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Method and Apparatus to Eliminate Fuel Use for Electric Drive Machines During
Trolley Operation

Technical Field

The present disclosure relates generally to the operation of electric

drive machines, and more particularly, to systems and methods that eliminate fuel

consumption during trolley operation and dynamic braking.

Background

Electric drive systems for machines typically include a power

circuit that selectively activates at least one motor at a desired torque. The motor

is typically connected to a wheel or other traction device that operates to propel

the machine. An electric drive system includes a prime mover, for example, an

internal combustion engine that drives a generator. The generator produces

electrical power that is used to drive the motor. When the machine is propelled,

mechanical power produced by the engine is converted to electrical power at the

generator. This electrical power is often processed and/or conditioned before

being supplied to the motor. The motor transforms the electrical power back into

mechanical power to drive the wheels and propel the vehicle. Some machines

having an electrical drive system that utilizes an external source of power during

certain modes of operation. Such a machine for example may be an electric drive

mining truck. When such a machine is propelled fully loaded and connected to a

trolley system, power is fed to the propel motors and converted to mechanical

power to drive the machine.

The machine is retarded in a mode of operation during which the

operator desires to decelerate the machine. To retard the machine in this mode,

the power from the engine is reduced. Typical machines may also include service

brakes and other mechanisms for retarding to decelerate and/or stop the machine.

As the machine decelerates, the momentum of the machine is transferred to the

motor via rotation of the wheels. The motor acts as a generator to convert the



kinetic energy of the machine to electrical energy that is supplied to the drive

system. This electrical energy is typically dissipated (wasted) across an electrical

grid, stored in chargeable cells such as batteries or capacitors for later use, or

partially used to power auxiliary components such as blowers for cooling

retarding grids.

Some machines, such as some hybrid machines, are configured to

store the electrical energy provided by the motor during a retarding mode of

operation in energy storage devices or batteries for later use. The stored energy is

used to power auxiliary devices and/or drive motors during idling or propel modes

of operation so as to minimize engine involvement and reduce fuel consumption.

Although such storage configurations may reduce fuel consumption during

retarding modes, the extra weight added to the vehicle may in fact increase fuel

consumption during propel modes. Implementing storage configurations also

introduces significant cost and technological limitations, among other things.

A favored alternative to storage configurations serves to simply

waste the energy in the form of heat via a dynamic braking retarding grid of

resistors and insulators. To minimize overheating, a grid cooling system having

an electrically driven blower is often used to help dissipate the heat from the

retarding grid. The blower motor is powered by the waste energy such that the

engine is not required to cool the retarding grid. However, retarding grid

configurations introduce several control limitations. Among other things, these

configurations prohibit operation of the grid cooling system without providing

significant braking force. More specifically, because the grid cooling system is

powered only by waste energy that is supplied by the motor during retarding

modes, the grid cooling system is unable to operate once the machine exits the

retarding mode without absorbing a prohibitively large amount of power from the

engine and consuming diesel fuel. These systems are susceptible to temperature

overshoot conditions, or conditions in which the temperatures of the resistive

elements and insulators of the retarding grid sharply increase once a blower is



shut off. Furthermore, in low-power retarding modes, or when the retarding

arrangement is operating at less than nominal power, the shared DC bus of the

drive system may collapse due to the comparatively large retarding requirement.

Additionally, these systems still require the engine to be operated at lower RPMs

and may reduce fuel consumption, but the engine is still needed to operate other

auxiliary devices (i.e. parasitic loads).

Control systems which redirect the electrical energy generated

from motors during retarding or braking modes of operation, or regenerative

energy, back into the engine are known to those skilled in the art as a means to

reduce fuel consumption and improve efficiency. Some existing control systems

include a drive system that feeds power generated by traction motors during

dynamic braking back into the main alternator to rotate the engine. However, the

retarding grids and the grid cooling mechanisms of such systems are linked to the

same bus, and thus, cannot be independently controlled. Furthermore, all of these

systems specifically require switching of a transfer switch in order to redirect

power to the engine during dynamic braking modes.

Therefore, there is a need for a drive system and method that

eliminates fuel consumption during certain propel modes and during dynamic

braking modes of operation. Specifically, there is a need for an electric drive

system and method that automatically and more efficiently redirects power

generated at the traction motor into the engine during dynamic braking modes.

There is also a need for an electric drive system and method which provides

control of a grid cooling system that is independent from control of the associated

retarding grid.

Summary of the Disclosure

In one aspect of the present disclosure, a drive system is disclosed

for a machine having an engine coupled to a generator, a motor operatively

coupled to drive wheels, and auxiliary devices. The drive system includes an

inverter circuit coupled to each of the generator and the motor, and an auxiliary



driver coupled to each of the generator and the auxiliary devices. A trolley drive

arrangement is coupled to the inverter circuit and configured to automatically

communicate external power to the motor and to the engine in a trolley propel

mode, and automatically communicate power from the motor to the engine and

the trolley drive arrangement in a dynamic braking mode so as to eliminate fuel

consumption during the trolley propel and dynamic braking modes.

In another aspect of the disclosure, an electric drive machine is

disclosed. The electric drive machine includes an engine, a generator operatively

coupled to the engine, a motor operatively coupled to one or more drive wheels,

an inverter circuit coupled to each of the generator and the motor, a trolley drive

arrangement, and an auxiliary driver coupled to each of the generator and the

auxiliary devices. The trolley drive arrangement is coupled to the inverter circuit.

The inverter circuit and the auxiliary driver are configured to automatically

communicate power from the trolley drive arrangement to the motor in a propel

mode, and automatically communicate power from the motor to the generator in a

dynamic braking mode. The auxiliary driver is configured to transmit power to a

DC bus during the trolley propel and dynamic braking modes. The electric drive

machine additionally includes a retarding grid coupled to the inverter circuit, and

a grid cooling system coupled to the DC bus and configured to selectively cool

the retarding grid. Control of the grid cooling system is independent from control

of the retarding grid.

In yet another aspect of the disclosure, a method for eliminating

fuel consumption during trolley propel and dynamic braking of an electric drive

machine is disclosed. The machine includes at least an engine coupled to a

generator, a motor operatively coupled to drive wheels, and auxiliary devices.

The method provides an inverter circuit in electrical communication between the

generator and the motor as well as an auxiliary driver in electro-mechanical

communication between the generator and the auxiliary devices. The method

further determines a current mode of operation of the electric drive machine,



automatically directs electrical power from the trolley drive arrangement to the

motor in a trolley propel mode through at least one of the inverter circuit and the

auxiliary driver if the current mode of operation is in trolley propel mode, and

automatically directs electro-mechanical power from the motor a to a one of the

engine and the trolley drive arrangement in a dynamic braking mode through at

least one of the inverter circuit and the auxiliary driver if the current mode of

operation is in a dynamic braking mode.

Brief Description of the Drawings

Fig. 1 is a general schematic view of an exemplary drive system as

applied to an electric drive machine;

Fig. 2 is a detailed schematic view of another exemplary drive

system;

Fig. 3 is a detailed schematic view of another exemplary drive

system;

Fig. 4 is a detailed schematic view of another exemplary drive

system;

Fig. 5 is a detailed schematic view of another exemplary drive

system;

Fig. 6 is a schematic view of an exemplary controller for an

electric drive system;

Fig. 7 is a flow diagram of an exemplary method for eliminating

fuel consumption in an electric drive machine during trolley application;

Fig. 8 is a diagrammatic view of an electric drive machine in a

propel mode during trolley operation;

Fig. 9 is a diagrammatic view of an electric drive machine in a

dynamic braking mode during trolley operation; and

Fig. 10 is a diagrammatic view of an electric drive machine in an

idling mode of operation.



Detailed Description

Referring to Fig. 1 schematically illustrates an exemplary drive

system 100 as applied to a machine 102, such as for example an electric drive off-

road truck. The machine 102 typically includes a prime mover 103 such as an

internal combustion engine 104, a generator 106, power electronics 107, one or

more motors 108, one or more wheels 110, a retarding grid 112, a grid cooling

system 114 and one or more auxiliary devices 116. In this example, drive system

100 also involves a trolley drive arrangement 109 such as a trolley lines 111

which includes two overhead lines as is recognized in the industry but are not

shown. It should be noted here that the trolley lines 111 may be provided to

propel the machine in an up hill direction, or a down hill direction depending on

where the load and dump locations are positioned. The trolley drive arrangement

109 also includes a pantograph(s) 113 positioned on the machine to connect to the

trolley lines 111, and a trolley cabinet 115 interfaces the pantograph(s) 113 with

the power electronics 107. As shown, power electronics 107 is provided with at

least an inverter circuit 118 and an auxiliary driver 120. The inverter circuit 118

may include one or more rectifiers 122, inverters 124, or any combination thereof,

and be disposed between the generator 106 and the motor 108. The auxiliary

driver 120 may be disposed between the generator 106 and the auxiliary devices

116 and include an auxiliary generator, winding assembly, DC motor, or any

other means for allowing bidirectional electrical communication therebetween.

During a standard propel mode of operation, or when the machine

102 is being accelerated, power may be transferred from the engine 104 and

toward the wheels 110, as indicated by solid arrows, to cause movement.

Specifically, the engine 104 may produce an output torque to the generator 106,

which in turn converts the mechanical torque into electrical power. The electrical

power may be generated in the form of alternating current (AC) power. The AC

power may then be converted to direct current (DC) and converted again to the

appropriate amount of AC power by the inverter circuit 118. The resulting AC



power may then be used to drive the one or more motors 108 and the wheels 110,

as is well known in the art. Also, during the propel mode, the auxiliary driver 120

may communicate any power supplied by the generator 106 to one or more

auxiliary devices 116, and/or communicate any power supplied by one or more

auxiliary devices 116 to the generator 106 so as to at least partially drive the

engine 104 and the motors 108 as described above.

Alternatively, during a trolley propel mode of operation when the

machine 102 is being accelerated, power may be transferred from the trolley lines

111 to the power electronics 107 toward the wheels 110, as indicated by dark

solid arrows, to cause movement. Specifically, electrical power from the trolley

lines 111 in the form of direct current (DC) is converted to the appropriate amount

of AC power by the inverter 124. The resulting AC power is then be used to drive

the one or more motors 108 and the wheels 110, as was described above. Also,

during the propel mode, power supplied from the trolley lines 111 back driving

the generator 106 thus supplying power to the auxiliary driver 120 to one or more

auxiliary devices 116, and/or communicate any power supplied by one or more

auxiliary devices 116 to the generator 106 so as to at least partially drive the

engine 104 and the motors 108 as described above. Power from one or more

auxiliary devices 116 may also be provided back to the trolley lines 111.

During a dynamic braking mode of operation, or when the motion

of the machine 102 is to be retarded, power may be generated by the mechanical

rotation at the wheels 110 and directed toward the retarding grid 112, as indicated

by dashed arrows and/or back to the trolley lines 111. In particular, the kinetic

energy of the machine 102 may be converted into rotational power at the wheels

110. Rotation of the wheels 110 may further rotate the motor 108 so as to

generate electrical power, for example, in the form of AC power. The inverter

circuit 118 may serve as a bridge to convert the power supplied by the motor 108

into DC power. Dissipation of the DC power generated by the motor 108 may

produce a counter-rotational torque at the wheels 110 to decelerate the machine



102. Such dissipation may be accomplished by passing the generated current

provided by the inverter circuit 118 through a resistance, such as the retarding

grid 112 shown and may also supply power back to the trolley lines 111. Excess

electricity may be communicated, by the trolley lines 111, back to a central

charge unit at an electrical substation (not shown) or transformed into heat

generated at the retarding grid 112 and be expelled using the grid cooling system

114. Power to the grid cooling system 114 may be supplied by the generator 106

or the trolley lines 111 via a communication path through the auxiliary driver 120.

Similarly, the auxiliary driver 120 may supply power provided by the generator

106 or the trolley lines 111 to any one or more of the auxiliary devices 116

available on the machine 102.

Referring now to Fig. 2, a more detailed schematic of an example

of the drive system 100 as applied to machine 102 is provided. As in the example

of Fig. 1, the machine 102 of Fig. 2 also includes prime mover 103, such as the

engine 104, which serves as the machine's primary source of power. The engine

104 may be configured to provide direct or indirect power to parasitic loads 126

via belts, hydraulic systems, and the like. The engine 104 may be mechanically

coupled to generator 106 through a coupling 128. The machine 102 has one or

more motors 108 mechanically coupled to one or more wheels 110 via another

coupling 128. Machine 102 also includes a retarding grid 112, a grid cooling

system 114 and auxiliary devices 116 may also be provided. The auxiliary

devices 116 may include, for example, a heating, ventilation and air conditioning

(HVAC) system 130, a hybrid system 132 having an energy storage device 134

and conditioning circuitry 136, a battery charging device 138, or any electrically

driven pump or accessory 140.

As shown in Fig. 2, the drive system 100 may provide the machine

102 with at least an inverter circuit 118 to provide electrical communication

between the generator 106 and/or the trolley lines 111 to the motor 108. The

inverter circuit 118 may include a configuration of one or more rectifiers 122 and



inverters 124 as shown in Fig. 1. In an alternative example, the inverter circuit

118 provides a parallel configuration of inverters 124 and/or a bidirectional

inverter 142 in place of, for example, the rectifier 122 of Fig. 1, so as to enable

bidirectional communication of electrical power between the generator 106 and/or

the trolley lines 111 to the motor 108. The inverter circuit 118 may additionally

be electrically coupled to the retarding grid 112 so as to dissipate any excess

energy therethrough and/or send a portion of the electrical power back to the

trolley lines 111. Alternatively, any one or more of the auxiliary devices 116,

such as the hybrid system 132, may also direct any energy generated therefrom

toward the auxiliary driver 120 and/or the generator 106.

Still referring to Fig. 2, the drive system 100 may further provide

the machine 102 with an auxiliary driver 120 to provide electrical communication

between the generator 106 and the auxiliary devices 116. More specifically, the

auxiliary driver 120 may include a winding assembly 144 or a series of tapped

windings electrically coupled to the generator 106 so as to transform AC power

supplied by the generator 106 to an appropriate amount of AC power as needed

by the auxiliary devices 116. The auxiliary driver 120 may also provide a parallel

configuration of inverters 124 or a bidirectional inverter 142 to convert AC power

from the generator 106 to the appropriate DC power necessary for driving the

auxiliary devices 116. Additionally, when in trolley propel mode DC power from

the trolley lines 111 is converted by bidirectional inverter 142 to AC power to

operate the generator 106 as a motor and winding assembly 144 as to transform

AC power supplied by the trolley lines 111 to an appropriate amount of AC power

as needed by the auxiliary devices 116. As described before, the auxiliary driver

120 may use the converted AC power from the trolley lines 111 to the appropriate

DC power necessary for driving the auxiliary devices 116. The DC power

provided by the bidirectional inverter 142 may be supplied in parallel to each of

the auxiliary devices 116 via a DC bus 146, link, or the like. Similarly, DC power

provided by the auxiliary devices 116 may be transmitted to the auxiliary driver



120 via the DC bus 146, converted into AC power via the bidirectional inverter

142, and supplied to the generator 106 via the winding assembly 144. This AC

power may also be converted by the bidirectional inverter 142, and supplied back

to the trolley lines 111 for storage at a central charge unit at an electrical

substation (not shown). The auxiliary driver 120 may also be configured to

selectively control power to an inverter 124 and/or a blower motor 148 of the grid

cooling system 114 via the DC bus 146 in a manner that is independent from

control of the retarding grid 112. As power to the grid cooling system 114 via the

DC bus 146 is supplied independently from power to the retarding grid 112, the

grid cooling system 114 may be enabled when predetermined temperature

thresholds of the retarding grid 112 are exceeded regardless of the operating mode

of the machine 102.

Turning to Fig. 3, an exemplary schematic of another drive system

100 as applied to machine 102 is provided. As in previous examples, machine

102, of Fig. 3, may include engine 104 configured to provide power to parasitic

loads 126 via belts, hydraulic systems, and the like. The engine 104 may also be

mechanically coupled to generator 106 through coupling 128, or the like.

Movement of the machine 102 may be provided by one or more motors 108 that

are mechanically coupled to one or more wheels 110 via a coupling 128. The

machine 102 may additionally provide a retarding grid 112 and a grid cooling

system 114 having an inverter 124 and a blower motor 148 for actively cooling

the retarding grid 112. In addition to the grid cooling system 114, auxiliary

devices 116 may include a heating, ventilation and air conditioning (HVAC)

system 130, a hybrid system 132 having an energy storage device 134 and

conditioning circuitry 136, a battery charging device 138, or any other electrically

driven pump or accessory 140.

As in the example of Fig. 2, the drive system 100 of Fig. 3 may

provide the machine 102 with at least an inverter circuit 118 to provide electrical

communication between the generator 106 and/or the trolley lines 111 to the



motor 108. The inverter circuit 118 may provide a parallel configuration of

inverters 124 and/or a bidirectional inverter 142 in place of, for example, the

rectifier 122 of Fig. 1, so as to enable bidirectional communication of electrical

power between the generator 106 and/or the trolley lines 111 to the motor 108.

The inverter circuit 118 may additionally be electrically coupled to the retarding

grid 112 and configured to dissipate any excess energy therethrough and/or send a

portion of the electrical power back to the trolley lines 111. Alternatively, any

one or more of the auxiliary devices 116, such as the hybrid system 132, may also

direct any energy generated therefrom toward the auxiliary generator 150.

The drive system 100 may also provide an auxiliary driver 120 to

provide electrical communication between the generator 106 or the trolley lines

111 and the auxiliary devices 116. In contrast to the winding assembly 144 of

Fig. 2, the auxiliary driver 120 may include an auxiliary generator 150 that is

mechanically coupled to the main or generator 106 as shown. Similar to the

winding assembly 144, the auxiliary generator 150 may serve to convert any AC

power supplied by the generator 106 to an appropriate amount of AC power as

needed by, for example, the auxiliary devices 116. Similarly DC power from the

trolley lines 111 may be converted to AC power by the bidirectional inverter 142

may drive the generator 106 acting as a motor to drive the auxiliary generator 150

to an appropriate amount of AC power as needed by the auxiliary devices 116. A

parallel configuration of inverters 124 or a bidirectional inverter 142 may also be

provided to convert any AC power from the auxiliary generator 150 to the

appropriate DC power necessary for driving the auxiliary devices 116. The DC

power provided by the bidirectional inverter may be supplied in parallel to each of

the auxiliary devices 116 via DC bus 146, link, or the like. Similarly, any DC

power provided by the auxiliary devices 116 may be transmitted to the auxiliary

driver 120 via the DC bus 146, converted into AC power via the bidirectional

inverter 142 and supplied to the generator 106 via the auxiliary generator 150.

This AC power may also be converted by the bidirectional inverter 142, and



supplied back to the trolley lines 111 for storage at a central charge unit at an

electrical substation (not shown). The auxiliary driver 120 may also be

configured to selectively control power to the grid cooling system 114 via the DC

bus 146 in a manner that is independent from control of the retarding grid 112.

In alternative examples drive system 100 may be modified and

fitted onto machines 102 with pre-existing electric drive configurations, as shown

for example in Fig. 4 . As in previous examples, the machine 102 of Fig. 4

includes engine 104 configured to supply power to parasitic loads 126 via belts,

hydraulic systems, and the like, as well as to generator 106 via a mechanical

coupling 128, or the like. The machine 102 may further include one or more

motors 108 for driving one or more wheels 110 via a mechanical coupling 128.

Additionally, the machine 102 may support a retarding grid 112 and a grid

cooling system 114 having an inverter 124 and a blower motor 148 for actively

cooling the retarding grid 112. In addition to the grid cooling system 114, the

auxiliary devices 116 may include a heating, ventilation and air conditioning

(HVAC) system 130, a hybrid system 132 having an energy storage device 134

and conditioning circuitry 136, a battery charging device 138, or any other

electrically driven pump or accessory 140.

In contrast to the examples of Figs. 2 and 3, the drive system 100

of Fig. 4 may correspond to a pre-existing inverter configuration, or the inverter

circuit 118 shown. Moreover, the inverter circuit 118 may include at least one

rectifier 122 and an inverter 124, both of which are configured to transmit power

unidirectionally from the generator 106 and/or the trolley lines 111 toward the

motor 108. The inverter circuit 118 may additionally be electrically coupled to

the retarding grid 112 and configured to dissipate any excess energy therethrough.

As the inverter circuit 118 of Fig. 4 prohibits the return of any

electrical energy that is generated by the motor 108 during dynamic braking or

retarding modes, the auxiliary driver 120 may be configured to redirect any such

energy back to the engine 104 as shown. Specifically, in addition to an auxiliary



generator 150 that is mechanically coupled to the engine 104 and/or the generator

106, the auxiliary driver 120 may further include a motor generator 152 that is

mechanically coupled to the motor 108, the wheels 110 and/or any other means

for causing motion. The motor generator 152 may be configured to transmit any

mechanical energy that is supplied by the motor 108 and/or the wheels 110 during

dynamic braking and/or trolley mode of operation through an inverter 124 to be

converted into DC power. The converted electrical energy may be passed through

a DC bus 146 and then transmitted to a second inverter 124 that is coupled to the

auxiliary generator 150. The auxiliary generator 150 may convert the received

electrical energy into mechanical energy used to drive the engine 104 during

dynamic braking and trolley modes. The DC bus 146 may also be configured to

supply converted DC power to any one or more of the auxiliary devices 116

including the grid cooling system 114. As in previous examples, the drive system

100 may enable selective control of the grid cooling system 114 that is

independent from control of the retarding grid 112. Alternatively, any one or

more of the auxiliary devices 116, such as the hybrid system 132, may also

communicate any energy generated therefrom toward the auxiliary generator 150.

In a similar example drive system 100 may be modified and fitted

onto machines 102 with pre-existing electric drive configurations, as shown for

example in Fig. 5 . As in previous examples, the machine 102 of Fig. 5 includes

engine 104 configured to supply power to parasitic loads 126 via belts, hydraulic

systems, and the like, as well as to generator 106 via a mechanical coupling 128,

or the like. The machine 102 may further include one or more motors 108 for

driving one or more wheels 110 via a mechanical coupling 128. Additionally, the

machine 102 may support a retarding grid 112 and a grid cooling system 114

having an inverter 124 and a blower motor 148 for actively cooling the retarding

grid 112. In addition to the grid cooling system 114, the auxiliary devices 116

may include a heating, ventilation and air conditioning (HVAC) system 130, a

hybrid system 132 having an energy storage device 134 and conditioning circuitry



136, a battery charging device 138, or any other electrically driven pump or

accessory 140.

In contrast to the examples of Figs. 2 and 3, the drive system 100

of Fig. 5 may correspond to a pre-existing inverter configuration, or the inverter

circuit 118 shown. Moreover, the inverter circuit 118 may include at least one

rectifier 122 and an inverter 124, both of which are configured to transmit power

unidirectionally from the generator 106 and/or the trolley lines 111 toward the

motor 108. The inverter circuit 118 may additionally be electrically coupled to

the retarding grid 112 and configured to dissipate any excess energy therethrough.

As the inverter circuit 118 of Fig. 5 prohibits the return of any

electrical energy that is generated by the motor 108 during dynamic braking or

retarding mode, the auxiliary driver 120 may be configured to redirect any such

energy back to the engine 104 as shown. Specifically, in addition to a DC motor

154 that is mechanically coupled to the engine 104 and/or the generator 106, the

auxiliary driver 120 may further include a DC/DC converter such as a step down

chopper 156 that is electrically coupled to the inverter circuit 118. The DC/DC

converter 156 may be configured to transmit any electrical energy that is supplied

by the trolley drive arrangement 109 during dynamic braking or retarding mode to

the auxiliary devices 116 during trolley mode of operation. The electrical energy

may be passed through DC bus 146 and then transmitted to through a contactor

158 and supplied to DC motor 154. The DC motor 154 is connected to the

generator 106 by coupling 128 and used to drive the engine 104 during dynamic

braking and trolley modes. The DC bus 146 may also be configured to supply DC

power to any one or more of the auxiliary devices 116 including the grid cooling

system 114. As in previous examples, the drive system 100 may enable selective

control of the grid cooling system 114 that is independent from control of the

retarding grid 112. Alternatively, any one or more of the auxiliary devices 116,

such as the hybrid system 132, may also communicate any energy generated

therefrom toward the DC motor 154 to the generator 106.



Overall control of the drive system 100 as well as the machine 102

may be managed by a controller 200 of the machine 102, as shown in Fig. 6 . The

controller 200 may take the form of one or more processors, microprocessors,

microcontrollers, electronic control modules (ECMs), electronic control units

(ECUs), or any other suitable means for electronically controlling functionality of

the drive system 100 and/or machine 102. The controller 200 may be configured

to operate according to a predetermined algorithm or set of instructions for

controlling the drive system 100 based on the various operating conditions of the

machine 102. Such an algorithm or set of instructions may be read into an on-

board memory of the controller 200, or preprogrammed onto a storage medium or

memory accessible by the controller 200, for example, in the form of a floppy

disk, a hard disk, optical medium, random access memory (RAM), read-only

memory (ROM), or any other suitable computer-readable storage medium

commonly used in the art.

As shown in Fig. 6, the controller 200 may be in electrical

communication with the engine 104, the generator 106, the inverter circuit 118,

the auxiliary driver 120, the trolley drive arrangement 109, the retarding grid 112,

the grid cooling system 114, and the like. The controller 200 may also be coupled

to various other components, systems or subsystems of the machine 102. By way

of such connections, the controller 200 may receive data pertaining to the current

operating parameters of the drive system 100 and the machine 102 as input

signals. The input signals may be provided by, for example, a plurality of sensors

associated with each component. In response to such input, the controller 200

may perform the necessary determinations and transmit any output signals

corresponding to the actions that need to be performed. The output signals may

be integrated commands that are transmitted to various actuators or electronic

devices, such as transistors or actuators, which are associated with the relevant

components. The controller 200 may also be electrically coupled to any other

component or device of the machine 102 that may be related to the inverter circuit



118, auxiliary driver 120, trolley drive arrangement 109, retarding grid 112, grid

cooling system 114, and the like.

During operation of the machine 102, the controller 200 may

receive a retarding command from an input node 202. The retarding command

provided at the input node 202 may be generated in response to displacement of a

manual control by the operator of the machine 102. The retarding command may

alternatively be a command signal generated by the controller 200, or another

controller of the machine that monitors or governs the speed of the machine 102,

for example, a speed governor or a speed limiter. The controller 200 may receive

and interpret the retarding command according to a control system or algorithm

operating therein. The control system may determine a magnitude of the

retarding being commanded, for example, in units of energy or power. Based on

such data, the controller 200 may determine the degree of energy to be dissipated

and respond accordingly. In examples having two retarding grids 112, for

example, the controller 200 may determine whether first, second, or both

retarding grids 112 should provide a contribution to retarding energy dissipation.

Alternatively, a portion of the retarding energy may be directed back to the trolley

lines 111 to aid in the energy dissipation. This determination or calculation may

be based on various machine operating parameters. The parameters may include

the current speed, the payload, the rate of acceleration, the desired speed, the

inclination, the rate of change of the command to retard the machine 102, and the

like, which may be input to the controller 200 via one or more additional input

nodes 204.

Fig. 7 diagrammatically illustrates an exemplary method by which

such a controller 200 may operate the drive system 100. In an initial step, the

controller 200 may determine the current mode of operation of the machine 102.

For example, based on the input signals at nodes 202, 204, the controller 200 may

determine if the machine 102 is in a propel mode, dynamic braking or retarding

mode, an idling mode, trolley mode, or any other operating mode available on the



machine 102. Based on the input signals at nodes 202, 204, the controller 200

may further determine if there is to be a change in the operating mode.

Specifically, the controller 200 may determine the current and/or next operating

mode based on, for example, the current speed, the payload, the rate of

acceleration, the inclination of the machine, the desired speed, the rate of change

of the command to retard the machine 102, and the like. In a propel mode, the

drive system 100 may be configured to at least automatically direct power from

the generator 106 or the trolley drive arrangement 109, as well as any power

supplied by the auxiliary devices 116, to the motor 108 to drive the wheels 110.

Moreover, the drive system 100 may allow any communication of power from the

generator 106 or trolley drive arrangement 109 to the auxiliary devices 116, and if

applicable, from the auxiliary devices 116 to the generator 106 or back to the

trolley lines 111. In a trolley attached mode, the drive system 100 may be

configured to at least automatically direct power from the trolley drive

arrangement 109, as well as any power supplied by the auxiliary devices 116, to

the motor 108 to drive the wheels 110 and to the generator 106 to at least partially

drive the engine 104 and allow the engine 104 to be powered off, or stop fuel

supply to the engine 104. In a dynamic braking or retarding mode, the drive

system 100 may be configured to at least automatically direct power generated by

the motor 108 to the generator 106 or trolley lines 111 to at least partially drive

the engine 104 and allow the engine 104 to be powered off, or stop fuel supply to

the engine 104, or direct a portion of the energy back to the trolley lines 111

through the trolley drive arrangement 109 for storage a central substation (not

shown). The drive system 100 may further direct power from the generator 106

to the auxiliary devices 116. In an optional idling mode, the drive system 100

may automatically allow any intercommunication of power between the generator

106 and the auxiliary devices 116. During such an idling mode, the hybrid system

132 may store enough charge to allow the engine 104 to be powered off, or stop

fuel injection, and further, allow the auxiliary devices 116 to operate without any



power from the generator 106 or trolley drive arrangement 109. In such a way,

the auxiliary devices 116 may provide enough power to spin the engine 104 and

drive the parasitic loads 126 of the engine 104, rapidly spin up the engine 104

when shifting into a propel mode, or even start the engine 104 from a stand still,

all without any consumption of fuel.

Fig. 8 diagrammatically illustrates the machine 102 operating in a

trolley propel mode. The trolley propel mode may be desired if the combination

of parameters provided to the controller 200 indicates, for example, that a desired

speed is greater than a current detected speed and/or that the machine 102 is to be

accelerated or is beginning a climb or starting to descend on a mine haul road and

that connection to the trolley lines 111 is actuated. During the trolley propel

mode, the trolley drive arrangement 109 may serve as the primary source of

power of drive and allow the engine 104 to power down and stop the consumption

of fuel. Electrical energy from the trolley lines 111 is directed by the pantographs

113 to the trolley cabinet 115 and then be automatically passed through the

inverter circuit 118 to drive the one or more motors 108 and wheels 110. During

the trolley propel mode, the auxiliary driver 120 allows bidirectional

communication between the generator 106 and the auxiliary devices 116. For

instance, the electrical energy from the trolley lines 111 may be passed through

the auxiliary driver 120 to be converted into DC power and transmitted to a DC

bus 146 shared by the auxiliary devices 116. The electrical energy from the

trolley lines 111 may also be directed to the generator 106 and acting as a motor

used to turn the engine so as to operate the auxiliary devices 116 such as by belts,

couplings or other connection. Alternatively, energy generated by any alternate

energy source, such as the hybrid system 132, may supply power through the DC

bus 146 and the generator 106 to assist the engine 104 or to be sent back to the

trolley lines 111 for storage. Accordingly, the direction of power flow through

the auxiliary driver 120 may depend on the instantaneous needs and/or

capabilities of the drive system 100. The retarding grid 112 and the grid cooling



system 114 may be disabled during the propel mode but may continue to operate

the grid cooling system 114 to prevent over shoot.

Fig. 9 diagrammatically illustrates the machine 102 operating in a

dynamic braking or retarding mode. The dynamic braking mode may be desired

if the combination of parameters provided to the controller 200 indicates, for

example, that the desired speed is less than a current detected speed and/or that

the machine 102 is to be decelerated. During the dynamic braking mode, the one

or more wheels 110 and motors 108 may serve as the primary power source.

Moreover, rotation of the wheels 110 may turn the one or more motors 108 and

cause the motors 108 to supply electrical energy in the form of, for example, AC

power. As the inverter circuit 118 is bidirectional, the inverter circuit 118 may

receive the electrical energy provided by the motors 108 and convert the AC

power into DC. The DC power may then be sent back to the trolley lines 11lor

adjusted and converted back into AC power, and supplied to the generator 106.

The inverter circuit 118 may further apply the DC power to the retarding grid 112,

or the chopper and/or contactor circuits 154, to be used by the auxiliary devices

116, or snet to the retarding grid 112, to be dissipated in the form of heat. The

power supplied to the generator 106 may be used to mechanically drive the engine

104 temporarily eliminate the use of fuel during the dynamic braking mode of

operation. The power supplied to the generator 106 may further be used to supply

energy to the auxiliary devices 116 via the auxiliary driver 120. In particular, the

auxiliary driver 120 may convert the AC power provided to the generator 106, the

DC motor 154 or additional windings 144 into DC power to be passed along to

the DC bus 146. The DC power may be used to power the auxiliary devices 116

attached to the DC bus 146. Among other things, the DC power may be used to

supply power to the grid cooling system 114, or blower inverter and blower motor

148, so as to cool the retarding grid 112. In such a way, power to the grid cooling

system 114 may be controlled independently from the retarding grid 112. This

allows the grid cooling feature to be accessible during any other operating mode



as needed via the auxiliary driver 120. As control of the grid cooling system 114

is not limited to the retarding mode, the retarding grid 112 may be cooled even

after exiting the retarding mode so as to minimize, for instance, temperature

overshoot conditions commonly associated with the resistive elements and/or

insulators of retarding grids 112.

In a further modification, the machine 102 may operate in an

optional idling mode as diagrammatically shown in Fig. 10. The idling mode may

be desired if the combination of parameters provided to the controller 200

indicates, for example, that the desired and current speeds are null and/or that

there is no desired acceleration or deceleration. During the idling mode, the

engine 104 may be supplied with enough fuel to maintain the idle. Optionally,

once the energy storage device 134 is fully charged, the controller 200 may

automatically enable engine shutoff to conserve fuel while power supplied by the

energy storage device 134 may be used to maintain the idle. As there is no

movement in the wheels 110 during the idling mode, the inverter circuit 118 and

the retarding grids 112 may be temporarily disabled. In the machine 102 having a

hybrid system 132 installed thereon, power may be initially supplied by the

energy storage device 134 to operate, for example, battery charging devices 138

as well as electric pumps and accessories 140. If the charge of the energy storage

device 134 reaches a preset minimum threshold, the controller 200 may enable the

inverter 124 of the auxiliary driver 120 to supply power to the generator 106 and

invoke the engine 104 to start. While the engine 104 is idling, the inverter 124 of

the auxiliary driver 120 may begin drawing power from the generator 106 or use

the trolley drive arrangement to power the generator 106 to operate the electric

pumps and accessories 140 and also to recharge the energy storage device 134.

Industrial Applicability

Exemplary off-highway trucks are commonly used in mines,

construction sites and quarries. The off-highway trucks may have payload



capabilities of 100 tons or more and travel at speeds of 40 miles per hour or more

when fully loaded.

Such work trucks or machines must be able to negotiate steep

inclines and operate in a variety of different environments. In such conditions,

these machines frequently enter into a trolley propel mode and a dynamic braking

or retarding mode of operation for extended periods of time. It is a shared interest

to minimize or eliminate the amount of fuel consumed during such Trolley propel

and dynamic braking modes and make efficient use of the power generated by the

traction motors without adversely affecting overall machine performance. The

systems and methods disclosed herein allow the drive systems of electric drive

machines to completely eliminate fuel consumption during trolley propel and

dynamic braking modes while supplying regenerative power to machine

subsystems and accessories. The disclosed systems and methods further allow

independent control of at least a grid cooling system so as to minimize

overheating of the retarding grid regardless of the mode of operation.

From the foregoing, it will be appreciated that while only certain

examples have been set forth for the purposes of illustration, alternatives and

modifications will be apparent from the above description to those skilled in the

art. These and other alternatives are considered equivalents and within the spirit

and scope of this disclosure and the appended claims.



Claims

1. An electric drive machine (102, comprising:

an engine (104);

a generator (106) operatively coupled to the engine (104);

a motor (108) operatively coupled to one or more drive wheels;

a inverter circuit (118) coupled to each of the generator (106) and

the motor (108);

a trolley drive arrangement (109) coupled to the inverter circuit

(118);

an auxiliary DC bus (146) connected to a plurality of auxiliary

devices;

an auxiliary driver (120) connected to each of the generator (106)

and the auxiliary devices, the auxiliary driver (120) configured to transmit power

to the auxiliary DC bus (146) during a trolley propel mode and a dynamic

braking mode;

a one of the inverter circuit (118) and the auxiliary driver

(120) configured to automatically communicate power from the trolley

drive arrangement (109) to the motor (108) and the auxiliary devices

(116) in the trolley propel mode, and automatically communicate power

from the motor (108) to the generator (106) and the trolley drive

arrangement (109) in a dynamic braking mode, so as to eliminate fuel

consumption during the trolley propel and dynamic braking modes;

a retarding grid (112) coupled to the inverter circuit (118); and

a grid cooling system (114) coupled to the auxiliary DC bus (146)

and configured to selectively cool the retarding grid (112), control of the grid

cooling system (114) being independent from control of the retarding grid (112).



2 . The electric drive machine (102) of claim 1, wherein the

auxiliary driver (120) includes at least one of an auxiliary generator (150), a

winding assembly (144) and a bidirectional inverter (142) enabling bidirectional

electrical communication between the generator (106) and the DC bus (146).

3 . The electric drive machine (102) of claim 1 further comprising

one or more of a hybrid system (132), an energy storage device (134), a charging

device (138), and a heating, ventilation and air-conditioning HVAC system (130)

coupled to the DC bus (146).

4 . The drive system (100) of claim 1, wherein the auxiliary driver

(120) includes at least one motor (108) electrically coupled to the auxiliary

devices, the auxiliary driver (120) transmits electrical power to a DC bus (146)

during the trolley mode, the auxiliary devices (116) are configured to draw

electrical power from the DC bus (146) during the dynamic braking mode and

back drive the engine (104).

5 . The drive system (100) of claim 4, wherein the auxiliary driver

(120) includes a DC/DC converter enabling electrical communication between

the trolley drive arrangement (109) and the DC bus (146) and power a DC motor

(152) through a contactor from the DC bus (146) to power the generator (106)

and back drive the engine (104).

6 . A method for eliminating fuel consumption during trolley

propel and dynamic braking of an electric drive machine (102) having an engine

(104) coupled to a generator (106), a motor (108) operatively coupled to drive

wheels, and auxiliary devices, the method comprising the steps of:

providing an inverter circuit (118) in electrical communication

between the generator (106) and the motor (108);



providing an auxiliary driver (120) in electro-mechanical

communication between the generator (106) and the auxiliary devices;

determining a current mode of operation of the electric drive

machine (102;

automatically directing electrical power from the trolley drive

arrangement (109) to the motor (108) in trolley propel mode through at least one

of the inverter circuit (118) and the auxiliary driver (120) if the current mode of

operation is in trolley mode; and

automatically directing electro-mechanical power from the motor

(108) to a one of the engine (104) and the trolley drive arrangement (109) in a

dynamic braking mode through at least one of the inverter circuit (118) and the

auxiliary driver (120) if the current mode of operation is in a dynamic braking

mode.

7 . The method of claim 6, wherein the auxiliary driver (120)

includes at least one of an auxiliary generator (150), a winding assembly (144)

and a DC motor (152) coupled to each of the generator (106) and auxiliary

devices.

8. The method of claim 6, wherein the inverter circuit (118)

includes an inverter configured to automatically communicate electrical power

from the trolley drive arrangement (109) to the motor (108) so as to drive the

drive wheels during the trolley mode, and automatically communicate electrical

power from the motor (108) to a one of the generator (106) and the trolley drive

arrangement (109) so as to transmit power to the engine (104) during the dynamic

braking mode.

9 . The method of claim 6, wherein the inverter circuit (118) is

electrically coupled to a retarding grid (112) and the auxiliary driver (120) is in



electrical communication with a grid cooling system (114), control of the grid

cooling system (114) being independent from control of the retarding grid (112).

10. The method of claim 7 further comprising the step of

automatically communicating power only between the auxiliary devices (116)

and the engine (104) via the generator (106) if the current mode of operation is in

an idling mode.























A . CLASSIFICATION OF SUBJECT MATTER

B60W 10/08(2006.01)i, B60W 20/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: B61C 3/00; B60L 11/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: trolley, dynamic brake, anxiliary device, and retarding grid

C. DOCUMENTS CONSIDERED T O BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 7,231,877 B2 (KUMAR, AJITH KUTTANNAIR) 19 June 2007 1-9

See column 8 lines 9-15, column 14 lines 16-23, column 20 lines 35-60, co

lines 10-14, column 33 line 65-column 34 line 3 ; figures 2,3,4,9C,11. 10

US 7,061,131 B2 (KING et a l .) 13 June 2006 1-9

See column 6 , lines 53-64; figure 3 .

US 7,005,819 B2 (TAKAI et al.) 28 February 2006 1-10

See column 4 , line 58 - column 5 , line 9 ; figure 1 .

WO 91-08121 Al (MARATHON LETOURNEAU COMPANY) 13 June 1991 1-10

See page 8 , lines 4-23; figure 2 .

KR 10-2011-0048106 A (LEE et a l .) 11 May 2011 1-10

See abstract, paragraph [0019]; figure 1 .

□ Further documents are listed in the continuation of Box C . patent family annex.

* Special categories of cited documents: later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of citation or other document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

14 MARCH 2013 (14.03.2013) 15 MARCH 2013 (15.03.2013)
Name and mailing address of the ISA/KR Authorized officer

HAN, Joong Sub . J
i

I s e No. 82-42-472-7140 Telephone No. 82-42-481-5606

Form PCT/ISA/210 (second sheet) (July 2009)



Information on patent family members PCT/US2012/067850

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 723 1877 B2 19 .06 .2007 AU 2004-243288 A 09 . 12 ,,2004
AU 2004-243288 B2 18 .02 ,,2010
AU 2005-267004 A 02 .02 ,,2006
CA 2378774 A 27 .09 ,,2002
CA 2378774 C 22 . 12 ,,2009
CA 2547996 A 23 .02 ,,2006
CA 2548956 A 09 . 12 ,,2004
CA 2575057 A 02 .02 ,,2006

CN 10 10272 11 A 29 .08 ,,2007
CN 10 10272 11 B 03 . 11,,2010
CN 10 10272 11 CO 29 .08 ,,2007
CN 10 1687506 A 3 1.03 ,,2010
CN 1906050 A 3 1.0 1,,2007
CN 1906050 CO 3 1.0 1,,2007
EP 1245431 A2 02 . 10 ,,2002
EP 1245431 A3 26 . 11,,2003
EP 1776266 A 25 .04 ,,2007
EP 1776266 B 27 . 10 ,,2010
US 2002-0174796 A 28 . 11,,2002
US 2002-0174798 A 28 . 11,,2002

US 2002-0177929 A 28 . 11,,2002
US 2003-0120400 A 26 .06 ,,2003
US 2003-0150352 A 14. 08 ,,2003
US 2003-015 387 A 14. 08 ,,2003
US 2003-0233959 A 25 . 12 ,,2003
US 2004-0245410 A 09 . 12 ,,2004
US 2005-00058 4 A 13 .0 1,,2005
US 2005-00 10338 A 13 .0 1,,2005
US 2005-0039630 A 24. 02 ,,2005
US 2005-0120904 A 09 .06 ,,2005
us 2005-017 1658 A 04. 08 ,,2005
us 2005-0235865 A 27 . 10 ,,2005

us 2006-0005736 A 12 .0 1,,2006
us 2006-0005737 A 12 .0 1,,2006
us 2006-0005738 A 12 .0 1,,2006
us 2006-0005739 A 12 .0 1,,2006
us 2006-00 12320 A 19 .0 1,,2006
us 2006-0129289 A 15 .06 ,,2006
us 2007-01 375 4 A 2 1.06 ,,2007
us 2007-0142985 A 2 1.06 ,,2007
us 2007-0144398 A 28 .06 ,,2007
us 2007-01459 8 A 28 .06 ,,2007
us 2009-01 32 3 A1 2 1.05 ,,2009
us 2009-03 14179 A 24. 12 ,,2009

us 20 10-01866 19 A1 29 .07 ,,2010
us 20 1-0041723 A1 24. 02 ,,201

us 20 11-010640 1 A1 05 .05 ,,201

us 659 1758 B2 15 .07 ,,2003
us 66 12245 B2 02 .09 ,,2003

PCT/ISA/210 (patent family annex) (July 2009)



Information on patent family members PCT/US2012/067850

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 66 15 8 B2 02 09 2003

US 69226 9 B2 26 07 2005

us 6973880 B2 13 12 2005

us 7 13 16 14 B2 07 11 2006

us 7 137344 B2 2 1 11 2006

us 7 185591 B2 06 03 2007

us 7302895 B2 04 12 2007

us 7325498 B2 05 02 2008

us 7430967 B2 07 10 2008

us 7448328 B2 11 11 2008

us 7500436 B2 10 03 2009

us 7532960 B2 12 05 2009

us 757 1683 B2 11 08 2009

us 7669534 B2 02 03 2010

us 7854203 B2 2 1 12 2010

us 7882789 B2 08 02 201

us 7949441 B2 24 05 201

us 837 1230 B2 12 02 201 3

o 2004- 106 33 A2 09 12 2004

wo 2005- 120925 A2 22 12 2005

wo 2006-012484 A 02 02 2006

wo 2006-020476 A2 23 02 2006

wo 2008-0977 5 A2 14 08 2008

wo 2008- 1092 5 A2 12 09 2008

US 706 3 1 B2 13 .06 .2006 DE 102004028243 A 13 0 1 2005

us 2004-25 169 A 16 12 2004

US 70058 19 B2 28 .02 .2006 JP 2005-348580 A 15 12 2005

JP 4075863 B2 16 04 2008

us 2005-0269983 A 08 12 2005

W0 9 1-08 12 1 A1 13 .06 . 199 1 AT 12229 T 15 05 1995

AU 639056 B2 15 07 1993

AU 6903791 A 26 06 199 1

BR 9007886 A 08 09 1992

CA 2072966 A1 3 1 05 199 1

CA 2072966 C 27 06 2000

DE 690 1937 D1 14 06 1995

EP 0502951 A1 16 09 1992

EP 0502951 A4 10 03 1993

EP 0502951 B1 10 05 1995

ES 207 1975 T3 0 1 07 1995

IL 96474 A 29 12 1994

IL 96474 DO 16 08 199 1

JP 3 175771 B2 11 06 200

US 5 103923 A 14 04 1992

US 535 1775 A 04 10 1994

WO 9 1-08 12 13 06 199 1

PCT/ISA/210 (patent family annex) (July 2009)



Information on patent family members PCT/US2012/067850

Patent document Publication Patent family Publication
cited in search report date member(s) date

KR 10-20 1-0048 06 A 11.05 .20 11 None

PCT/ISA/210 (patent family annex) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

