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7) ABSTRACT

A control system implements several methods for automat-
ing work functions of a machine. Single activation of an
operator switch generates a command to automatically per-
form a desired work function. A controller determines
whether conditions are satisfactory to perform the desired
function. When the conditions are satisfactory, the work
function is performed automatically without requiring the
operator to manipulate levers that are otherwise used to
control the work implement of the machine.
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METHODS FOR AUTOMATING WORK
MACHINE FUNCTIONS

This application claims the benefit of prior provisional
patent application Serial No. 60/138,904 filed Jun. 11, 1999.

TECHNICAL FIELD

This invention generally relates to a system and method
for controlling work machine functions and, more particu-
larly to methods for automating work machine functions that
are performed on a repetitive basis.

BACKGROUND ART

A variety of work machines are utilized for construction
and excavation work. Examples of such machines include
excavators, wheel loaders, front shovels and front end
loaders. Each one of these types of machines includes a
work implement so that a variety of tasks can be performed.
The work implement is supported by a plurality of linkages.

The machine operator typically uses a plurality of levers
to manipulate the work implement and supporting linkage
into a variety of positions to perform the various tasks that
are required on a typical earth moving job. A major short-
coming of current arrangements is that the operator typically
experiences fatigue from the repetitive and continuous
movement of the levers to perform various work functions
on a job site. This is especially true when certain functions
are repeated many times during a typical work day.

Another shortcoming of conventional arrangements is
that an operator must be highly skilled in order to accurately
and efficiently perform the various work functions using the
work machine. The size, power and expense of typical work
machines requires a highly skilled operator to avoid poten-
tial damage to the machine or other equipment on a job site.
An operator also must develop skills at manipulating the
plurality of levers in specific sequences and with specific
timing in order to efficiently perform various work func-
tions.

There is a need for simplifying the tasks of operating
heavy duty work machinery. Minimizing operator fatigue
will not only improve working conditions for the operator,
but will also enhance the efficient use of the work machinery
during a typical day.

This invention addresses that need by providing a system
and control methods for automating certain work functions.

DISCLOSURE OF THE INVENTION

In general terms, this invention is a system for automating
work machine functions. The work machine includes a work
implement that is supported by a plurality of linkages and is
moveable into a plurality of positions to accomplish neces-
sary work functions. The work machine includes an operator
interface that has at least one operator switch that is selec-
tively activated by the operator to generate a command to
automate a desired work function. A system controller
interprets the command from the operator switch and deter-
mines whether preselected conditions necessary to perform
the desired work function exist. Once the controller has
confirmed that the necessary conditions have been met, the
controller controls the work machine so that the desired
work function is performed automatically responsive to the
single switch activation by the operator.

In another aspect of this invention, the system controller
determines when the work implement is within a predeter-
mined range of positions, which may introduce undesirable
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2

machine performance. The system controller modifies the
operator switch signals for moving the work implement
through the predetermined range such that the work machine
is stabilized while performing the desired work function.

The various features and advantages of this invention will
become apparent to those skilled in the art from the follow-
ing detailed description of the currently preferred embodi-
ments. The drawings that accompany the detailed descrip-
tion can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic illustration of a work machine
including a control system designed according to this inven-
tion.

FIG. 2 is a diagrammatic illustration of another work
machine that can be operated using the methods of this
invention.

FIG. 3 is a diagrammatic illustration of an operator
interface panel designed according to this invention.

FIG. 4 is a block diagram of an electrohydraulic control
system of a work machine.

FIGS. 5A and 5B are flow chart diagrams illustrating a
first method of this invention.

FIGS. 6A and 6B are flow chart diagrams illustrating a
second method of this method.

FIG. 7 is a flow chart diagram illustrating a third method
of this invention.

FIG. 8 is a flow chart diagram illustrating another method
of this invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

FIG. 1 diagrammatically illustrates a heavy duty work
machine 20. The illustrated work machine is commonly
referred to as a wheel loader. It is important to note that this
invention is not limited to use with wheel loaders. A variety
of work machines that require movement of more than one
component to complete a work function can be operated
using the system and methods of this invention. Other types
of machines for which this invention is useful include track
loaders, excavators, and the like.

The machine 20 includes a work implement 22 having
moveable members that are moveable into a variety of
positions to perform various work functions and rotary
members 123 which serve as a motive means for the
machine. The work implement 22 includes a lift arm 24,
bucket link 26, lever link 27 and a work attachment 28,
shown here as a bucket.

The work implement 22 is supported by the machine body
portion 30, which houses the engine and supports an opera-
tor compartment. A control panel 32 is positioned within the
operator compartment so that the operator can manipulate a
plurality of levers 34 to move the work implement 22
through a series of positions to perform desired work
functions. The control panel 32 designed according to this
invention also includes at least one operator switch 36 for
performing automated work functions as will be described
below.

The lift arm 24 is moved relative to the machine body
portion 30 by hydraulic cylinder 40, which is normally
controlled by movement of one of the dedicated levers 34.
Similarly, the lever link 27 is moved relative to the lift arm
24 through hydraulic cylinder 42 and the work attachment
28 is moved relative to the lift arm 24 through hydraulic
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cylinder 42, bucket link 26, and lever link 27. The operator
control panel 32 includes a plurality of levers 34, each of
which preferably enables the operator to control the opera-
tion of a respective one of the hydraulic cylinders 40,42 for
manipulating the work implement 22 as required to perform
a desired work function. Similar control functions are per-
formed on excavators, an example of which is shown in FIG.
2. FIG. 2 is an illustrative example of a hydraulic excavator.
The work machine 200 consists of a machine body 216
which is rotatably mounted on a rotary track 124, and work
implement 204. The work implement 204 includes a boom
206, stick 208, and a work attachment 202, as well as
hydraulic cylinders 210, 212, and 214 which manipulate the
boom 206, stick 208, and work attachment 202.

As best seen in FIG. 3, the control panel 32 preferably
includes at least one operator switch 36. The illustrated
embodiment includes three switches 36A, 36B and 36C.
Additional switches can be added at any time for other
automated work functions. Push button switches are shown
as an example of the operator switch that is useful with this
invention. Other switches could be utilized such as toggle
switches, rocker switches or rotary knobs. The operator
switch preferably is a momentary switch that only requires
a brief activation by the operator to generate an operator
switch signal that is utilized by the controller 46 to carry out
an automated work function.

With reference to FIG. 4, an implement control system
300 of the present invention as applied to a wheel type
loader is diagrammatically illustrated. The implement con-
trol system is adapted to sense a plurality of inputs and
responsively produce output signals which are delivered to
various actuators in the control system. Preferably, the
implement control system includes a microprocessor-based
controlling means 46.

The operator positions levers 34 to control the operation
of the hydraulic cylinders in order to manipulate the work
attachment 28 and the work implement 22. The operator
additionally activates the switches to perform an automated
work function. The switches deliver an operator switch
signal to the controller 46 which performs calculations and
generates a control signal to control the hydraulic cylinders
40,42.

Position sensors 316,318 sense the position of the hydrau-
lic cylinders 40,42 and responsively produce respective
cylinder position signals. In one embodiment, the position
sensors 316,318 include rotary potentiometers. The rotary
potentiometers produce analog signals which are then con-
verted to pulse width modulated signals in response to the
angular position of the lift arm 24 with respect to the
machine 20 and the work attachment 28 with respect to the
lift arm 24. The angular position of the lift arm is a function
of the lift cylinder extension 40, while the angular position
of the work attachment 28 is a function of both the hydraulic
cylinder extensions 40 and 42. The controller 46 receives the
respective position signals and calculates the linear position
of the respective cylinder. Note that the function of the
position sensors 316,318 can readily be any other sensor
which is capable of measuring, either directly or indirectly,
the relative extension of a hydraulic cylinder. For example,
the potentiometers could be replaced with radio frequency
(RF) sensors disposed within the hydraulic cylinders. A
valve 302 is responsive to control signals produced by the
controller and provides hydraulic fluid flow to the hydraulic
cylinders 40,42.

A rotary position sensor 320 senses the rotation of the
rotary members 123 or rotary track 124 and responsively
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4

produces an electrical signal indicative of the amount of
rotation. A rotary position sensor 326 senses the rotation of
the machine body 216 and responsively produces an elec-
trical signal indicative of the amount of rotation. Such rotary
position sensors are well known in the art and need not be
further discussed.

The valve 302 may include multiple main valves (for
example, two main valves for each of the hydraulic cylinders
40,42) and multiple electrically actuated pilot valves (for
example, two pilot or secondary valves for each main valve).
The main valves direct pressurized fluid to the cylinders
40,42 and the pilot valves direct pilot fluid flow to the main
valves. Each pilot valve is electrically connected to the
controller 46. Two main pumps 312,314 are used to supply
hydraulic fluid to the main spools, while a pilot pump 322
is used to supply hydraulic fluid to the pilot valves. An on/off
solenoid valve and pressure relief valve 324 are included to
control pilot fluid flow to the pilot valves.

The controller 46 preferably includes RAM and ROM
modules that store software programs to carry out certain
features of the present invention. Each software program
corresponds to a work function that is used to control the
work implement. The work functions include an automatic
lift function which extends and retracts the hydraulic cylin-
ders 40,42 to control the bucket height, an automatic dump
function which extends and retracts the hydraulic cylinders
40,42 to control the bucket attitude and bucket height, and
an automatic return to dig function which extends and
retracts the hydraulic cylinders 40,42 to control the bucket
attitude and bucket height.

The controller 46 receives the operator switch signals
from the control panel 32 and responsively produces control
signals to control the respective hydraulic cylinders at a
desired velocity. The valve 302 receives the control signals
and controllably provides hydraulic fluid flow to the respec-
tive hydraulic cylinder in response to the magnitude of the
control signals.

The control system of this invention enables an operator
to repeatedly complete certain of the work functions by
simply activating one of the switches 36A, 36B or 36C,
depending on the desired work function.

The automatic work functions available include an auto
lift, auto dump, and auto return to dig work function. These
functions are used to automatically manipulate the hydraulic
cylinders on the linkage to produce the desired results. The
auto lift function is used to automatically lift the loader
linkage to raise the bucket to a predetermined maximum
height. This function is used when the bucket has been filled
and the machine is moving toward the desired dumping
point. The auto dump function causes the linkage to lift and
dump simultaneously to cause a full bucket to pour out the
material captured in the bucket. This feature is currently
performed manually by the operator, who must manipulate
two levers at the same time. The auto return to dig function
causes the bucket to rack back while the operator backs the
machine away from the dumping area. The controller deter-
mines when the machine has backed enough that the bucket
is clear of the truck or other dumping receptacle, then the
controller automatically lowers the bucket to the ground to
facilitate a quick return to a digging position. These work
functions will be discussed in greater detail below.

FIG. 7 illustrates a flow chart 150 showing the preferred
method of performing the automated lift function. When the
operator activates the operator switch 36A, for example, an
auto lift command is issued at step 152. The controller 46
first determines whether the command is a repeat command
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