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Abstract

A dump cycle counting system is provided for a work machine
(10). The system may include a payload carrier (16) configured to contain a
payload of material and a dump actuator (18) configured to effectuate dumping of
the payload out of the payload carrier. The system may also include a controller
(37) configured to control actuation of the dump actuator and a dump control
device (24) operatively coupled to the controller. The system may further include
a load counter (46) configured to record at least one dump cycle based on a

command state of at least one of the dump control device and the controller.
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Invention Title: Dump cycle counting and monitoring system

The following statement is a full description of this invention, including
the best method of performing it known to us:
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DUMP CYCLE COUNTING AND MONITORING SYSTEM

Technical Field

The present disclosure is directed to a dump cycle counting
system, and more particularly to a system for monitoring a dump command state

and for updating a dump cycle counter.

Background

Keeping track of the number of loads carried by a hauling vehicle
may be desirable for several reasons. For example, the number of loads carried
by the vehicle may be considered when determining its value depreciation over
time. The more loads it has carried, the more dumps it will have made, which
may be an indication of the level of wear and tear on the dump mechanism, and
thus may affect the resale value of the vehicle. Similarly, the number of loads
may be monitored to assist in determining when scheduled maintenance may be
appropriate. Some components may be serviced or replaced after a
predetermined number of dump cycles. Also, counting the number of loads
carried by a hauling vehicle may be used for billing purposes, particularly when
one involved party is either paying or getting paid by the load, or by the amount
of material hauled.

Historically, load counts have been kept by handwritten tally in
log books or the like. However, this method can be unreliable due to honest
mistake, or intentional “padding” of the load count (i.e., fraudulently recording
more loads than were actually made).

Load counts have also been kept using dump body position
sensors. Such sensors are often contact sensors that complete an electrical circuit
when the dump body resides in a fully lowered position. When the dump body is

raised, the sensor contact is broken and a dump cycle is recorded. Such a system
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can eliminate some mistakes in recordation. Nevertheless, this type of system may still be subject to
“padding” because an operator need only raise the dump body by a small amount, such as one to

two inches in order to record a fraudulent dump cycle.

Certain dump cycle counting systems have been proposed for automatically monitoring the
dump cycles for a machine. For example, U.S. Patent No. 6,263,039 to Ducharme (hereinafter “the
‘039 patent”) discloses a counting system that monitors the output of a load body position control
device. The system of the ‘039 patent monitors electrical current indicative of the dumping of the
machine’s dump body. In one embodiment, the ‘039 patent monitors both initiation and cessation of
the current and thus determines that a full dump cycle has been completed and only then does it

record a dump cycle.

While the system of the ‘039 patent may be suitable in certain applications for automatically
monitoring and counting the number of dump cycles for a machine, the system has several
shortcomings. For example, because the system of the ‘039 patent relies on the measurement of a
current level of an electrical signal to operate, the system must include one or more sensors for
determining this current level. These sensors add complexity and cost to the system for the ‘039
patent. Further, the sensors may negatively impact the reliability of the system. In addition, the
system of the ‘039 patent may not be easily retrofitted to a machine due to the addition of various

sensors, wiring, etc. that must be installed.

The disclosed dump cycle counting and monitoring system is directed toward overcoming

one or more of the problems set forth above.

Summary of the Invention

In one aspect, the present disclosure is directed to a dump cycle counting system for a
machine, comprising: a payload carrier configured to contain a payload of material; a dump actuator
configured to effectuate dumping of the payload out of the payload carrier; a controller configured
to control actuation of the dump actuator; a load counter configured to record at least one dump
cycle based on a command state of the controller; wherein the command state of the controller

corresponds to a memory value associated with the controller.

In another aspect, the present disclosure is directed to a machine, comprising: a power

source; one or more traction devices; and a dumping cycle counting system as described above.
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In another aspect, the present disclosure is directed to a method for operating a dump cycle
counting system. The method may include monitoring a command state of at least one of dump
control device and a controller operatively coupled to a dump actuator, the dump actuator being
configured to effectuate dumping of a payload of material out of a payload carrier. The method may

also include recording at least one dump cycle based on the monitored command state.

In another aspect, the present disclosure is directed to a computer readable medium,
comprising: instructions for monitoring a command state of at least one of a dump control device
and a controller operatively coupled to a dump actuator of a machine, the dump actuator being
configured to effectuate dumping of a payload of material out of a payload carrier of a machine;
enabling a load counter, upon the machine exceeding a predetermined ground speed, to record at
least one dump cycle; and recording at least one dump cycle based on the monitored command

state.




2005205837 06 Sep 2005

10

15

20

25

In another aspect, the present disclosure is directed to a method for
retrofitting a dump cycle counting system to a work machine. The method may
include configuring a computer readable medium associated with the work
machine to include instructions for monitoring a command state of at least one of
a dump control device and a controller configured to effectuate dumping of a
payload out of a payload carrier and recording at least one dump cycle based on

the monitored command state.

Brief Description of the Drawings

Fig. 1 is a diagrammatic illustration of a work machine according
to an exemplary disclosed embodiment.

Fig. 2 is a diagrammatic illustration of a work machine according
to another exemplary disclosed embodiment.

Fig. 3 is a block diagram representation of a dump cycle counting
and monitoring system according to an exemplary disclosed embodiment.

Fig. 4 is a diagrammatic illustration of a display for a dump cycle
counting and monitoring system according to an exemplary disclosed
embodiment.

Fig. 5 is a flow chart representation of control logic for a dump
cycle counting and monitoring system according to an exemplary disclosed

embodiment.

Detailed Description

Reference will now be made in detail to the drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to
refer to the same or like parts.

Fig. 1 illustrates a work machine 10. Work machine 10 may
include traction devices 12, a power source 14, a dump body 16, a dump actuator
18, an operator station 20, an operator seat 22, a dump control device 24, and a

display 26.
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Work machine 10 may be any kind of hauling vehicle, such as, for
example, dump trucks, wheel tractor scrapers, towed scrapers, earth movers, etc.
Accordingly, traction devices 12 may be any type of traction devices, such as, for
example, wheels, as shown in Fig. 1, tracks, belts, or any combinations thereof.

In particular, work machine 10 may be an articulated dump truck,
which may include a front portion 28 connected to a rear portion 30 via a hinge-
like coupling 32 such that front portion 28 and rear portion 30 may be articulated
relative to one another. This may enable better maneuverability of work machine
10 in tight spaces or over rough terrain. Other embodiments may include non-
articulated trucks.

Dump body 16 may be any kind of payload carrier configured to
carry a payload and dump it on command. The payload may be dumped by
actuation of dump actuator 18, which may be a lift cylinder 34. Lift cylinder 34
may be configured to lift dump body 16 up at an angle relative to a frame 35 of
work machine 10 (as shown by a dashed outline 36) in order to allow the payload
to slide out of dump body 16. Further, work machine 10 may have more than one
dump actuator 18. For example, work machine 10 may include two lift cylinders
34, one on each side of dump body 16.

Dump control device 24 may include one or more levers, buttons,
switches, pedals, etc. operatively coupled to dump actuator 18. Dump control
device 24 may be located at any suitable location on work machine 10. For
example, dump control device 24 may be a lever, as shown in Fig. 1, mounted on
or near operator seat 22 within operator station 20.

Dump control device 24 may be operatively connected to a
controller 37, which may be configured to control actuation of dump actuator 18.
Dump control device 24 may be integral with controller 37 or may, alternatively,
be a separate unit. Controller 37 may be any electrical and/or mechanical device.
For example, dump control device 24 may be operatively coupled to dump

actuator 18 by an electro-hydraulic type control system, a hydro-mechanical type
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control system, or any other type of control system which may include controller
37. In some embodiments, controller 37 may include a mechanical component of
one of these systems, particularly in a hydro-mechanical system. For example,
controller 37 may be a hydraulic valve or pump. In such embodiments, the
command state of controller 37 may correspond to an operating parameter of the
hydro-mechanical control system, such as, for example, hydraulic pressure
associated with dump actuator 18. Controller 37 may also be a processor, such as
for example an electronic control module (ECM) of work machine 10. For
purposes of this disclosure, controller 37 will be primarily discussed in terms of a
processor. However, it will be understood that controller 37 could be any of the
types of devices described above.

Work machine 10 may include display 26 for displaying
information to an operator. Display 26 may be any kind of display, including
simple indicator lights and/or more sophisticated screen displays, such as, for
example, cathode ray tubes (CRTs), liquid crystal displays (LCDs), plasma
screens, and the like. Display 26 may provide visual feedback regarding the
number of dump cycles completed by work machine 10. Display 26 may also
provide other information, which will be discussed in further detail below.
Display 26 may provide this information in real time.

Alternatively or additionally, this information may be provided to
an entity external to the work machine for analysis or review by any interested
parties such as owners, renters, customers, and/or service technicians.

For example, this information may be downloaded (e.g., with a
laptop or PDA) or sent to a processing facility as a radio signal, via satellite, or
any other type of data link.

While work machine 10 may be a dump truck having a liftable

dump body 16, as discussed with regard to Fig. 1, work machine 10 may

.alternatively be an ejector type dump truck. Fig. 2 illustrates an exemplary

ejector type dump truck, having an ejector plate 38 for pushing a payload out of
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dump body 16. Ejector plate 38 may be moved with dump actuator 18. In this
embodiment, dump actuator 18 may be an ejector cylinder 40. A dashed outline
42 illustrates ejector plate 38 in a more rearward position as it would be after
ejector cylinder 40 has been partially extended.

The disclosed dump cycle counting and monitoring system may
include one or more processors such as controller 37 and/or a load counter 46, as
shown in Fig. 3. One of these processors could be eliminated and its functions
performed by the other. For example, load counter 46 could be part of controller
37. Alternatively, load counter 46 may be a separate component (with or without
a display), as shown in Fig. 3, or part of another controller, such as, for example,
an engine control unit (ECU).

Fig. 3 further represents dump control device 24 and a timer 48,
from which controller 37 may be configured to receive information. Timer 48
may be an integral part of controller 37 or load counter 46. Alternatively, timer
48 may be a separate component from either of the processors and has been
shown this way in Fig. 3 for ease of discussion. Timer 48 may record elapsed
time, which may be used to determine operational data for work machine 10. For
example, data collected from timer 48 may be used to record the number of hours
that work machine 10 has been in operation.

Data collected from timer 48 may also be used, in conjunction
with other acquired data, to calculate performance data for work machine 10. For
example, data collected from timer 48 may be used (in conjunction with other
data) to determine fuel consumption per unit time and/or the number of loads per
unit time.

Further, segments of elapsed time as collected from timer 48 may
be used in conjunction with other data to determine machine performance during
selected segments of time. For example, data collected from timer 48 may be

used to calculate the number of loads during a workday or shift.
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Also, data from timer 48 may be used to determine the amount of
time it takes to perform a certain task, such as, for example a dump cycle. In
addition to determining the total amount of time it takes to complete a dump
cycle, data collected from timer 48 may be used in conjunction with data from a
ground speed indicator 50 to determine the amount of time work machine 10
remained stationary (“wait time”’) during a dump cycle.

Controller 37 may be configured to receive command signals from
dump control device 24 and to control dump actuator 18 based on these signals.
Controller 37 may also control one or more other functions of work machine 10.

Load counter 46 may receive information from controller 37,
ground speed indicator 50, an odometer 52, a travel direction selector 54, and a
fuel usage meter 56. Load counter 46 may store, process, and/or display
information from one or more of these various sources. Odometer 52 and/or fuel
usage meter S6 may be separate devices or may be incorporated into load counter
46, controller 37, or another controller associated with work machine 10.

Operator input may control the command state of dump control
device 24. For example, by pushing a dump control lever into a dump position
the command state of dump control device 24 may become a “dump state.” The
command state of dump control device 24 may affect the command state of
controller 37. For example, based on a position/state of a dump control lever,
controller 37 may also enter a “dump state.” In response to the command state of
the controller being a dump state, controller 37 may actuate actuator 18 to
effectuate a dump. For example, hydraulic cylinders, such as dump actuator 18,
may be extended to effectuate the dump by opening one or more solenoid valves
to allow hydraulic fluid to pressurize the cylinder. These solenoid valves may be
opened via electronic signals generated by controller 37 in response to input from
dump control device 24. Monitoring the command state of dump control device

24 and/or controller 37 may, in effect, monitor the commanded state of the
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solenoids of these solenoid valves, without actually monitoring output signals of
controller 37 or physical or electrical states of the solenoids themselves.

Load counter 46 may be configured to determine the command
state of dump control device 24. For example, load counter 46 may be
configured to determine a position of a switch associated with dump control
device 24, determine the position of dump control device 24 itself, monitor a
control signal generated by dump control device 24, or perform any other method
of determining the command state of dump control device 24.

Alternatively or additionally, load counter 46 may be configured
to determine a command state associated with controller 37. For example, load
counter 46 may be configured to determine a memory value associated with or
used by controller 37 that is indicative of the command state thereof.

Controller 37 may run one or more routines, and may be
configured to generate one or more actuation signals based on its command state.
The command state of controller 37 may be determined by inputs from dump
control device 24. The routines run by controller 37 may generate or store values
indicative of whether a dump has been ordered. The stored values and/or
initiation of certain routines, etc. may be determinative of the command state of
controller 37.

The stored values may even be an indicator on which controller 37
bases its control of these dump actuator 18. For example, controller 37 may be
configured to detect whether a memory value is set to “dump,” or a variable
representative thereof. For instance, the memory value may be stored in a binary

(‘1 "

fashion, wherein it may be set to to command a dump and “0” otherwise.
When the value is set to “dump,” controller 37 may be said to be in a “dump
state” and may send a signal to command dump actuator 18 to actuate and
thereby effectuate a dump. In addition to controller 37, load counter 46 may also

be configured to monitor this memory value in order to determine whether a
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dump has occurred. Load counter 46 may also be configured to record (i.e.,
incrementally count) a load when the memory value is determined to be “dump.”

In order to increase accuracy and/or reliability of load counter 46,
counting performed by load counter 46 may be conditional on other operational
information about work machine 10. Such information may include ground
speed and/or the amount of time that dump control device 24 and/or controller 37
remain in a “dump state.”

For example, load counter 46 may be enabled to record a load
upon the ground speed of work machine 10 exceeding a certain predetermined
threshold (e.g., 5 mph). This condition may prevent recording of loads in
situations when work machine 10 has dumped without having hauled the load
anywhere.

As an additional condition, enabling of the load counter may occur
if the ground speed threshold is exceeded while neither of dump control device
24 and controller 37 is in a dump state. More specifically, the enabling may
occur upon exceeding the ground speed threshold while the command state is
determined to be a “float” state, wherein the hydraulics that control the
movement of dump body 16 are at rest, thus allowing dump body 16 to move
freely (e.g., drop down and/or sit freely at the bottom of its travel under its own
weight). This condition may prevent load counter 46 from recording multiple
loads when a single dump is performed while work machine 10 is traveling in
excess of the ground speed threshold.

Ground speed may be determined by ground speed indicator 50.
Ground speed indicator 50 may be any sensor or mechanism configured to
determine or approximate the speed of work machine 10 relative to the ground.
For example, ground speed indicator 50 may be a wheel speed sensor.
Alternatively, ground speed indicator 50 may be a sensor associated with the
transmission that indicates the rotational speed of one or more transmission

components. As yet another alternative, ground speed indicator 50 may include a
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sensor configured to determine whether the transmission of work machine 10 is
in a particular gear. For example, ground speed indicator 50 may determine
whether the transmission of work machine 10 is in a gear higher than first gear.
The use of gears above first gear may be indicative that the approximate ground
speed of work machine 10 has exceeded a certain predetermined speed. For
example, a determination that work machine 10 is in second gear or higher may
be interpreted as an indication that work machine 10 has traveled at a particular
speed, which may indicate that work machine 10 has transported the load.
Alternatively or additionally, a positioning system, such as a global positioning
system (GPS) may be used to determine the ground speed of work machine 10.

Alternatively or additionally, load counter 46 may be enabled
based on the output of a positioning system (not shown). The positioning system
could include, for example, one or more GPS receivers (not shown) to determine
an actual change in location of work machine 10. For example, the positioning
system may determine a change in location of work machine 10, and/or a
departure from, or arrival at a predetermined location. The positioning system
may be satellite-based, laser-based, or any other type of positioning system
capable of determining a position or a change in position of work machine 10.

Alternatively or additionally, load counter 46 may record a load
(e.g., increment a dump cycle count) when the dump control device 24 and/or
controller 37 remain in a “dump state” for a predetermined period of time. The
predetermined period of time may be some portion of the amount of time that it
takes to fully actuate dump actuator 18. For example, the predetermined period
of time may be less than the total time required to completely dump a payload of
known quantity. The predetermined period of time can be set to any desired
quantity and further may, in some applications, be selectable by an owner,
operator, etc. In certain applications, it may be desirable for the predetermined
period of time to be relatively short (e.g., five seconds). In particular

embodiments, it may even be desirable for the predetermined period of time to be
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zero, thus enabling virtually instantaneous recordation of a dump cycle upon
recognition of a dump state.

In an exemplary embodiment, the predetermined period may be
approximately five seconds, whereas some hauling vehicles may take
approximately ten to twenty seconds for the dump actuator to fully extend. When
setting and/or selecting the predetermined period, one possible consideration
could be whether actuation resulting in only a minute extension of dump actuator
18 (e.g., several inches) is desired to be counted as a dump. At the other end of
the spectrum, another possible consideration may be whether a substantial, but
incomplete, extension of dump actuator 18 (e.g., 75% of full extension) is desired
to be counted as a dump.

Load counter 46 may also be configured to record additional
operational information related to the operation of work machine 10. This
additional information may include data regarding, for example, distance
traveled, operation time, fuel consumption and/or any other data for which it may
be desired to keep a record. Further, load counter 46 may be configured to
compile this data, as well as a dump cycle count, and determine totals or subtotals
for one or more categories of data. These totals or subtotals may be established
for a particular task or group of tasks (e.g., a dump cycle, moving a stockpile,
etc.), for a selected time period (e.g., hour, day, month, year, work shift, rental
period, lifetime of the machine, etc.), and/or for a particular body of work (e.g.,
work done at a particular jobsite or by a specific operator, etc.).

Load counter 46 may be configured to keep track of distance
traveled by work machine 10 in a forward direction and in a reverse direction
separately. This data may be collected with odometer 52, or any other device or
system for monitoring distance traveled.

Travel direction selector 54 may allow an operator to select which

direction work machine 10 may travel (i.e., forward or reverse). Travel direction
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selector 54 may be a gear selector (e.g., levers, buttons, etc.), capable of selecting
among one or more forward gears and one or more reverse gears.

Alternatively, travel direction selector 54 may simply choose
between a forward, reverse, and neutral, travel directions. Certain embodiments
may include this sort of travel direction selector 54, but may have more than one
forward gear and/or more than one reverse gear. Such embodiments of work
machine 10 may include automatic transmissions that may automatically choose
the appropriate gear. For example, if travel direction selector 54 has been set to
“forward,” the transmission may choose whichever forward gear is appropriate
for the operating conditions of work machine 10. Embodiments with multiple
reverse gears may operate in a similar manner.

Information from odometer 52 and travel direction selector 54
may be processed by load counter 46 to determine how far work machine 10 has
traveled in each direction. Alternatively, work machine 10 may have two of
odometer 52, one for each direction. Further, the distance traveled in a forward
direction may be combined with the distance traveled in a reverse direction to
yield a total distance traveled.

Load counter 46 may also monitor fuel consumption using
information from fuel usage meter 56. Fuel usage meter 56 can be any device or
system configured to determine the amount of fuel used during a given period of
time, over a particular distance traveled, or during completion of a particular task
or group of tasks. Alternatively or additionally, load counter 46 may be
configured to use information from fuel usage meter 56 and odometer 52 to
determine fuel efficiency. Fuel consumption may be monitored in any other
suitable way depending on the particular application.

Display 26 may display data acquired and/or processed by load
counter 46. Fig. 4 illustrates an embodiment of display 26 showing an exemplary
set of totals. Display 26 may list all totals on a single screen or, alternatively,

display 26 may scroll or be menu driven. Display 26 may include a screen 58,
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and buttons 60 for navigation through one or more menus. In lieu of one or more
of buttons 60, display 26 may include any other type of control input, such as, for
example, knobs, dials, etc. As an additional alternative, display 26 may include a
touchscreen, and/or may include “softkeys.”

The following charts illustrate exemplary totals and subtotals that
may be established by load counter 46, and possible menu categories under which
they may fall. For example, Chart 1 below shows totals that may be established
on a per cycle basis. The first column indicates a subcategory entitled “COADS,”
under which two subtotals are listed, namely, the “Load Count” (i.e., number of
dump cycles) and the number of loads that are being made per hour
(“Loads/Hour”). These two subtotals are shown by example in Fig. 4.

Also in Chart 1, two other subcategories, “TIMES” and
“DISTANCES,” may be selected in order to view subtotals for the amount of
wait time per cycle, the total time per cycle, the distance traveled per cycle, and
the amount of fuel consumed per cycle. Charts 2-4 display additional totals and

subtotals that may be recorded by load counter 46 and/or displayed by display 26.

ICYCLES
LOADS TIMES DISTANCES
Load Count Wait Time/Cycle |Distance/Cycle
Loads/Hour Total Time/Cycle |Fuel/Cycle
Chart 1.
CURRENT JOB
DISTANCES TIMES FUEL
Forward Dist. [Wait Hours Fuel Used
Reverse Dist.  [Total Hours Fuel/Hour
Chart 2.
JOBSITE TOTALS
LOADS DISTANCES TIMES
Load Count Forward Dist. Wait Hours
Reverse Dist. Total Hours

Chart 3.
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LIFETIME TOTALS
LOADS DISTANCES| TIMES
Load Count Forward Dist.|Wait Hours
Reverse Dist. [Total Hours
Chart 4.

Fig. 5 shows exemplary control logic that the disclosed system
may follow. At step 62 the routine may start and at step 63, the routine may
determine whether the command state of dump control device 24 and/or
controller 37 is a float state. If not, then the routine may loop back to start. If the
command state is a float state, then the routine may proceed to step 64, where it
may determine whether the ground speed of work machine 10 is greater than a
predetermined threshold. If not, the routine may loop back to start. If the ground
speed has exceeded the threshold, then load counter 46 may be enabled (step 66)
and the routine may proceed to determine whether the command state of dump
control device 24 and/or controller 37 has been a dump state for at least a
predetermined period of time (step 68). If not, then the routine may loop back to
perform step 68 again. If the command state has been a dump state for at least
the predetermined period of time, then load counter 46 may record a dump (step
70) and display 26 may be updated accordingly (step 72). Once a single dump
has been recorded, the second dump will complete a full dump cycle (i.e., from
dump to dump). Therefore, any totals such as time per dump cycle, may be

established at the time the second dump is completed.

Industrial Applicability

The disclosed system may be applicable to any type of hauling
vehicle with a dump mechanism. The disclosed system may be useful for
monitoring productivity of a work machine and/or operator, as well as for
scheduling maintenance for the work machine (e.g., it may be desirable to service

dump actuator 18 every so many dump cycles).
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The disclosed system may be original equipment, but also lends
itself well to retrofit applications due to minimal hardware componentry. Some
embodiments of the disclosed system may determine, without the use of sensors,
whether a dump has occurred. For such embodiments, the lack of sensors may
translate into fewer components to be installed in order to retrofit the system to a
machine. Some embodiments may consist completely of computer programming,
and thus installation may include downloading of new instructions to or
reprogramming of controller 37 (i.e., load counter 46 may be integral with
controller 37 in the form of computer code).

Other embodiments may include load counter 46 as a separate
piece of hardware, which may or may not include software. Such systems may
be in a “piggyback” configuration, where a new processor (e.g., load counter 46)
is “piggybacked” onto an existing processor (e.g., controller 37). That is, rather
than reprogramming an existing processor, a new processor may be separately
installed and tied into the existing processor. As yet another alternative,
controller 37 may be replaced altogether with a new processor that incorporates
the functions of both controller 37 and load counter 46. Some embodiments may
include display 26 and software to perform the functions of load counter 46. In
such embodiments, hardware installation may consist solely of display 26.
Again, any software changes could be achieved by downloading, reprogramming,
or component replacement.

The disclosed system may also minimize or prevent padding of a
load count because of several design features. First, the system, in some
embodiments, may determine whether a dump has occurred (i.e., whether the
command state of dump control device 24 and/or controller 37 is a dump state)
without the use of sensors. In particular, in embodiments where controller 37 is a
processor, the command state of controller 37 may be indicated by values

associated with the memory of controller 37. Therefore, the command state of
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controller 37 may be determined by monitoring its memory, which does not
require a sensor.

Second, padding may be curtailed in the current system by
employing a ground speed threshold condition. In some embodiments, load
counter 46 may be enabled to record a dump cycle only if work machine 10 has
exceeded a predetermined ground speed, for example, since the last dump.
Because of this threshold condition, an operator may be prevented from padding
the dump cycle count by actuating the dump actuator repeatedly without moving
the machine above the predetermined speed in between each dump.

Third, padding may be curtailed, in certain embodiments, where
time is recorded. For example, if load counter 46 is configured to record the
amount of time it takes to complete each dump cycle, and an operator performs
an extra actuation of dump actuator 18 halfway through the dump cycle, then this
may be recorded in the stored data. Persons reviewing the dump cycle data may
recognize that at least one of the dump cycles took substantially less time to
complete than the rest. Similarly, recording the distance traveled during dump
cycles may enable persons reviewing dump cycle data to spot potential fraudulent
dumps. For example, if it is known that work machine 10 is transporting loads
approximately ten miles from load site to dump site, then the total distance
traveled for each dump cycle should be recorded as roughly twenty miles.
However, if there is an outlying data point, such as, for example, a dump cycle
that indicates five miles were traveled, then this may raise suspicion that one or
more dumps may be fraudulent.

Appropriate selection of a predetermined amount of time that a
dump state must exist in order to enable dump counter 46 may render the system
capable of recording dumps that might otherwise go unrecognized, and capable
of disregarding others that are not desired to be considered a dump. In a work
machine that takes ten to twenty seconds to complete full extension of dump

actuator 18, by looking for dump control device 24 and/or controller 37 to remain
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in a dump state for about five seconds (i.e., about one quarter to one half of the
time it may take for full extension of dump actuator 18), load counter 46 may
count periods of actuation that fall short of full extension of dump actuator 18 but
may result in a complete dump of the payload. For example, in some instances,
an operator may wish to only raise dump body 16 by a small amount in order to
dump a payload slowly. The operator may also move work machine 10 forward
slowly while dumping the payload slowly, in order to spread out the payload
along the ground. In this circumstance, monitoring for a dump state of a shorter
duration (e.g., five seconds) may enable load counter 46 to recognize this type of {
complete offload of the payload to be a dump, and record a dump cycle |
accordingly, despite dump body 16 not being completely raised.

Further, load counter 46 may avoid counting periods of actuation
of dump actuator 18 that may be too short to effectuate dumping of the payload.
For example, in some circumstances, a operator of work machine 10 may raise
dump body 16 by a small amount in order to shift the center of gravity of the
payload so that it is over the rear wheels for purposes of traction. It may be
undesirable to count this minor adjustment as a dump, as it might not result in
any offloading of the payload. Therefore, requiring a dump state to exist for a
more substantial amount of actuation of dump actuator 18 (e.g., five seconds)
may avoid counting a minute extension of dump actuator 18 that results from,
say, one second of actuation, as a dump.

Some embodiments of the system may require detection of less
than full actuation of dump actuator 18 in order to record a dump cycle, which
may make for a less complicated system. For example, less data and/or fewer
events must be monitored in order to determine that a dump has occurred.
Accordingly, this may be accomplished with simpler computer code in some
embodiments. In addition, detection of less than a full actuation of dump actuator

18 may enable dumps to be recorded that otherwise would not, such as where an
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operator may dump the payload by lifting dump body 16 less than the full
amount, as described above.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed dump cycle counting
and monitoring system without departing from the scope of the invention. Other
embodiments of the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed herein.
It is intended that the specification and examples be considered as exemplary
only, with a true scope of the invention being indicated by the following claims

and their equivalents.
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The claims defining the invention are as follows:
1. A dump cycle counting system for a machine, comprising;:
a payload carrier configured to contain a payload of material;
a dump actuator configured to effectuate dumping of the payload out of the payload carrier;
a controller configured to control actuation of the dump actuator;

a load counter configured to record at least one dump cycle based on a command state of the

controller;

wherein the command state of the controller corresponds to a memory value associated with

the controller.

2. The system of claim 1, further including a display configured to display a dump

cycle count.

3. The system of claim 2, wherein the display is configured to display at least one of

time, distance, and fuel consumption associated with a dump cycle.

4, The system of claim 1, wherein the load counter is configured to record at least one
dump cycle after a predetermined period of time during which the command state corresponds to a

dump state.

5. The system of claim 4, wherein the predetermined amount of time is less than a total

time required to completely dump the payload.

6. The system of claim 1, wherein the load counter is enabled to record at least one

dump cycle upon the machine reaching a predetermined ground speed .

7. The system of claim 1, wherein the load counter is enabled to record at least one

dump cycle based on a change in location of the machine as determined by a positioning system.

8. The system of claim 7, wherein the positioning system includes at least one global

positioning system (GPS) receiver.
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9. The system of claim 1, wherein the dump actuator is configured to effectuate

dumping of the payload by lifting the payload carrier at an angle relative to a frame of the machine.

10.  The system of claim 1, wherein the dump actuator is configured to effectuate
dumping of the payload by moving an ejector plate to push payload material out of the payload

carrier.

11.  The system of claim 1, wherein the load counter is configured to record additional
operational information about at least one dump cycle, the information including at least one of

time, distance travelled, and fuel consumption.

12. The system of claim 1, wherein recorded information related to dump cycles is

configured to be provided to an entity external to the machine.
13. A machine, comprising:
a power source;
one or more traction devices; and

a dumping cycle counting system of any one of the preceding claims.
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