combustion engine that converts
chemical energy into mechanical energy;         a non-self-excited
generator/motor coupled to said internal combustion engine to convert
mechanical power to electric power and provide said electric power to said
vehicle for propulsion and other related functions; a high-voltage DC bus;
an inverter to transfer power bi-directionally between said non-self-excited
generator/motor and said high-voltage DC bus; 



a traction motor/generator that provides propulsion power;        an inverter
to transfer electric power bi-directionally between said traction
motor/generator and said high-voltage DC bus; a conventional low-voltage
system with at least one 12 or 24 volt battery; an ultracapacitor bank, said
ultracapacitor bank electrically coupled to said high-voltage DC bus;
a bidirectional DC-DC converter to convey power between said 12 or 24 volt
battery and said ultracapacitor bank for purposes of pre-charging said
ultracapacitor bank when necessary to provide sufficient energy to excite said
generator and then to start said internal combustion engine and thereafter to
maintain the state of charge of said low-voltage battery once said internal
combustion engine is operating; and,         control logic, said control logic
manages the state of charge of said ultracapacitor bank and the propulsive
operation of said vehicle and other related functions.         39. A hybrid
electric system, as claimed in claim 12, further comprising a DC-AC inverter
for powering an AC traction motor for powering said vehicle.        40. A
hybrid electric system as claimed in claim 40, wherein said AC traction motor
operates as a generator regenerating energy to said DC-AC inverter for storage
in said ultracapacitor.  41. A hybrid electric vehicle as claimed in claim 33,
further comprising: a first inverter; a traction generator/motor driven by
said first inverter; and, 



said first inverter controlled by said controller. 


