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(57) On decrit un procede et un appareil ameliores pour
propulser et commander le fonctionnement de grands
camions diesel-€lectrique tous terrains, dans lesquels les
roues de propulsion (144, 146) sont propulsées et
décelerees par des moteurs €lectriques de roue (132, 134)
alimentes par un geénerateur (116) a bord du vehicule et,
facultativement, en plus par une alimentation cc fournie
par des fils a¢riens. Dans le systeme décrit, des
convertisseurs du type a thyristors (124, 126) reli¢s au
reseau ca (118) recorvent de 1'énergie supplémentaire
externe par les fils acriens cc et la transmettent au réseau
de distribution ca (118) pour le mode propulsion. Les
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(57) An improved method and apparatus are disclosed for
powering and controlling the operation of large diesel-
electric off-road haulers of the type 1n which hauler drive
wheels (144, 146) are propelled and retarded by DC
electric wheel motors (132, 134) powered from a board
generator (116), optionally supplemented by DC power,
from external trolley lines. In the disclosed system,
thyristor-type converters (124, 126) connected into the
system AC power gnd (118) are used to receive
supplemental external power from DC trolley lines and
supply 1t into the AC power distribution grid (118) 1n the
propel mode. The use of such thyristor-type converters
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convertisseurs a thynstors (124, 126) permettent
d’utiliser une alimentation €nergetique supplementaire
fournie par les fils aériens sans qu’il soit nécessaire de
prevorr un appareillage de commutation ou de
commande s€par¢ pour entrainer les moteurs cc des
roues lorsque le courant est fourni par les fils a¢riens. On
peut utiliser des convertisseurs du type a thyristor
¢galement pour fournir du courant (geénere par les
moteurs des roues (132, 134) dans le mode de
deceleration) a des résistances de deceleration (176), ce
qu permet d’exploiter 1°¢énergie ¢lectrique 1nitiale
generee par les moteurs des roues afin de remplacer la
demande 1imposce au moteur diesel (112) et de réaliser
d’1importantes ¢conomies de carburant.
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(124, 126) makes possible the use of supplemental
trolley line power without provision of separate
switching or control gear to operate the DC wheel motors
when ftrolley line power 1s received. Thyristor-type
converters also may be used to supply current (generated
by wheel motors (132, 134) 1n the retarding) mode to
retarding resistors (176), making possible the use of the
initial electrical power generated by the wheel motors to
replace load requirements of the diesel engine (112),
resulting 1n substantial fuel savings.
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(54) Title: METHOD AND APPARATUS FOR PROPELLING AND RETARDING OFF-ROAD HAULERS

(57) Abstract

An improved method and

| apparatus are disclosed for power-
ing and controlling the operation
of large diesel-electric off-road
haulers of the type in which hauler
drive wheels (144, 146) are pro-
pelled and retarded by DC electric
wheel motors (132, 134) powered
from a board generator (116), op-
tionally suppiemented by DC
power, from external trolley lines.
In the disclosed system, thyristor-
type converters (124, 126) connect-
ed into the system AC power grid
(118) are used to receive supple-
mental external power from DC
trolley lines and supply it into the
AC power distribution gnd (118)
in the propel mode. The use of
such thyristor-type converters
(124, 126) makes possible the use
of supplemental trolley line power
~without provision of separate
switching or control gear to op-
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-1- 2072966
" METHOD AND APPARATUS FOR PROPELLING AND
RETARDING OFF-ROAD HAULERS '

Background and Summag:'

The present invention relates to a method and apparatus for propelling and
retarding diesel electric haulers. Such haulers include very large off-road dump trucks,
typically having a load carrying capacity of 100 to 200 tons or more. They are used
most often in open pit mining operations and other applications where very large
amounts of earth, rock, etc., must be moved.

Many such haulers currently utilize a diesel/electric drive as their power source
to propel the vehicle. Such systems typically are comprised of a prime mover (diesel)

driven electric generator whose prime output 1s used for supplying electric power to
high horse power DC electric motors connected through a gear reduction to a set of

drive wheels on each side of the vehicle. Typically, the electric power i1s generated as
alternating current ("AC") and converted into direct current ("DC") for use by DC
wheel motors. Many control schemes have been designed to regulate the power and
speed of these motors to provide adequate power output to propel the haulers. Since
DC wheel motors require variable voltage from zero to a maximum as vehicle speed
Increases, and a variable current to control torque output, all control schemes must
include means to regulate these parameters.

Propulsion power must be supplied when the haulers operate on level or
upwardly sloping surfaces. When operated on downwardly sloping surfaces, no
propulsion power 1s needed; instead, means must be provided for retarding the forward
progress of the haulers. Friction brakes are not suitable for this purpose, since they
tend to wear out quickly due to the very large mass of these vehicles, especially when
loaded. While friction or similar braking systems are included on the haulers as the
primary stopping means, most such haulers utilize the DC electric wheel motors to
provide the continuous retarding torque required when traveling on a downward slope.
This 1s accomplished either by reversing the wheel motor field current or armature
current, causing the DC motors to reverse torque direction and act as DC generators,
powered through the gear reduction units by the hauler drive wheels. Resistance
sources, called "retard resistors," are used to create a load, so that current generated
by the DC motors is consumed by the resistors and dissipated as heat into the
atmosphere. The amount of current consumed creates a corresponding load on the

DC wheel motors, which is transmitted through the gear reduction units to the drive
wheels as retarding torque. |

Even when operated in the retarding mode, it is necessary on prior art haulers
for the prime mover diesel engines to continue to generate sufficient power to meet
auxiliary and parasitic power requirements on the hauler for such items as driving fans,
powering hydraulic systems, generating field current for the wheel motors, powering the
air conditioning or heating, etc. Also, even an unloaded engine uses fuel to overcome
losses due to compression, friction, and the like. Such auxiliary and parasitic loads and
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engine losses result in substantial consumption of fuel by the engine even when the
hauler 1s operating in a retarding mode in which it is generating, and dissipating to the

atmosphere, substantial quantities of power. ,

In some prior art haulers, such as the Marathon LeTourneau Model T-2000
TITAN truck, means are provided for regenerating at least a portion of the DC power
generated by the DC electric wheel motors when operating in a retarding mode into
the AC power system, so as to relieve all or part of the AC power load on the AC
generator and to drive the AC generator as an AC synchronous motor to provide
power to the engine to relieve all or part of the mechanical engine loads. However,
such systems heretotore have not been capable of supplying the first power generated
by the DC electric drive motors into the AC system or consistently to supply power
into the AC system throughout the retard cycle because of the operational
characteristics of the retard resistors and motor voltage and current limits. Therefore,
even with the best existing designs, it often is necessary to consume fuel to power
engine parasitic and auxiliary loads even while the overall system is dissipating large
amounts of power as heat from the retarding resistors. .

Because of the high cost of fossil fuels, and because of engine horse power
limitations, it also sometimes is desirable to operate off-road haulers and similar
vehicles on trolley systems whereby an external source of electric power, such as a
trolley line, is used to power the electric DC wheel motors. Since the trolley line
power source 1s a fixed voltage source, control means must be implemented to regulate
the voltage and current required by the DC electric wheel motors. Trolley power often
is available for only a portion of the area in which the haulers operate (for example,
trolley power may be available on roads into or out off the mining area, but not within
the floor or other parts of the open pit mine itself). Therefore, it is necessary to
continue to provide on-board diesel electric power for the haulers. The haulers thus
may be propelled by on-board generated power in areas where trolley line power 1s not
available, and switch to trolley line power for other portions of their load cycle. This
requires means for accommodating both on-board generated electric power and fixed
voitage external DC power from the line trolley. This type of operation typically is
reterred to as "trolley-assist” since the trolley line power is available only in certain
locations to assist the hauler operation. |

On existing haulers using trolley-assist, mechanical switching systems are provided
so that the hauler’s DC wheel motors are decoupled from the vehicle’s on-board diesel
electric system and are coupled to, and controlled by, an alternate power control means
which regulates the voltage and current from the trolley line power to the DC wheel
motors. Where trolley line power is not available, the DC wheel motors are recoupled
to the on-board diesel electric system. This creates an "either/or" operating choice and
imposes stringent limitations on operating procedures. The mechanical switching gear
and the alternate voltage and current controls required for trolley operation also add
to capital costs and maintenance costs. Moreover, with existing trolley-assist systems,
even when the hauler is operating on trolley line power, the on-board engine must be
kept running to provide power for auxiliary functions of the vehicle.
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It is, accordingly, a primary object of the present invention to provide a
propelling and retarding system for oft-road haulers in which the initial power
generated in the retarding mode can be regenerated into the AC electric system, to
replace loads otherwise carried by the internal combustion engine. |

Another object is to provide such a system in which essentially all power
requirements for the internal combustion engine and AC power system are met before
any power generated in the retard mode is dissipated through the retarding resistors.

A further object is to provide such a system in which auxiliary line power at
fixed voltage may be fed into the system for powering the DC electric wheel motors
without first decoupling the motors from the on-board diesel electric system.

A further object is to provide such a system which can utilize auxiliary line
power over a wide fixed voltage range, from at least approximately 1,000 to at least
approximately 2,000 volts.

A still further object is to provide such a system in which trolley line power may
be utilized to power the hauler’s DC wheel motors in the propel mode, to meet all
other electrical power requirements for the hauler and to supply power to the internal
combustion engine to relieve all auxihary and parasitic loads on the engine, so as to
eliminate essentlally all tuel requirements for the engine during the periods when trolley
hine power is available.

Briet Description of the Drawings:
These and other objects and advantages of the present invention will be

apparent from the following detailed disclosure and description of the invention and
from the following drawings wherein like numerals indicate like parts and wherein:

Figure 1 is a schematic illustration of a pI‘lOl‘ art system for powering and
‘retarding an off-road hauler;

Figure 2 is a schematic illustration of a system for powering and retarding an
off-road hauler in accordance with the present invention; and .

Figure 3 1s a schematic illustration of an alternate system for powering and
retarding an off-road hauler in accordance with the present invention.

Detailed Description:
Referring now to Figure 1, there is shown in schematic illustration a prior art

system 10 for powering and retarding an off-road hauler such as the Marathon
LeTourneau TITAN truck Model T-2000. In this system, a hydrocarbon fuel
(preferably diesel) powered engine 12 is a prime mover and is coupled through
coupling 14 to a generator 16. The generator preferably 1s an AC three-phase
generator of power capacity matched to the engine 12 in the requirements of the
system. The generator 16 is adapted, when driven by the engine 12 to supply AC
current at a desired voltage (preferably approximately 1,000 volts) into an AC powered
distribution means such as an AC grid system represented by the bold connected lines
18. The system illustrated in Figure 1 is contained entirely on-board the hauler and
1s adapted to operate in two modes: a propel mode in which it provides propelling
torque to the drive wheels of the hauler, to propel the hauler at the desired speed, and

In a retarding mode in Wthh it provides retarding torque to the drive wheels of the
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hauler, so as to slow the forward motion of the hauler on a downwardly sloping
surface.

The generator 16 is also adapted, when the system 10 is operated in a retarding
mode, to receive AC power from the AC power distribution grid 18 and to be driven
as a synchronous AC motor, providing rotational power through the coupling 14 back
to the engine 12.

Although not illustrated in the drawing, the engine 12 in addition to supplying
power to drive the generator 16, also must supply power for various auxiliary items
driven directly from the engine or powered from the AC power grid, such as fan loads,

water and fuel pumps, hydraulic system pumps and the like. The engine 12 also must
supply power to overcome internal loading created by friction, fuel compression and

the like.

Electrically connected to the AC power distribution grid 18 is a voltage regulator
20 which maintains control of the AC voltage in the AC power distribution grid by
regulating the flow of current to the generator field in the rotor section of the AC
generator 16, represented in Figure 1 schematically by the coil 22. The voltage
regulator preferably is a three-phase half wave controlled converter unit of conventional
design.

Also electrically connected to the AC power distribution grid are two thyristor-
type armature converters 24 and 26 which convert AC power into DC power for supply
through DC current lines 28 and 30 to a pair of DC electric wheel motors 32 and 34.
The motors 32 and 34 in turn supply motive torque through drive shafts 36, 38 and
gear reduction units 40, 42 to the hauler drive wheels 44, 46 to propel the hauler.
Typically, one wheel motor will power drive wheels on one side of the hauler and the

other wheel motor will power drive wheels on the other side of the hauler.

The wheel motor armature thyristor converters 24, 26 preferably are three-
phase, tull control, full wave thyristor converter units of conventional design for use in
DC motor drive systems. In such thyristor converters, AC voltage is rectified and
controlled by proper timing of the gating pulses to an array of thyristors. They have
the ability to deliver power from an AC source to a DC load in an infinitely variable
manner from zero to maximum DC volts, and if the DC load becomes a source, as it
does when the system 10 is operated in a retarding mode, the thyristor converters 24,
26 also have the ability to regenerate power back from the DC to AC lines. Most
preterably, the thyristor armature converters 24, 26 are three-phase, full-wave control
rectifier-type, or "six-pulse bridge converters," using six thyristors attached to the three
AC phases in a bridge configuration. This is a type of a two quadrant converter which
delivers power in one direction and can receive power back in the opposite direction.
Such converter’s function in receiving power from the DC side and delivering power
into the AC power grid system is referred to herein as "regenerating" or "regeneration.”

Also electrically connected to the AC power distribution grid 18 is a motor field
converter 58 which converts AC power into DC power for delivery through DC
electrical lines 60 to the motor field windings for the DC wheel motors 32, 34. Such
motor field windings are represented schematically in Figure 1 by electric coils 62, 64.
A DC motor must have both field current and armature current to produce torque.
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The motor field converter 58 also is a thyristor converter of a type well known
to those skilled in the art. Preferably, it is a dual three-phase half-wave controllied
rectifier, or dual three-pulse mid-point converter. It uses three thyristors attached to
the three AC phases to provide load current returned to the neutral in one direction,
and three thyristors attached in the opposite direction to the three AC phases to
provide load current returned in the opposite direction. Since each three-phase
segment can deliver power in one direction, and can receive power back In the
opposite direction (regeneration) this also is called a four quadrant converter. The
reversal of current through the motor fields reverses the direction of motor torque

allowing the total motor system to operate in four quadrants (propel and retard in the
forward direction and propel and retard in the reverse direction).

Also connected across the DC circuits represented by lines 28 and 30 are tWO
sets of retarding resistors, 48, 50 and a pair of retard diodes 52, 54. The retarding
resistors are a plurality of staged, high power DC electric resistors capable of
dissipating large amounts of electrical energy as heat, when the system 10 is operated
in the retarding mode. The resistors are provided with cooling fans (not shown) driven
by DC electric motor 56. A single fan motor 56 may provide power for fans to cool
both sets of retarding resistors 48, 50. The retard diodes 52, 54 serve to block power
to the retarding resistors when the system is operated in the propel mode.

Control of the system 10 is provided by the controller 66 which su1tably 1S
connected by electrical lines 68, 70, 72 and 74 to the voltage regulator 20, field
converter 58 and armature converters 24, 26. The controller may be of any suitable
design. It receives vehicle operator inputs of speed command, direction selection,
propel or retard commands, engine speed and generator power. The controller also
receives system feedback signals representing motor voltage, armature current, motor
field current, generator voltage, engine speed/AC frequency, and motor speed.
Additional operator controls, feedback signals and other control teatures may be
designed into the controller, as desired.

As the control and computation portion of the system, controller 66 provides the
logic, control loops and gating pulses for regulating all the converter outputs. It
consists of arrays and combinations of proportional, integral and denvative (PID)
control circuits, with transform functions described by conventional control system and
feedback theory. These can be implemented by operational amplifier type circuits
(analogue), or transform equations computed by microprocessor circuitry (digital). The
specialty nature of the system controlled, and close integration requirements, lends itself
to custom circuit design rather than utilization of standard available computer and
control systems. Preferably, the control system is based on closed control loops
whereby the response to a commanded level is fed back to the controller 66 to become
part of the control process. The outer or overall loop is the response of the control
system to a vehicle speed commanded by the operator of the vehicle. Within this loop
are sub-loops that control engine speed and generator voltage, and inner loops that
control motor voltage and current parameters that produce motor torque and hence
motor speed. The time constants and transform functions of the control loops are

coordinated for proper timing and response. The main output of the controller 66 is
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the properly timed gating pulses for the various thyristor converters to produce the
required armature, field and retard converter currents and voltages. | o
The system 10 as disclosed may be used either to propel or to retard the off-
road hauler. When operated in the propel mode, the diesel engine 12 is used to drive
the AC generator 16. After the generator 16 is primed, and AC voltage begins to rise,

- the voltage regulator 20 maintains control of the AC voltage by regulating flow of
current to the generator field 22. The controller 66 senses generator voltage and
frequency to maintain proper levels. As the vehicle operator commands vehicle speed
and direction, the controller 66 provides gating pulses to the thyristors of the motor
field converter 58 and motor armature converters 24 and 26. These converters then
provide DC current to the DC wheel motors 32, 34 and motor field winding 62, 64.
Controller 66 maintains the proper torque and speed of the motors 32, 34 by sensing
the various feedback signals measuring the armature current, field currents, motor
voltages and motor speeds and by suitably adjusting the thyristor gatings in the
converters to maintain proper levels. When the retard mode is activated to slow or
stop the hauler, the field converter 58 regenerates the existing field energy back into
the AC power grid 18 and then provides field current in the opposite direction. This
reverses the torque direction and the voltage polarities on the motors 32 and 34, which
then operate as DC generators. Alternatively, the field current could remain
unchanged, and the armature current reversed in each of wheel motors 32, 34, which
also would cause them to operate as DC generators.

With a negative motor voltage, the retard diodes 52, 54 are forward biased and
DC current generated by the motors 32, 34 flows through the retarding resistors 48, 50
where the electrical energy is converted into heat. Fans (not shown) are provided for
blowing ambient air over the resistors, or over heat exchange fins or the like, associated
with the resistors, for dissipating the heat generated. The fans are powered by blower
motor 56, a series wound DC motor which is connected across a portion of the
retarding resistors 48. As retard voltage increases, the speed of fan motor 56 also

Increases, so that more cooling air automatically is supplied across the retarding
resistors 48, 50.

The armature converters 24, 26 can be gated so that a portion of the DC power
generated by the wheel motors is regenerated back into the AC power distribution grid
18. The sum of the power delivered to the retarding resistors 48, 50 and the power
regenerated into the AC grid by the armature converters 24, 26 is the total retarding
load exerted on the hauler drive wheels 44, 46 by the motors 32, 34. AC power
supplied to the AC power distribution grid 18 from the armature converters 24, 26 may
be used to replace AC power consumed by the field converter 58 in establishing the
motor field currents 62, 64, by the voltage regulator 20 in establishing the generator
field 22, and by other AC power loads on the system. Additionally, the AC generator
16 may be controlled to operate, when sufficient AC power 1s available from the
armature converters 24, 26, as a synchronous AC motor driving the engine 12 through
coupling 14, so as to relieve the load imposed on the engine by auxiliary equipment
and by parasitic loads, so as to reduce ‘substantially fuel requirements for the engine.
However, the engine must be kept idling at its operating speed even when operating
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in‘a "no-load" condition so as to maintain proper generator voltage and frequency, and
be available to supply power to the system as needed. |

The level of retarding effort, and distribution of the power generated by the
wheel motors 32, 34, is controlled by the controller 66. However, there are restrictions
on the distribution of generated power during retard operation because the retarding
resistors 48, 50 are a plurality of staged, fixed value resistors and the voltage and
current produced by the motors. 32, 34 are restricted by motor design hmits. The
retarding effort which must be generated mechanically as horsepower in the wheel
motors 32, 34 is electrically a function of voltage times current and mechanically a
function of torque times speed. Commutator design, motor windings, and other
magnetic considerations limit the maximum voltage and the amount of current that can
be commutated (transferred from the brush to the commutator) in the motors. An
increase of motor speed also reduces the allowed current. Theretore, motor current
and voltage limitations are considered when the values of the sets of staged resistors
48, 50 are selected. The resistance values selected are at least a compromise when the
whole motor speed range is considered. At the maximum motor voltage, the resistors
48, 50 establish the armature current, and the motor design establishes an operating
speed that can commutate this current. At this operating speed, all of the current
generated by the wheel motors 32, 34 must flow through the selected resistors in order
to obtain maximum retard effort. If maximum retard effort i1s not needed, motor
voltage can be lowered, reducing current through resistors 48, 50, thus allowing some
motor current to regenerate back to the AC distribution grid 18 through armature
converters 24, 26. This means higher currents and less efficiency for the same retard
effort than if voltage can be maintained at maximum and current reduced. At motor
speeds less than the above mentioned operating speed, regeneration of power 1into
the AC power grid will occur, but only after the selected retarding resistors have
absorbed their maximum load at that voltage. Again, further regeneration can be
accomplished at lower retarding efforts by further lowering motor voltage, but this
means higher currents and less efficiency than when the motors are kept at maximum
voltage. Also, when regeneration does occur, care must be taken not to regenerate
more power than the AC grid can absorb. Conversely, if the wheel motors are
operated at greater than the selected speed, the current must be reduced for good
motor commutation. Voltage must be lowered in order to reduce the current, which
means that the retarding effort is lowered by the square of the required current
reduction rather than as a linear function, which would be the case if voltage could be
maintained at a maximum and only current reduced.

As a result of these limitations, additional current is available for supply through
the converters 24, 26 into the AC distribution grid only at certain levels of retard effort.
At other times, additional fuel may be consumed in the engine 12 to power the engine
for parasitic or auxiliary loads, and to drive the AC generator 16, even though the
system is operating in the retard mode and substantial quantities of electrical current
are being fed to the resistors 48, 50 and dissipated as heat. It would be more efficient
if the first power generated by the motors 32, 34 when operating in a retard mode,

could be fed directly back into the AC line through the converters to replace AC line
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loads and/or engi-?l'é auxiliary and parasitic loads before any power is dissipated through
the retarding resistors. However, this is not possible with any existing hauler power
and control system because of the system operating limitations discussed above.

Reterring now to Figure 2, there is shown an improved hauler propelling and
retarding system 110 in accordance with the present invention which permits the initial
power generated during the retard cycle to be regenerated into the AC grid to relieve
all load on the diesel engine before any power is dumped to the resistors. In the
improved system 110, most components are the same, or substantially the same, as
corresponding parts and components illustrated and described in connection with the
prior art system of Figure 1 and are assigned corresponding numbers, preceded in each
instance by a "1." Thus, the engine 112 in system 110 corresponds to the diesel engine
12 in the prior art system 10, AC generator 116 corresponds to AC generator 16, etc.

In the system 110, the retarding resistors 48, 50 have been removed from the
DC circuits associated with the motors 32, 34, and have been replaced by retarding
resistors 176, which are similar in function and equal in capacity to the combined
resistors 48, 50 of Figure 1. Resistors 176 are connected across a DC circuit
represented by DC power lines 180, 182, which are electrically connected, in turn, to
a retard converter 184. The retard converter 184 is suitably electrically connected to
the AC power distribution grid 118 and, through control line 186, to the controller 166.

The retard converter 184 also is of thyristor type and preferably is a three-phase
full-wave controlled rectifier, using six thyristors attached to the three AC phases in a
bridged configuration, similar in design to the armature converters 124, 126, but having
a suitably increased capacity.

In the propel mode, the system 110 operates in substantially the same manner
as prior art system 10 (Figure 1). AC power generated in AC generator 116, driven
by engine 112, is supplied through the AC grid 118 to thyristor armature converters
124, 126, tor conversion into DC power. Power is supplied to DC wheel motors 132,
134, and 1s transmitted through drive shafts 136, 138, and gear reduction units 140, 142
to the hauler drive wheels 144, 146. During the propel mode, the retard converter is
not activated, so that no power is delivered to the retard resistors.

When the retarding mode is activated, the field converter 158 regenerates the
existing field energy back into the AC grid and then provides field current in the
opposite direction. This reverses the motor torque, and the DC wheel motors 132, 134
will operate as DC generators, powered by the hauler drive wheels 144, 146.
Alternatively, rather than reversing the field current, the armature current in wheel
motors 132, 134 could be reversed by using dual armature converters in place of
armature converters 124, 126. The armature converters 124, 126 are gated so that

power is regenerated into the AC line. The amount of retard energy generated is
regulated by the controller 166 to maintain the commanded vehicle speed. Since the

retarding resistors no longer are present across the DC motor circuits 128, 130, all
power generated by the motors is regenerated through the thyristor type converters into

the AC power distribution grid 118. The regenerated energy is used first to supply
power for any other AC line loads, such as field converter 158 and voltage regulator

120. This unloads the AC generator 116 and reduces the consumption of fuel by the
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engine 112. As additional generated power is available from the wheel motors 132,
134, power is supplied to the AC generator 116, causing it to operate as a synchronous
AC motor driving the engine 112. This fully unloads the engine 112, since power from
the generator 116 is available to supply all auxiliary and parasitic power requirements
for the engine 112, reducing fuel usage to essentially zero. At this point, any additional
power generated by the wheel motors 132, 134 will be supplied through AC distribution
grid 118 to the retard converter 184 for conversion into DC power and consumption
in the retarding resistors 176. As with the Figure 1 system, fan motor 156 supplies
power to cooling fans (not shown) to dissipate the generated heat into the atmosphere.
Controller 166 senses the amount of regenerated retard energy supplied into the -
AC circuit, engine rpm and AC generator frequency and voltage, as well as other
relevant drive motor parameters, so as to properly control overall operation of the
system. The presence of the thyristor-type retard converter 184 connected to the AC

power system allows an infinitely variable dump of excess retard energy to the retarding
resistors 176. Since the armature converters 124, 126 permit all retard energy

generated by the motors 132, 134 to be regenerated into the AC line, the motors 132,
134 can be operated at maximum voltage limits and current limits throughout their
entire speed range, providing maximum possible torque and horsepower for the retard
function. This eliminates operating limitations imposed by prior art systems having
staged, fixed capacity, retarding resistors connected across the drive motor DC circuits.

The system 110 also is adapted to receive and utilize DC electrical line power
from a source external to the hauler, such as from conventional twin overhead DC
trolley lines.- As shown in phantom lines in Figure 2, an optional trolley unit 188 may
be added to the hauler and includes means, such as a panograph or trolley poles
illustrated schematically at 190, which are selectively engagable with a DC trolley line.
The trolley unit 188 also includes means for electrical connection into the DC side of
retard converter 184 through DC lines 180, 182. Retard diode 178 is added in line
with retarding resistors 176. The trolley unit is adapted for connection at a voltage
polarity opposite to that normally exerted across the retarding resistors 176, so that
power diode 178 automatically is reverse biased and isolates the retard resistors 176,
preventing trolley line power from being fed into the resistors.

In locations where trolley line power is available, the line power connection
means 190 may be actuated by the vehicle operator, or by suitable automatic means,
to connect the system 110 to trolley line power. When the controller 166 senses that
the trolley unit 188 is on line, the thyristors in retard converter 184 (now functioning
as a combination trolley/retard converter) are gated so that power is regenerated into
the AC power distribution grid 118. The regenerated power is used to supply all AC
power requirements of the hauler in the propel mode, including the power
requirements for drive motors 132, 134, field converter 158 and voltage regulator 120.
Additional AC power from the retard converter 184 then is available to drive AC
generator 116 as a synchronous motor to relieve all loads on the engine 112, reducing
engine fuel usage to essentially zero. Controller 166 will continue to regulate the
voltage regulator 120 to maintain desired system voltage.
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In the system 110, power may be supplied into the AC power grid
simultaneously from the trolley unit 188 through converter 184 and from the AC
generator 116 driven by engine 112. Therefore, it is not necessary to disconnect or
disable the diesel/electric on-board power generation system prior to connecting to
external trolley line power. As trolley line power becomes available, it automatically
will replace AC power from the AC generator to reduce and, ultimately, eliminate, the
load on engine 112. Conversely, as the hauler leaves an area where trolley line power
is available, the line power connection means 190 will disengage and power will cease
to be supplied into the AC system from the trolley unit. The controller 166 will sense
the loss of trolley unit power and automatically will supply additional fuel to engine 112
to generate necessary propelling power through the AC generator 116. All of this is
accomplished without the use of complex electrical switching gear or a separate control
system for regulating the voltage and current from the trolley line power to the DC
drive motors 132, 134.

With the system of Figure 2, the maximum trolley line voltage should not be
substantially greater than the maximum voltage normally generated into the AC
distribution system 118 by generator 116 for proper operation of the thyristors. In

approximate numbers, the DC voltage exerted across each of the DC electric wheel
motors 132, 134, by the armature converters 124, 126 is the same as the AC voltage.

For DC electric wheel motors designed to operate at a maximum of approximately
1,000 volts, the system as shown in Figure 2 would be suitable for use with trolley line
power only up to approximately 1,000 volts. A number of trolley-assist installations
exist in mines around the world which utilize 1,000 to 1,200 volt DC trolley line power
provided as a supplemental power source to diesel electric haulers operating on uphill
grades. For such installations, a power and retard system substantially as shown in
Figure 2, and utilizing 1,000 volts electric drive motors would be suitable and would
provide substantial advantages over prior art systems.

Other trolley-assist installations, however, generate trolley line voltage in the
2,000 to 2,200 volt range, and would not be suitable for use with haulers having 1,000

voit DC wheel motors connected in parallel as shown in Figure 2. Theretfore, in an
alternate embodiment of the invention, a method and apparatus are provided for
propelling and retarding off-road haulers which may utilize supplemental troliey line
power over a wide DC voltage range of from about 1,000 to about 2,200 volts. This
embodiment, illustrated in Figure 3, comprises a system 210 having many of the same
components as the 110 system illustrated in Figure 2. Corresponding parts and
function are indicated by a corresponding numbering system in which the first digit of
each component number has been changed from a "1" to a "2." Thus, engine 212 in
Figure 3 is substantially the same as internal combustion engine 112 in Figure 2, AC
generator 216 is substantially the same as AC generator 116, etc.

In system 210, the AC generator 216 is adapted to generate approximately 2,000
volts of AC current which the thyristor-type armature converter 224 will convert into
a similar voltage DC current for feed to the DC wheel motors 232, 234. However,
since the drive motors 232, 234 are connected in series, each will see only about 1,000
volts maximum, permitting the use of conventional 1,000 volt hauler wheel motors.
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With this configuration, the trolley umt 228 may utiize DC line current of up
to approximately 2,000 to 2,200 volts. Since the trolley/retard converter 284 will
regenerate any lower voltages of DC current supplied from the trolley unit into the AC
power grid at a desired higher voltage (e.g., 2,000 volts), the system also may be used
with existing 1,000 volt DC trolley line power without any change in the hauler
propelling and retarding system. |

With both the drive motors 232, 234 and motor fields 262, 264 in series, each
of the motors 232, 234 will deliver substantially equal torque to the hauler drive wheels
244, 246. In some instances, such as slippery road conditions, it may be desirable for
the drive wheels on one side of the hauler to deliver lesser torque than those on the
other, in order to control wheel slippage. If desired, this object can be accomplished
by incorporating into the system 210 an additional thyristor-type field converter 292 of
the same design as field converter 258. Field converter 292 may be suitably electrically
connected into the AC power distribution grid as shown, and connected to controller
266 as by control line 294. An additional DC current line 296 connects the second
tield converter 292 to the second field winding coil 264, with each of the field winding
coils 262 and 264 being separately grounded as shown. Controller 266 then may be
used to gontrol independently the current fields for motors 232 and 234 so as to adjust,
individually, the amount of propelling or retarding torque generated by each motor.

The operation and advantages of the propelling/retarding system 210 are
substantially the same as described in connection with that for system 110 as shown in
Figure 2, except that the trolley unit 288 automatically can accept trolley line voltages
of from about 1,000 to about 2,200 volts without the necessity for any rewiring,
switching or other change in the system. The AC generator voltage automatically will
be maintained at the desired level of 2,000 volts AC by the operation of the voltage
regulator 220. Higher AC voltage generators also could be incorporated into the |
system, giving a proportionally higher trolley line voltage maximum range.

The foregoing disclosure and description is illustrative only, and various changes
may be made in the configuration, operation and control of the system, without
departing from the scope of the invention as set forth in the appended claims. For
example, as will be-apparent to those skilled in the art, a thyristor type converter could
be used to supply power into the AC distribution power grid from an external DC line
power source regardless of whether the external line power is supplied through the
retard converters as illustrated in Figures 2 or 3, or whether the line power 1s supphed
through a separate trolley converter dedicated to the trolley umit. Thus, prior art
systems such as shown in Figure 1 could be modified, or existing haulers retro-fitted,
tor trolley assist usage by addition of trolley power connection means connected ints
the AC power grids through thyristor-type converters. The operational advantages of
supplying trolley line power into the AC distribution grid through a thyristor type
converter will be obtained regardless of whether the retarding resistors are connected
to the AC power grid, as shown in Figures 2 and 3, or to the DC motor lines, as
illustrated in Figure 1. Further, if .the Figure 1 prior art system was modified to
receive trolley line power through a thyristor-type converter at 2,000 volts, it will be
apparent from the foregoing disclosure and description of the present invention that
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the wheel motors 32, 34 in the prior art system could be placed in series and other
components modified so as to accommodate approximately 2,000 volts of AC power
in the AC power grid 18. All such modifications and variations on the propelling and
retarding systems disclosed, as well as others which will be apparent to those skilled in

the art, are considered to be within the scope of the present invention.
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original claims 1, 5, 6, 7, 16 and 17 amended;
other clalms unchanged' |
new claims 26-38 added (9 pages)]

1. A system for propelling an off-road hauler, said system comprising:

an internal combustion engine;

AC generator means adapted to be driven by said engine to generate AC
electric powers; '

AC power distribution means electrically connected to said AC generator means
and comprising means for distributing AC electric power generated by said generator
means; '

voltage regulator means electrically connected to said AC power distribution
means and comprising means for regulating the voltage of said AC electric power;

DC wheel motor means on said hauler and adapted to deliver propelling power
to a drnive wheel of said hauler;

armature thyristor converter means electrically connected to said AC power

distribution means and said DC wheel motor means and adapted to receive AC electric
power from said AC power dlstnbutlon means and to dehiver DC electric power to said

DC wheel motor means;

field current generating means associated with said DC wheel motor means and
comprising means for generating a DC current field for said DC wheel motor means;

field current thyristor converter means electrically connected to said AC power
distribution means and said field current generating means and comprising means for
receiving AC power from said AC power distribution means and supplying DC power
to said field current generating means;

line power connection means on said hauler for selectively connecting said
systemn to DC line power from a source external to said hauler;

line power thyristor converter means electrically connected to said line power
connection means and said AC power distribution means and comprising means for
receiving DC electrical power from said line power connection means and supplying AC
electrical power to said AC power distribution means; and |

control means electrically connected to said voltage regulator means, armature
thyristor converter means, field current thynstor converter means and line power
thyristor converter means and comprising means for controlling the operation of said
voltage regulator means, armature thyristor converter means, field current thyristor
converter means and line power thyristor converter means;

whereby said off-road hauler may be propelled by one of (1) power generated
on-board by said AC generator means, (2) DC line power from said source external
to said hauler and (3) by power supplied simultaneously by both said AC generator
means and said DC line power from said source external to said hauler, without the
necessity for electrical switching apparatus for switching between said power generated
on-board and said DC line power.

2. The system according to claim 1 wherein said AC generator means is
adapted, when said system is supplied with electrical power from said source external
to said hauler, to act as an AC electric motor to deliver power to said engine, whereby
said DC line power from said source external to said hauler may be utilized to
substantially eliminate loading on said engine so as to substantially reduce fuel
consumption by said engine.

3. The system according to c]aun 1 wherem sald armature thyristor converter
means comprses a single armature thyrstor converter connected to said AC power
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distribution means and wherein said DC wheel motor means comprise a pair of DC
- wheel motors connected in series to the DC side of said armature thyristor converter.

4, The-system according to claim 3 wherein said field current thyristor
converter means comprise a pair of field current thyristors connected to said AC power
distnibution means and wherein said field current generating means comprise a pair of
field current coils, each of said field current coils being electrically connected to one
of said field current thyristors and associated with one of said pair of DC wheel motors
connected in series, whereby each of said field current thyristor converters may be
controlled independently by said control means to thereby control independently the
field current in each of said field current coils and the amount of torque generated by
each of said pair of DC wheel motors.

. In a system for propelling an off-road hauler of the type in which an
internal combustion engine drives an AC generator to produce AC current, an AC grid
electrically connected to said AC generator distributes said AC current, a first thyristor-
type converter electrically connected to said AC grid and a DC electrical wheel motor
receives AC power from the AC power distribution grid and delivers DC power to said
DC electric wheel motor which, in turn, delivers motive power to a drive wheel for said
hauler, the improvement comprising: ‘

line power connection means on said hauler for selective electric connection to
DC power from a source external to said hauler; and

a second thyristor-type converter electrically connected to said line power
connection means and said AC grid, said second thyristor-type converter comprising
means for receiving DC power from said line power connection means and delivering
AC power to said AC grid; |

whereby electrical power from said source external to said hauler may be used
to replace AC power supplied by said AC generator, to thereby reduce fuel
consumption by said internal combustion engine, without electrically disconnecting said
AC generator from said AC grid and without using electrical switching apparatus for
switching between AC power supplied by said AC generator and DC power supplied
from said line power source external to said hauler.

6. The system according to claim 5 wherein said line power connection

means comprise means for electrically connecting said hauler to an overhead DC trolley
line.

7. A system selectively operable in propel and retarding modes for,
selectively, propelling and retarding an off-road hauler, said system compnsmg

an internal combustion engine;

AC generator means mechanically connected to said engine and adapted, when
said system is operated in said propel mode, to be powered by said engine to generate
AC electric power and adapted, when said system is operated in said retarding mode,
to act as an AC electric motor and to deliver power to said engine;

AC power distribution means electrically connected to said AC generator means
and adapted, when said system is operated in said propel mode, to distribute AC
electric power generated by said generator means and adapted, when said system is
operated in said retarding mode, to deliver AC electric power to said generator means;

voltage regulator means electrically connected to said AC power distribution

means, said voltage regulator means comprising means for regulating the voltage of said
AC electric power;
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DC wheel motor means on said hauler and adapted, when said system is
operated in said propel mode, to deliver propelling torque to a drive wheel of said
hauler and adapted, when said system 1s operated in said retarding mode, to act as a
DC generator, receiving motive power from said drive wheel of said hauler and
generating DC electric power to thereby exert retarding torque on said drive wheel;

armature thyristor converter means electrically connected to said AC power -
distribution means and said DC wheel motor means and adapted, when said system is
operated in said propel mode, to receive AC electric power from said AC power
distribution means and to deliver DC electric power to said DC wheel motor means
and adapted, when said system is operated in said retarding mode, to receive DC
power generated by said DC wheel motor means and to deliver AC electric power to
said AC power distribution means;

field current generating means associated with said DC wheel motor means, said
field current generating means comprising means for generating a DC current field for
said DC wheel motor means; _

field current thyristor converter means electrically connected to said AC power
distribution means and said field current generating means, said field current thyristor
converter means comprising means for receiving AC power from said AC power
distribution means and supplying DC power to said field current generating means;

means associated with said DC wheel motor means for selectively causing said
DC wheel motor means to act as a motor when said system is operated in said propel
mode and to act as a DC generator when said system 1s operated in said retarding
mode;

retarding resistor means adapted, when said system is operated in said retarding
mode, to consume electric power generated by said DC electric wheel motor means;

retarding resistor thyristor converter means electrically connected to said AC
power distribution means and said retarding resistor means, said retarding resistor
thyristor converter means comprising means for receiving AC electric power from said
AC power distribution means and supplying DC electric power to said retarding resistor
means; and |

control means electrically connected to said voltage regulator means, armature
thyristor converter means, field current thyristor converter means and retarding resistor
thyristor converter means, said control means comprising means for controlling the
operation of said voltage regulator means, armature thyristor converter means, field
current thyristor converter means and retarding resistor thyristor converter means to
thereby control the direction and amount of propelling and retarding torque exerted
by said DC wheel motor means;

whereby, when said system is operated in said retarding mode, electric power
generated by said DC wheel motor means .may be used first to reduce the power
requirements for said internal combustion engine, with excess electric power generated
by said DC electric wheel motor means being supplied to said retarding resistor means.

8. The system according to claim 7 comprising additionally line power
connection means for selectively connecting said system to DC line power from a
source external to said hauler and for supplying said external DC line power to the DC
side of said retarding resistor thyristor converter means, whereby DC line power from
said external source may be converted to AC electric power by said retarding resistor

thyristor converter means and supplied to said AC power distribution means to replace

PCT/US90/06712
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AC power generated by said AC generator and to reduce the power requ1rements for
said internal combustion engine.

9. The system according to claim 8 wherein said line power connection
means is connected into said system at a DC voltage opposite in polarity to that
normally existing across said retarding resistor means and comprising additionally a
power diode connected In said system between said line power connection means and
said retarding resistor means, whereby when said external DC line power is connected
to said system through said line power connection means, said opposite polarity of said
DC line power will reverse bias said power diode and block said DC line power from
feeding into said retarding resistor means, while permitting said DC line power to feed
into said retarding resistor thyristor converter means for conversion to AC power.

10.  The system according to claim 7 wherein said means for selectively
causing said DC wheel motor means to act as a motor when said system is operated
in said propel mode and to act as a DC generator when said system is operated in said
retarding mode comprises means for selectively reversing said DC current field.

11.  The system according to claim 7, 8, 9 or 10 wherein said armature
thyristor converter means comprises a single armature thyristor converter connected to
said AC power distribution means and wherein said DC wheel motor means comprise
a pair of DC wheel motors connected in series to the DC side of said armature
thyristor converter.

- 12. The system according to claim 11 wherein said field current thyrlstor

converter means comprises a single field current thyristor converter and wherein said
field current generating means comprise a pair of field current coils connected in series

to the DC side of said field current thyrnistor converter and in association with said pair
of DC electric wheel motors, whereby said DC electric wheel motors will operate to
deliver substantially equal amounts of propelling torque when said system is operated
in said propel mode and will generate substantially equal amounts of retarding torque
when said system is operated in said retard mode. |

13.  The system accordmg to claim 11 wherein said field current thynstor
converter means comprise a pair of field current thyristor converters connected to said
AC power distribution means and wherein said field current generating means comprise
a pair of field current coils, each of said field current coils being electrically connected
to one of said field current thyristor converters and associated with one of said pair of
DC wheel motors connected in series, whereby each ‘of said field current thyristor
converters may be controlled independently by said control means to thereby control
the amount of current in each of said field current coils so as to control independently
the amount of torque generated by each of said pair of DC wheel motors.

14. The system according to claim 7, 8, 9, or 10 where in said armature
thyristor converter means comprise a plurality of armature thyristor converters
connected in parallel to said AC power distribution means and wherein said DC wheel
motor means comprise a plurality of DC wheel motors, each of said DC wheel motors

being electrically connected to one of said armature thyristor converters.
15.  The system according to claim 7 wherein said retarding resistor means

comprise a plurality of staged resistors adapted to convert excess electrical power
generated in said system into heat and comprising addltlonally means for dissipating the

heat produced by said resistors.
16. A system for selectively propelling and retarding an off-road hauler, said

system comprising:
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2 0 7 2 9 6 Ban internal combustion engine;

an AC generator mechanically connected to said engine;

‘an AC power distribution grid electrically connected to said AC generator;

a voltage regulator electrically connected to said AC power distribution grid for
regulating the voltage of AC electric power in said AC power distribution grid,;

| an armature thyristor converter electrically connected to said AC power

distribution gnd;

a DC electric wheel motor electncally connected to said armature thyristor
converter;

a drive wheel for said off-road hauler mechanically connected to said DC electric
wheel motor; .

an electrical coil associated with said DC electric wheel motor for generating a -
DC current field for said DC electric wheel motor; |

a-field current thyristor converter electrically connected to said coil and to said -
AC power distribution grid; ’

a plurality of retarding resistors for dissipating excess electrical power generated
in said system;

a retarding resistor thyristor converter electrically connected to said plurality of
retarding resistors and electrically connected to said AC power distribution grid and

a controller for controlling the operation of said voltage regulator, armature
thyristor converter, field current thyristor converter and retarding resistor converters;

whereby said system may be operated in a propel mode in which said internal
combustion engine drives said AC generator to produce AC power for supply to said
AC power distribution grid, said armature thyristor converter converts AC power to DC
power for said DC electric wheel motor, and said DC wheel motor exerts a desired
propelling torque on said drive wheel; and whereby said system also may be operated
in a retarding mode in which the direction of current in one of said DC current field
and said DC electric wheel motor is reversed in polarity, said drive wheel of said
hauler powers said DC electric wheel motor, causing said DC electric wheel motor to
generate DC electrical power which is converted by said armature thyristor converter
to AC electrical power and supplied to said AC power distribution grid, said AC
generator is powered by AC power from said AC power distribution grid, causing said
AC generator to operate as an AC motor, driving said internal combustion engine, so
as to reduce the fuel requirements for said engine and excess AC electrical power
generated by said DC electric wheel motor is converted to DC electrical power by said
retarding resistor thyristor converter and is consumed by said retarding resistors and
dissipated as heat.

17.  The system according to claim 16 comprising additionally;

line power connection means selectively engageable with a source of DC line

power external to said hauler and electrically connected to the DC side of said
retarding resistor thyristor converter, whereby electrical power from said external source

selectively may be supplied to said AC power distribution grid of said system without
electrically disconnecting said AC generator from said AC power distribution grid and
without using electrical switching apparatus for switching between AC power supplied
by said AC generator and DC power supplied from said external source.

18.  The apparatus according to claim 16 comprising additionally a power
diode electrically connected in said system between said line power connection means
and said retarding resistors and wherein said line power connection means is adapted
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to supply saild DC line power from said external source to said system in a polarity
opposite to that normally supplied to said retarding resistors, whereby said power diode
automatically wittprevent said DC line power from being supplied to said retarding
resistors.

19. The system according to claim 16, 17 or 18 wherein two DC electric
wheel motors and two armature thyristor converters are provided, each wheel motor
being connected to a drive wheel of said hauler and to an armature thyristor converter,

with said armature thyristor converters being connected in parallel to said AC power
distribution system, whereby each of said DC electric wheel motors may operate at a
maximum voltage approximately equal to the maximum voltage supplied by said AC
generator.

20.  The system according to claim 16, 17 or 18 wherein a pair of DC electric
wheel motors are provided, each said DC electric wheel motor being connected to a
drive wheel of said hauler and wherein said pair of DC electric wheel motors are
electrically connected in series to a single armature thyristor converter, whereby each
of said DC electric wheel motors may operate at a maximum voltage equal to
approximately one-half of the maximum voltage supplied by said AC generator.

21.  The system according to claim 20 wherein said field current thyristor
converter comprises a single field current thyristor converter and wherein said electrical
coill comprises a pair of field current coils connected in series to the DC side of said
field current thyristor converter and in association with said pair of DC electric wheel
motors, whereby said DC electric wheel motors will operate to deliver substantially
equal amounts of propelling torque when said system is operated in said propel mode
and will generate substantially equal amounts of retarding torque when said system is
operated 1n said retard mode.

22.  The system according to claim 20 wherein said field current thyristor
converter comprises a pair of field current thyristor converters connected in parallel to
said AC power distribution grid and wherein said electrical coil for generating a DC
current field comprises a pair of such electrical coils, each of said pair of electrical coils
being electrically connected to one of said field current thyristor converters and
associated with one of said pair of DC wheel motors connected in series, whereby each
of said field current thyristor converters may be controlled independently by said
control means to thereby control the amount of current in each of said electrical coils
to control independently the amount of torque generated by each of said pair of DC
wheel motors.

23. A method for operating an electrically-powered off-road hauler utilizing,
selectively, electrical power generated on board said hauler and electrical power from
an external source, said method comprising the steps of:

operating an internal combustion engine on board said hauler as a prime mover;

driving an AC generator from said engine to generate AC electrical power at
a desired voltage;

supplying AC power from said AC generator to an AC power distribution

means;

supplying AC power from said AC power distribution means to at least one
armature thyristor converter;

converting AC power to DC power in said armature thyristor converter;

supplying DC electrical power from said armature thyristor converter to at least
one DC wheel motor;
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powering at least one drive wheel of said hauler from said DC wheel motor;
selectively supplying DC line power from said external source to another
thyristor conver®®r on board said hauler;

converting DC power from said external source to AC power in said other
thyristor converter; |

supplying AC power from said other thyristor converter to said AC power
distribution means; and

utilizing AC power supplied to said AC power distribution means from said
external source to power said DC wheel motor, so as to replace AC power generated
by said AC generator, and reduce fuel consumption by said internal combustion engine.

24. The method according to claim 23 comprising additionally the steps of:

utilizing AC power supplied to said AC power distribution means from said
external source to drive said AC generator as an AC motor; and

powering said internal combustion engine from said AC generator operating as
an AC motor, so as to reduce further the fuel consumption by said internal combustion
engine.

25. The method according to claim 23 comprising additionally the steps of:

establishing a current field of desired polarity for said wheel motor;

selectively reversing the polarity of said current field when it is desired to retard
the forward motion of said hauler to thereby cause said DC wheel motor to operate
as a DC generator;

powering said DC wheel motor from said drive wheel of said hauler to generate
DC electrical power;

supplying said DC electrical power generated by said DC wheel motor to said
armature thyristor converter;

converting said DC electrical power to AC electrical power in said armature
thyristor converter;

supplying AC power from said armature thyristor converter to said AC power
distribution means;

utilizing said AC electrical power from said armature thyristor converter to drive
said AC generator as an AC electric motor to thereby supply power to said internal
combustion engine and reduce the fuel requirements for said internal combustion
engine;

supplying additional AC power from said armature thyristor converter to
electrical resistors for conversion to heat; and

dissipating the heat generated by said electrical resistors;

whereby the forward motion of said hauler may be retarded.
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26. An electrical propulsion and distribution system for a vehicle, comprising:

arAC grid; T

an AC generator coupled to sald AC grid, and adapted to be coupled to
an internal combustion engine;

a trolley converter, having DC terminals, having a control input, and
having AC terminals coupled to said AC grid, for inverting DC power applied to said
DC terminals and applying the inverted DC power to said AC grid responsive to
control signals received at the control input of said trolley converter;

a DC motor, having a field coil and an armature;

a field converter for applying power from said AC grid to the field coil
of a DC motor responsive to signals received at a control input;

an armature converter for applying power from said AC grid to the
armature of a DC motor responsive to signals received at a control input; and

a controller, having outputs coupled to the control input of said trolley
converter, to the control input of said field converter, and to the control input of said
armature converter, said controller also having an input for sensing DC power applied
to said DC terminals of said trolley converter, said controller for controlling said field
converter and said armature converter to apply power from said AC grid to said field
coil and armature, respectively, and for gating said trolley converter in such a manner
to apply the inverted DC power to said AC grid simultaneously with said AC generator
applying AC power to said AC grid.

- 27. The system of claim 26, wherein said controller has inputs-for receiving
speed command, armature power, and field coil power parameters, so that said
controller 1s also for controlling said trolley converter in such a manner that, responsive
to said field coil and armature converters applying sufficient power from said AC grid,
said AC grid powers said AC generator as a synchronous motor.

28. An electrical propulsion and distribution system for a vehicle, comprising:
an AC grid;

an AC generator coupled to said AC grid, and adapted to be coupled to
an internal combustion engine;

a trolley converter, having DC terminals, having a control input, and
having AC terminals coupled to said AC grid, for inverting DC power applied to said
DC terminals and applying the inverted DC power to said AC grid responsive to
control signals received at the control input of said trolley converter;

a DC motor, having a field coil and an armature;

a field converter for applying power from said AC grid to the field coil
of a DC motor responsive to signals received at a control input;

an armature converter for applying power from said AC grid to the
armature of a DC motor responsive to signals received at a control input;

a retard load connected across said DC terminals; and

a controller, having outputs coupled to the control input of said trolley
converter, to the control input of said field converter, and to the control input of said
armature converter, said controller also having an input for sensing DC power applied
to said DC terminals of said trolley converter, said controller for controlling said field
converter and said armature converter to apply power from said AC grid to said field

coill and armature, respectively, and for gating said trolley converter in such a manner
to apply the inverted DC power to said AC grid;
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wherein said controller, in a retard mode, is also for controlling said field coil
converter to apply reversed current to the field coil so that said armature converter
applies power ¢#e~said AC grid i such a manner that said AC grid powers said AC
generator as a synchronous motor, and for controlling said trolley converter in such a
manner that said retard load receives power from said AC grid.

29. The system of claim 28, wherein said retard load comprises a resistor and
a diode connected in series between said DC terminals in such a manner that said
diode is reverse biased when DC power is applied to said DC terminals.

30. An electrical propulsion and distribution system for a vehicle, comprising:

an AC grid;

an AC generator coupled to said AC grid, and adapted to be coupled to
an internal combustion engine; ‘

a trolley converter, having DC terminals, having a control input, and
having AC terminals coupled to said AC grid, for inverting DC power applied to said
DC terminals and applying the inverted DC power to said AC grid responsive to
control signals received at the control input of said trolley converter;

a DC motor, having a field coil and an armature;

a field converter for applying power from said AC grid to the field coil
of a DC motor responsive to signals received at a control input;

an armature converter for applying power from said AC grid to the
armature of a DC motor responsive to signals received at a control input;

a retard load connected across said DC terminals; and

a controller, having outputs coupled to the control input of said trolley
converter, to the control input of said field converter, and to the control input of said
armature converter, said controller also having an input for sensing DC power applied
to said DC terminals of said trolley converter, said controller for controlling said field
converter and said armature converter to apply power from said AC grid to said field
coll and armature, respectively, and for gating said trolley converter in such a manner
to apply the inverted DC power to said AC grid;

wherein said controller, in a retard mode, is also for controlling said armature
converter to apply reversed current to the armature and to apply power to said AC
grid in such a manner that said AC grid powers said AC generator as a synchronous

motor, and for controlling said trolley converter in such a manner that said retard load
receives power from said AC grid.

31. The system of claim 30, wherein said retard load comprises a resistor and
a diode connected in series between said DC terminals in such a manner that said
diode is reverse biased when DC power is applied to said DC terminals.

32. The system of claim 26, wherein said trolley converter comprises a three-
phase full-wave controlled thyristor rectifier.

33. A method of operating an electrical propulsion and distribution system
for a vehicle, said vehicle comprising an internal combustion engine, an AC generator
for generating AC power from said engine and applying the same to an AC grid, a
trolley converter coupled to said AC grid and to DC terminals at which external DC
power 1s received, and an electrical propulsion motor coupled to said AC grid via a
motor converter, comprising:

sensing DC power applied to said DC terminals;

inverting said DC power applied to said DC terminals into AC power
with said trolley converter;
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gating said trolley converter to apply said inverted DC power to said AC

grid; and
, pQering said electrical propulsion motor with said inverted DC power.
34, The method of claim 33, wherein said gating step applies said inverted
DC power to said AC grid in combination with AC power from said AC generator;
and wherein said powering step powers said electrical propulsion motor with said
inverted DC power in combination with the AC power from said AC generator.
35. The method of claim 33, further comprising:

powering said AC generator as a synchronous motor with said inverted
DC power.

36. The method of claim 33, further comprising:
activating a retard mode by controlling said motor converter so that
power is supplied to said AC grid by said motor to power said AC generator as a
synchronous motor; and connecting a retard load to the AC grid during said retard
mode, to dissipate energy in excess of that provided to said AC generator by said
motor.

37. The method of claim 36, wherein said connecting step connects said
retard load across said DC terminals.

SUBSTITUTE SHEET
|PEA/US

-28/1-




02072966 1997-11-20

CA

ce o '-‘ - - .‘-..
.;".'"'!--’a._lté i'g?‘vﬂ‘ -

[PEA/US

1/3

03

01
/‘
9¢
. ~0G | ¥3LY3ANOD
FUNLYNYY
45| K-

_~8% | ¥3L¥3IANOD

JANLVINYY
Y~25| -
74
M3LYIANOD

(JEIE

8 lﬂul

(IYV ¥0Idd)
[ Old

S

[
yITI0MLNOD b 37
89
MOLVHINID OV

B ” \f&.ﬂ.é d
8l N\ =
2! JOLYINI3Y z

JOV110A

—f 07

SUBSTITUTE SHEST

?D‘:-’* /1!

¢ q .
-



02072966 1997-11-20

CA

ANIT AJTI0NL O

061~J Y ~061 (81
+
ol LINN
AJTI04L
03 a9 | 081
i
- 9 eyl 0¢1 971
IO _Ig
| —a Vel
8¢ |
| 0C 1
A
e Ay
Q7| vl
091 qQC|

~ ¥3143ANOD
QYVL3¥/AITIONL

431 33ANOD

<

4314 3IANOD
(JEIE

T

¢ A

9Bl ¥/i

A
RUVRY || ———— wTTI0MINog |~ 99!
891
HOLVY
43LYIANOD D

ANIT JV

Pl
g1l \ -

4O1VINI3Y cel

JOV1ITI0A
-

TINLYAYY (3 —
o .— o f& INIONI 71 |

0¢l

SUBSTITUTE SHEET

IPEA/US



02072966 1997-11-20

CA

06¢

88¢

INIT AJT10d1 OL

+

LINN
AJT104L

v8C
43LYIANOD . & Old

QyVLI¥/AIT0NL

06¢

8¢

431 ¥IANOD
TYNLYNYY S
yITI0MNOD b 93¢

SUBSTITUTE SHEET
(PEA/US

_
_
_
_
.
|
_ YALY3IANOD “ HOLVYIN39 IV
F |09¢ EIE 4
_ Be
“ 09¢ A
! 8G¢C m “
“ f—— == R
| - (VNOILdO) P} ] JOLYINORY
| - YALYIANOD 1 1| JOVL0A
L o @mEd T
]
_
_
.
J



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings

