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Description

Technical Field

[0001] The present disclosure generally relates to ar-
ticulated machines such as motor graders and, more par-
ticularly, relates to a system and method for automatically
controlling articulation of an articulated machine.

Background

[0002] An articulated machine, such as a motor grader,
is a versatile apparatus for road work, ditch work, site
preparation and other surface contouring and finishing
tasks. The versatility of a motor grader is provided in large
part by its multiple course setting and course change
options. In particular, a motor grader typically includes a
steering function implemented via steerable ground en-
gaging wheels while also allowing some degree of course
correction or steering via lateral arching or articulation of
the machine frame. In this manner, for example, a motor
grader may be steered and articulated to follow a curve
without driving the rear wheels across the area inside the
curve and disturbing the just graded area.
[0003] As should be recognized from the above, motor
graders, and other articulated machines, are complex
pieces of heavy machinery and are operatively complex.
Controlling a motor grader includes numerous hand-op-
erated controls to steer the front wheels, position the
blade, control articulation, control auxiliary devices such
as rippers and plows, and various displays for monitoring
machine conditions and/or functions. Control of a motor
grader requires highly skilled and focused operators to
position the blade while controlling steering.
[0004] Automatic articulation control can help relieve
an operator of an articulated machine from the moment-
to-moment monitoring of articulation while making turns
but for reasons including safety, such system may be
disengaged under different conditions, such as when the
speed of a vehicle exceeds a threshold speed. For ex-
ample, U.S. Patent Application Publication
2011/0035109 ("Steering System with Automated Artic-
ulation Control") describes a system wherein machine
articulation is automatically controlled based on machine
steering. The system of the ’109 publication adjusts ma-
chine articulation to follow steering angles and com-
mands, thereby maintaining tracking between the front
and rear wheels of the machine. Automated articulation
should be automatically disengaged when the ground
speed of the machine exceeds a limit.
[0005] However, there may be situations in which the
automatic disengagement of the automated articulation
control function may leave the machine in an undesirable
articulated position, such as when increasing speed past
the limit or other condition while executing a turn. Further,
automatic disengagement of the automatic articulation
control function may require that an operator manually
re-engage the automatic articulation control function af-

ter the condition clears, which can both distract the op-
erator and leave the automatic articulation control func-
tion disabled longer than may be necessary or desirable.

Summary

[0006] In accordance with one aspect of the present
disclosure, a method is disclosed for operating a motor
grader that has front wheels that are steerable, where
the front wheels attached to a front frame and the front
frame and a rear frame are pivotally connected at an
articulation joint. The method includes engaging an elec-
tronic controller to activate an automatic articulation con-
trol function that controls articulation of the motor grader
at the articulation joint based on a steering angle of the
front wheels. The method also includes operating the mo-
tor grader at an articulation angle with a magnitude great-
er than a predetermined threshold angle between the
front frame and the rear frame responsive to instructions
from the electronic controller. The threshold angle is a
range from positive to negative 0.2 degrees. The method
further includes determining at the electronic controller
that a condition exists that indicates automatic articula-
tion control should be disengaged, the condition being
that the groundspeed is greater than a designated max-
imum groundspeed or an inability to determine a ground-
speed at the electronic controller and, responsive to the
determination, configuring the electronic controller to on-
ly allow decreasing the articulation angle. The method
continues by decreasing the articulation angle of the mo-
tor grader until the articulation angle reaches the thresh-
old angle, at which time the automatic articulation control
function is disengaged by the electronic controller.
[0007] Other features and advantages of the disclosed
systems and principles will become apparent from read-
ing the following detailed disclosure in conjunction with
the included drawing figures.

Brief Description of the Drawings

[0008]

Fig. 1 is a side view of a motor grader constructed
in accordance with the present disclosure;
Fig. 2 is a top view of the motor grader of Fig. 1;
Fig. 3 is a schematic top view of a motor grader during
an automatic articulation mode of operation in ac-
cordance with the present disclosure;
Fig. 4 is a block diagram of an exemplary steering
control system in accordance with the present dis-
closure; and
Fig. 5 is a simplified illustration of a cab control for
an automatic articulation control function;
Fig. 6 is a flow chart depicting a process of imple-
menting an automatic articulation control function;
Figs. 7-10 are exemplary transfer functions related
to full range and non-linear articulation to steering
angle control; and
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Figs. 11-12 are prior art transfer functions related to
partial range steering control angle.

Detailed Description

[0009] The present disclosure provides a system and
method that uses an automatic articulation system for
enabling an operator of a motor grader or other articulat-
ed machine to optimize use of the articulation capabilities
of the articulated machine. In particular, the system and
method may employ a controller that prevents automatic
articulation control functions from starting or disables au-
tomatic articulation control when any of a number of con-
ditions are detected. In addition, some automatic articu-
lation control features may allow limited operation to cor-
rect an undesired articulation angle prior to disabling or
suspending operation. As disclosed below, the automatic
articulation control functions improve both safety and
ease of use as well as providing additional articulation
tracking modes.
[0010] Fig. 1 is a schematic side view of an articulated
machine 10, specifically, a motor grader in accordance
with an embodiment of the present disclosure. The artic-
ulated machine 10 includes a front frame 12, rear frame
14, and a work implement 16, e.g., a blade assembly 18,
also referred to as a drawbar-circle-moldboard assembly
(DCM). The rear frame 14 includes a power source (not
shown), contained within a rear compartment 20, that is
operatively coupled through a transmission (not shown)
to rear traction devices or wheels 22 for primary machine
propulsion.
[0011] As shown, the rear wheels 22 are operatively
supported on tandem axels 24 which are pivotally con-
nected to the machine between the rear wheels 22 on
each side of the articulated machine 10. The power
source may be, for example, a diesel engine, a gasoline
engine, a natural gas engine, or any other engine known
in the art. The power source may also be an electric motor
linked to a fuel cell, capacitive storage device, battery,
or another source of power known in the art. The trans-
mission may be a mechanical transmission, hydraulic
transmission, or any other transmission type known in
the art. The transmission may be operable to produce
multiple output speed ratios (or a continuously variable
speed ratio) between the power source and driven trac-
tion devices.
[0012] The front frame 12 typically supports an oper-
ator station 26 that contains operator controls 106, along
with a variety of displays or indicators used to convey
information to the operator, for primary operation of the
articulated machine 10. The front frame 12 may also in-
clude a beam 28 that supports the blade assembly 18
and which is employed to move the blade 30 to a wide
range of positions relative to the articulated machine 10.
The blade assembly 18 includes a drawbar 32 pivotally
mounted to a first end 34 of the beam 28 via a ball joint
(not shown) or the like. The position of the drawbar 32 is
typically controlled by hydraulic cylinders: a right lift cyl-

inder 36 and left lift cylinder 38 (Fig. 2) that control vertical
movement, and a center shift cylinder 40 that controls
horizontal movement. The right and left lift cylinders 36,
38 are connected to a coupling 70 that includes lift arms
72 pivotally connected to the beam 28 for rotation about
axis C. A bottom portion of the coupling 70 may have an
adjustable length horizontal member 74 that is connected
to the center shift cylinder 40.
[0013] The drawbar 32 may include a large, flat plate,
commonly referred to as a yoke plate 42. Beneath the
yoke plate 42 is a circular gear arrangement and mount,
commonly referred to as the circle 44. The circle 44 is
rotated by, for example, a hydraulic motor referred to as
the circle drive 46. Rotation of the circle 44 by the circle
drive 46 rotates the attached blade 30 about an axis ’A’
perpendicular to a plane of the drawbar yoke plate 42.
The blade cutting angle is defined as the angle of the
work implement 16 relative to a longitudinal axis 48 of
the front frame 12. For example, at a zero degree blade
cutting angle, the blade 30 is aligned at a right angle to
the longitudinal axis 48 of the front frame 12 and beam
28 (Fig. 2).
[0014] The blade 30 is also mounted to the circle 44
via a pivot assembly 50 that allows for tilting of the blade
30 relative to the circle 44. A blade tip cylinder 52 is used
to tilt the blade 30 forward or rearward. In other words,
the blade tip cylinder 52 is used to tip or tilt a top edge
54 relative to the bottom cutting edge 56 of the blade 30,
which is commonly referred to as a blade tip. The blade
30 is also mounted to a sliding joint associated with the
circle 44 that allows the blade 30 to be slid or shifted from
side-to-side relative to the circle 44. The side-to-side shift
is commonly referred to as blade side shift. A side shift
cylinder (not shown) or the like is used to control the blade
side shift.
[0015] Motor grader steering is accomplished through
a combination of both front wheel steering and machine
articulation. As shown in Fig. 2, steerable traction devic-
es, such as right and left wheels 58, 60, are associated
with the first end 34 of the beam 28. Wheels 58, 60 may
be both rotatable and tiltable for use during steering and
leveling of a work surface 86 (Fig. 1). Front wheels 58,
60 are connected via a steering apparatus 88 that may
include a linkage 90 and a hydraulic cylinder (not shown)
for rotation at front wheel pivot points 80, Fig. 3, and tilt
cylinders 92 for front wheel tilt. Front steerable wheels
58, 60 and/or rear driven traction devices 22, may include
tracks, belts, or other traction devices as an alternative
to wheels as is known in the art. The front wheels 58, 60
may also be driven, as is the case in motor graders pro-
vided with all wheel drive. For example, the power source
may be operatively connected to a hydraulic pump (not
shown) fluidly coupled to one or more hydraulic motors
(not shown) associated with the front wheels 58, 60.
[0016] Referring to Figs. 1 and 3, the articulated ma-
chine 10 includes an articulation joint 62 that pivotally
connects front frame 12 and rear frame 14. Both a right
articulation cylinder 64 and left articulation cylinder 66
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(Fig. 3) are connected between the front frame 12 and
rear frame 14 on opposing sides of the articulated ma-
chine 10. The right and left articulation cylinders 64, 66
are used to pivot the front frame 12 relative to the rear
frame 14 about an articulation axis B (Fig. 1). In Fig. 2,
the articulated machine 10 is positioned in the neutral or
zero articulation angle position with the longitudinal axis
48 of the front frame 12 aligned with a longitudinal axis
68 of the rear frame 14. Fig. 3 is a schematic top view of
an articulated machine 10 with the front frame 12 rotated
at an articulation angle α defined by the intersection of
longitudinal axis 48 of front frame 12 and longitudinal axis
68 of the rear frame 14, the intersection corresponding
with the position of articulation joint 62. In this illustration
a positive α is indicative of a left articulation from the
perspective of an operator facing forward, while a nega-
tive α (not shown) would be indicative of a right articula-
tion. A front wheel steering angle θ is defined between a
longitudinal axis 76 parallel to the longitudinal axis 48 of
front frame 12, and a longitudinal axis 78 of the front
wheels 58, 60, the angle θ having an origin at a pivot
point 80 of the front wheels 58, 60. This is demonstrated
in connection with right front wheel 58, but equally applies
to left front wheel 60. As with articulation angle, a positive
θ is defined as the front wheels 58,60 being to the left of
longitudinal axis 76 and a negative θ defined as the front
wheels 58, 60 being to the right of longitudinal axis 76.
[0017] In in the interest of brevity and minimization of
any risk of obscuring the principles and concepts in ac-
cordance to the present disclosure, unless other speci-
fied, the description of steering angles and articulation
angles are assumed to be magnitudes with absolute val-
ues. That is, a range of 0 degrees to 20 degrees of ar-
ticulation refers to 0 degrees to + 20 degrees and 0 de-
grees to -20 degrees. Similarly, a range of steering angle
of 0 degrees to 12 degrees refers to a range including
both 0 degrees to + 12 degrees and 0 degrees to -12
degrees. Another steering angle range of +12 degrees
to 50 degrees includes steering angles of +12 degrees
to +50 degrees and -12 degrees to -50 degrees. Lastly,
steering angle ranges and articulation angle ranges are
assumed to have non-overlapping values, so that when
one range is, for example, a steering angle of 0 degrees
to +12 degrees and another range is +12 degrees to +50
degrees, one value is either slightly higher or lower than
exactly 12 degrees.
[0018] With reference now to Fig. 4, a block diagram
of an exemplary steering control system 100 in accord-
ance with an embodiment of the disclosure is provided.
The control system 100 generally includes an electronic
controller 102 configured, for example, via a control al-
gorithm, to receive a plurality of instructions from various
sensors and/or operator commands, and to responsively
provide instructions to control various machine actuators
and/or communicate with the machine operator. Control-
ler 102 may include various components for executing
software instructions designed to regulate various sub-
systems of the articulated machine 10. For example, the

controller 102 may include a processor 103, a memory
105, that may include a random access memory (RAM)
and a read-only memory (ROM). The memory 105 may
also include a mass storage device, data memory, and/or
on a removable storage medium such as a CD, DVD,
and/or flash memory device, but does not include prop-
agated media such as a carrier wave. The controller 102
may execute machine readable instructions stored in the
memory 105. The controller 102 may also include in-
put/output hardware 107 coupled to various sensors and
output devices described below.
[0019] The control system 100 may be configured to
control machine articulation for machine articulation
based upon operator control of the front wheel steering.
Accordingly, the controller 102 may be configured to re-
ceive an indication of the front wheel steering angle θ. In
some examples, the articulated machine 10 includes one
or more steering angle sensors 104 that may be associ-
ated with one or both of the right and left front wheels 58,
60. In some such examples, the steering angle sensor
104 is configured to monitor the wheel steering angle θ
by monitoring angles of rotation of steering linkages
and/or pivot points at the front wheels.
[0020] The steering angle sensors 104 may be config-
ured to monitor the wheel steering angle by measuring
the extension amount of an actuator (not shown), such
as a hydraulic actuator, that controls the steering of front
wheels 58, 60. Other sensor configurations are well
known in the art. The steering angle sensors 104 may
provide data "indicative of’ the steering angle, which
should be understood to mean direct measurements of
the quantity or characteristic of interest, as well as indirect
measurements, for example of a different quantity or
characteristic having known relationships with the quan-
tity or characteristic of interest.
[0021] The controller 102 may be configured to receive
a signal from one or more operator steering controls 106
that may be employed to provide an indication of steering
angle θ. These controls 106 may be, for example, a steer-
ing wheel 106 as shown in Figs. 1-2, or any other type
of operator input device, such as a dial, joystick, key-
board, pedal or other devices known in the art. In one
embodiment, for example, a steering wheel sensor may
be provided that senses the rotation or position of the
steering wheel 106 to provide an indication of steering
angle θ. Whether received via the steering angle sensors
104 or operator steering controls 106, a steering signal
may be generated that is used in the controller to deter-
mine a steering angle of the front wheels 58, 60.
[0022] One or more articulation sensors 108 may be
employed to provide an indication of the articulation angle
α at the axis B between the rear frame 14 and front frame
12. In some examples, the articulation sensor 108 is a
pivot sensor disposed at articulation joint 62 to sense
rotation at articulation axis B. Additionally or alternatively,
the articulation sensor 108 may be configured to monitor
the extension of right and/or left articulation cylinders 64,
66. Steering angle sensors 104 and articulation sensors
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108 could be any type of sensor known in the art, includ-
ing, for example, potentiometers, extension sensors,
proximity sensors, angle sensors and the like.
[0023] Other inputs that may be associated with the
control system 100 may include instructions provided
from a mode selector 110 disposed, for example, in op-
erator station 26. The mode selector 110 may include a
slider 214 for selecting an operating mode and a dial 216
for selecting a steering angle to articulation angle mode,
discussed more below. The operating mode may be em-
ployed to select among various modes of operation in-
cluding, for example, a manual mode, or one or more
automatic modes. Other input mechanisms and selec-
tions may also be used.
[0024] Addition inputs may include machine speed
sensors 112 and transmission sensors 114 located, for
example, in rear compartment 20. Machine speed sen-
sors 112 may be any sensor configured to monitor ma-
chine travel speed, for example, sensors associated with
any of the front wheels, rear wheels, axle shafts, motors,
or other components of the drive train. A transmission
sensor 114 may be associated with the transmission to
provide an indication of a current gear or output ratio.
Alternatively, an indication of current gear or output ratio
may be provided by data associated with operator con-
trols for the transmission (not shown).
[0025] The control system 100 may also include out-
puts that affect operation of the articulated machine 10.
Power steering instructions 118 may be provided to con-
trol steering actuators 120. Articulation actuators 64, 66
may be controlled by articulation control instructions 122
that may result, depending on operating mode, from ei-
ther operator input via articulation controls 116 or devel-
oped automatically at controller 102. A state or mode of
operation of the automated articulation function may be
transmitted to an operator via communication instruc-
tions 124 and display panel 126.
[0026] Referring to Fig. 5, a cab control 125 for the
automatic articulation control function may include a
mode selector 110, discussed above, and a display panel
126. The display panel 126 may include an "On" indicator
202 and an ’Inactive" indicator 204. The Inactive indicator
204 may generally indicate that one or more conditions
is preventing activation of the automatic articulation con-
trol function. In the illustrated embodiment, more than
one indicator may be used to represent some of the dif-
ferent operating states separately, such
as "Armed" 206, "Center-Only" 208 and "Error
Condition" 210. Under some conditions, more than one
display may be active at a time, such as ’Error Condition’
210 and ’Inactive’ 204. In some embodiments, a mes-
sage area 212 may provide more detailed information to
an operator or may provide instructions for the operator
on steps to take should the automatic articulation control
function be in one of the indicated states. In different em-
bodiments, other indicators and combinations of display
technology can used to receive mode selections and to
convey information about the state of the automatic ar-

ticulation control function, related messages, and help
information. These display technologies may include
touch screens, voice recognition, etc.

Industrial Applicability

[0027] Fig. 6 illustrates an exemplary control process
300 for managing automatic articulation behavior. The
control process may be executed by a processor 103 of
the controller 102 using computer-executable instruc-
tions stored in the memory 105.
[0028] At a block 302, the position of the mode selector
110 may be determined through known mechanisms. If
the mode selector is in one of the automatic mode selec-
tion positions execution may continue to block 304. If the
speed of the articulated machine 10 is below a threshold
speed, for example, less than one or two miles per hour
including stopped, the ’yes’ branch may be followed to a
block 306.
[0029] Generally, at block 306, when the mode selector
110 is set to an automatic operation setting, a determi-
nation is made if the articulated machine 10 is in a state
where the operator may not be aware of the automatic
articulation mode setting. Without a safety override, au-
tomatic articulation may occur without the operator ex-
pecting it. Changes in articulation angle alter the steering
pattern of the vehicle, so if such changes occur when an
operator does not expect it, the articulated machine 10
may turn differently than anticipated and could result in
an accident.
[0030] So, at block 306, conditions are checked that
indicate an operator may not be aware that the mode
selector 110 is set to on. These conditions may include
a machine key cycle or machine power cycle. That is,
that when the engine was last started, the mode selector
110 was set to an "ON" position. Another exemplary con-
dition may be when a seat or cab sensor indicates that
no operator is present when the mode selector 110 is set
to an on position. In these cases, an operator may not
be aware of a pre-existing automatic articulation mode
selection.
[0031] If any of these exemplary conditions, or other
similar conditions are identified, the ’yes’ branch from
block 306 may be followed to block 308. At block 308,
the automatic articulation control function may be disa-
bled or inhibited. This does not represent, necessarily,
an error condition, and may simply require that the op-
erator toggle the mode selector 110 to "OFF" and back
to "ON", as indicated at block 310. An appropriate indi-
cator may be activated at the display panel 126. After
toggling the mode selector 110, execution may return to
block 304. In an embodiment, these conditions can dis-
able the automatic articulation control function independ-
ently of groundspeed. That is, alternate control process-
es may evaluate these factors independently from
groundspeed checking or in parallel with groundspeed
checking.
[0032] If, at block 304, the groundspeed of the articu-
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lated machine 10 is below the threshold speed, the ’yes’
branch may be taken, as before, to block 306. At block
306, if the conditions associated with inhibiting operation
of the automatic articulation control function are clear,
the ’no’ branch from block 306 may be taken to block 312.
[0033] At block 312, a check may be made to determine
if the transmission is in neutral, for example using trans-
mission sensor 114. Because the transmission is in neu-
tral and groundspeed is at or near zero, an assumption
may be made that the vehicle is parked or stopped. How-
ever, even while stopped an operator or maintenance
person may turn the front wheels 58, 60 to check for tire
condition or to access a mechanical component for in-
spection or maintenance. Similar to the conditions above,
should an operator turn the front wheels 58, 60 while the
vehicle is not moving, and if there were no check for this
condition, the articulated machine 10 may change its ar-
ticulation angle causing the front frame 12, rear frame
14, or both to move. Such unexpected movement could
injure personnel or damage nearby equipment or build-
ings. Therefore, if the transmission is in neutral, the ’yes’
branch from block 312 may be taken to block 326 and
the automatic articulation control function may be disa-
bled or inhibited. Once disabled, the automatic articula-
tion control function may be re-activated according to the
steps beginning at block 302. An appropriate indicator
may be activated at the display panel 126.
[0034] Returning to block 312, if the speed of the ar-
ticulated machine 10 is below the threshold speed and
none of the inhibit conditions are present, and if the trans-
mission is not in neutral an assumption may be made
that the articulated machine 10 is operating normally and
execution may continue at block 314 or, in an embodi-
ment block 318 (not specifically depicted). For example,
the articulated machine 10 may be operating on a steep
uphill grade or may be scraping a heavy or difficult work
surface 86 that causes the machine 10 to come to a mo-
mentary halt or at least to slow below the threshold speed.
In this situation, if the automatic articulation control func-
tion were automatically disabled it could create an incon-
venience at the least and at the most cause a safety
hazard should the operator be expecting automatic ar-
ticulation when unbeknownst to him or her it had been
disabled. The decision point at block 312 allows auto-
matic articulation control to continue functioning in this
situation for both safety and convenience reasons. Note
that this condition is normally only be reached when the
automatic articulation control function is already active
and operating.
[0035] Returning to block 304, if the groundspeed of
the articulated machine 10 is greater than the threshold
speed the ’no’ branch may be taken from block 304 and
execution may continue at block 314. At block 314, an
actual articulation angle and a desired articulation angle
may be compared. A value of actual articulation angle
may be determined directly or indirectly from data re-
ceived via articulation sensors 108. Desired articulation
angle may be calculated based on inputs from steering

controls 106 and/or steering angle sensors 104, that is,
by evaluating a current steering angle to determine the
desired articulation angle. In some embodiments, the
current steering angle to desired articulation angle may
be a function of a nonlinear transfer function or some
other mapping algorithm, as described in more detail be-
low.
[0036] Any of several conditions may contribute to an
actual articulation angle not being equal to a desired ar-
ticulation angle. In one case, an operator may engage
the automatic articulation control function, e.g. at block
302, when the current steering angle dictates a desired
articulation angle that is simply not equal to the current
articulation angle. For example, the articulated machine
may be in alignment with zero articulation angle and the
steering wheels oriented in a 35 degree left turn. In an-
other example discussed more below, an error condition
that has caused the automatic articulation control func-
tion to temporarily be disabled may clear but the actual
and desired articulation angles may have diverged during
the time when the automatic articulation control function
was disabled. Activation of the automated articulation in
these cases could cause a sudden and dramatic change
in articulation angle and could cause changes to steering
that may be difficult or impossible for an operator to con-
trol. In a worst-case scenario, if articulation were at -20
degrees and steering were at +45 degrees, activation of
the automatic articulation control function would cause
the rear frame 14 to rapidly move a full 40 degrees.
[0037] In some prior embodiments of automatic artic-
ulation control an operator might be required to manually
observe the steering angle of the front wheels 58, 60 as
well as the current articulation angle and attempt to ac-
tivate the automatic articulation control function at an ex-
act time when the two angles appear to be in alignment.
This was found to be both difficult and a significant dis-
traction to an operator.
[0038] At block 314, when the actual and desired ar-
ticulation angles are not equal, or within a threshold angle
range of 0.2 degrees to -0.2 degrees the ’no’ branch may
be taken to block 320.
[0039] At block 320, the automatic articulation control
function may be armed, that is, in a standby state so that
the electronic controller 102 can monitor the actual and
desired articulation angles and when they are within the
threshold angle range engage the automatic articulation
control function. This relieves the operator of the need
to manually observe and time activation of the function
but preserves the desirable characteristic of avoiding a
rapid and significant change in articulation angle of the
articulated machine 10 when engaging the automatic ar-
ticulation control function.
[0040] When at block 314 the actual and desired artic-
ulation angles are at zero or are within the threshold angle
range, the ’yes’ branch may be taken to block 316. At
block 316, the controller 102 may screen for any of sev-
eral error conditions including but not limited to a ground-
speed of the articulated machine 10 being over a limit,
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an invalid signal or input signal such as no groundspeed
signal being available at the controller 102, or other errors
such as steering sensor errors. In an embodiment, the
maximum limit for groundspeed or threshold ground-
speed may be about 20 mph, but may vary for different
kinds of articulated machines 10 or even for different op-
eration conditions. When no error conditions are found,
execution may follow the ’no’ branch to block 318.
[0041] At block 318, the automatic articulation control
function may be activated and control articulation of the
articulated machine 10 according to whatever control
strategy is active. More details on different control strat-
egies are discussed below with respect to figures 7
through 10.
[0042] In an exemplary embodiment, the articulated
machine 10 may be operated at an articulation angle α
with a magnitude greater than zero between the front
frame 12 and the rear frame 14 responsive to instructions
from the electronic controller 102. For example, from a
fully aligned position when the front wheels 58, 60 turn
to the left (+θ) the electronic controller 102 may cause
the articulated machine 10 to articulate to the left, des-
ignated as a positive articulation angle or +α. Similarly,
from a fully aligned position when the front wheels 58,
60 turn to the right (-θ) the electronic controller 102 may
cause the articulated machine 10 to articulate to the right
designated as a negative articulation angle or a -α.
Whether articulated to the left or to the right, a magnitude
of the angle α is non-zero whenever the front frame 12
and rear frame 14 are not aligned.
[0043] Returning to block 316, when an error condition
is present the ’yes’ branch from block 316 may be taken
to block 322. At block 322, a determination is made as
to whether the articulated machine 10 is in an articulated
state with a non-zero articulation angle, that is, with a
magnitude outside a threshold angle range discussed
above.
[0044] If at block 322, the articulated machine 10 is not
articulated execution may take the ’no’ branch to block
326 and the automatic articulation control function may
be disabled. An appropriate indicator may be activated
at the display panel 126.
[0045] If, at block 322, the articulated machine 10 has
some nonzero angle of articulation, were the automatic
articulation control function simply disabled, the articu-
lated machine 10 may be fixed at some angle of articu-
lation that is counterproductive to future steering angle
settings. For example, if an articulated machine 10 is in
a left-hand turn with a steering angle of +20 degrees and
a corresponding articulation angle of +20 degrees at
which time the ground speed increases above a ground-
speed limit, simply disabling the automatic articulation
control function would cause the articulation angle to re-
main at a +20 degree angle of articulation even though
a steering angle may change to the right through zero or
beyond. This would create an awkward situation where
the machine is articulated to the left and the steering is
articulated to the right, causing the articulated machine

10 to "crab" along the work surface.
[0046] To avoid this situation, execution may continue
at block 324. At block 324, the automatic articulation con-
trol function may be configured to operate in a return-to-
zero mode so that it responds only to steering commands
that would cause the articulation angle to return to zero.
That is, any detected steering angle that would increase
the desired articulation angle is ignored and any detected
steering angle that causes the desired articulation angle
to decrease is processed. When the articulation angle
decreases to zero, or is within the minimum threshold
angle range, execution continues at block 326 and the
automatic articulation control function is disabled.
[0047] When, at block 316, the error condition has
cleared and the actual and desired articulation angles
are approximately equal at block 314 the automatic ar-
ticulation control function may be reactivated and normal
operation continued at block 318.
[0048] The exemplary control process 300 of Fig. 6 is
but one representation of steps that may be followed to
implement the controls and features disclosed. A person
of ordinary skill in the art would recognize that other im-
plementations could be developed that implement the
safety and control functions discussed above. For exam-
ple, various inhibit and error conditions could drive inter-
rupts so that automatic articulation control could be per-
formed via a state change paradigm.
[0049] Figs. 7-10 illustrate exemplary transfer func-
tions related to full range and non-linear steering angle
to articulation angle control. These figures illustrate an
exemplary embodiment where steering angle can range
from about - 50 degrees to + 50 degrees and articulation
angle can range from about -20 degrees to +20 degrees.
Other articulation machines may have different steering
and articulation angle ranges. The principles disclosed
here apply to those different ranges as well.
[0050] The articulation angle transfer functions de-
scribed below allow an operator a rich selection of oper-
ating modes for automatic articulation control. In various
embodiments, the dial 216 portion of the mode selector
110 may be modified to allow individual selection of these
examples or other similar transfer functions for use in
various operating environments.
[0051] Fig. 7 illustrates a non-linear transfer function
400 of steering angle on the x-axis to articulation angle
on the y-axis. The transfer function 400 shows a first
range 402 with a first slope of about 1 or steering angle
to articulation angle ratio of approximately 1:1 from about
-10 degrees to about + 10 degrees. The transfer function
400 shows a second range 406 below about - 10 degrees
and above 404 about +10 degrees that has a second
slope of about ¨ or about 1 degree of articulation angle
to 4 degrees of steering angle.
[0052] In an embodiment, rather than using a fixed
steering angle degree to transition from a first range 402
to a second range 404, 406, the controller 102 may use
a threshold percentage of steering angle, such as a range
of about 45% to 55% of maximum steering angle. The
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first and second ranges 402, 404-406 constituting sub-
ranges of the full steering angle range. Each sub-range
has steering angle values that are unique, that is not in
common with other sub-ranges.
[0053] In contrast to the prior art transfer functions 500
of Fig. 11 or 510 of Fig. 12, that have a 1:1 correspond-
ence of steering angle to articulation angle and then cap
either articulation or steering, the transfer function 400
provides at least some change in articulation over the full
range of steering angles. The approximately 1:1 ratio in
the first range of Fig. 4 may allow the rear wheels to track
the front wheels of the articulated machine 10, for exam-
ple when grading or scraping around a curve, such as a
cul-de-sac. The second range 404, 406 above and below
about 10 degrees of steering angle allows continuous
increases in articulation angle over the full remaining
steering angle, allowing the operator to significantly im-
prove turning radius, when desired.
[0054] Fig. 8 illustrates an alternate embodiment of Fig.
7, showing a transfer function 408 with a first range 410
having a first ratio and a second range 412, 414 having
a second, lower ratio of steering angle to articulation an-
gle. The embodiment of Fig. 8 shows ’porch’ regions 416,
418 that illustrate an embodiment where the final few
degrees of steering angle do not change the articulation
angle. The principal of Fig. 7 is maintained in that the
separate transfer function slopes of the first and second
ranges allow a front-to-back wheel tracking region (range
410) and a less than 1:1 region (range 412, 414).
[0055] Fig. 9 illustrates an alternate embodiment from
Figs. 7 and 8 and illustrates a transfer function 420 with
one region 422 having a constant slope with a rate of
more than one degree of steering angle to one degree
of articulation angle. The transfer function 420 offers con-
sistent steering to articulation changes over the full range
of steering angles and offers an operator a predicable
rate of change of articulation, but does not necessarily
provide front wheel to back wheel tracking.
[0056] Fig. 10 is an alternate embodiment of the trans-
fer function 420 of Fig. 9 and illustrates a transfer function
430 with a constant ratio region 432 that is less than 1:1
steering angle to articulation angle but with porches 434
and 436 so that articulation does not necessarily track to
the full extent of the steering range.
[0057] The exemplary embodiments illustrated in Figs.
7-10 may be modified with additional regions having var-
ious linear or non-linear slopes. The above illustrations
are not limiting with respect to additional variations of
transfer curve implementations.
[0058] The exemplary embodiments illustrated in Figs.
7-10 may also have applicability to special cases when
operating in reverse. For example, an operator-initiated
signal may indicate a desired steering path, or steering
path change. When traveling in the forward direction this
may most naturally take place by sending a signal that
controls front wheel steering angle. However, in some
cases, it may be advantageous to first adjust articulation
angle and have the steerable wheels track the adjust-

ment to articulation angle. This may be particularly true
when operating in reverse.
[0059] Another mode of automatic articulation control
may be supported that allows such directional control to
be accomplished when operating in reverse through ad-
justments to the articulation angle operator control, gen-
erally via a joystick (not depicted), which then drives
changes to the steering angle. The changes to the steer-
ing angle based on articulation angle may use the same
variations of transfer functions discussed above that in-
corporate a more than 1:1 ratio of steering angle to ar-
ticulation angle to map at least a portion of the articulation
angle range to steering angle range.
[0060] Figs. 11-12 depict prior art transfer functions
related to partial range steering control angle. As dis-
cussed above, Fig. 11 shows a prior art transfer function
500 with a constant 1:1 region 502 and zero slope regions
504 and 506. That is, for any steering angle greater than
+20 degrees or less than -20 degrees, the articulation
angle is fixed at a corresponding +20 degrees or minus
20 degrees.
[0061] Fig. 12 illustrates a transfer function 510 with a
constant 1:1 region 512 and constrained steering regions
514 and 516 where the steering is limited to +20 degrees
and -20 degrees respectively when the maximum artic-
ulation angles of +20 and -20 degrees are reached.
[0062] The present disclosure relates generally to a
method of improving steering control for an articulated
machine having front wheel steering. In general, the dis-
closed systems receive steering commands from the op-
erator, and, based upon the steering command or signals
indicative of front wheel steering angle, automatically
command articulation according to a predetermined for-
mula. Automatic control of articulation angle can reduce
operator distractions during operation, improve turning
radius, cause the rear wheels to track in the path of the
front wheels, etc.
[0063] The automatic articulation mode is instantiated
and executed via the computerized execution of instruc-
tions stored on a physically-embodied computer-reada-
ble medium or memory, e.g., a disc drive, flash drive,
optical memory, ROM, etc. The controller 102 may be
physically embodied in one or more controllers and may
be separate from or part of one or more existing control-
lers such as one or more engine controllers and/or trans-
mission controllers.
[0064] It will be appreciated that the present disclosure
provides a system and method for facilitating an auto-
matic articulation mode with selectable modes and en-
hanced safety and performance features.

Claims

1. A method (300) of operating a motor grader (10) hav-
ing front wheels (58, 60) that are steerable, the front
wheels attached to a front frame (12), the front frame
and a rear frame (14) pivotally connected at an ar-
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ticulation joint (62), the method comprising:

engaging at an electronic controller (102) an au-
tomatic articulation control function that controls
articulation of the motor grader (10) at the artic-
ulation joint (62) based on a steering angle of
the front wheels;
operating the motor grader at an articulation an-
gle with a magnitude greater than a threshold
angle between the front frame and the rear
frame responsive to instructions from the elec-
tronic controller;
determining at the electronic controller that a
condition exists that indicates automatic articu-
lation control function should be disengaged;
characterized in that the condition is a ground-
speed greater than a designated maximum
groundspeed or an inability to determine a
groundspeed at the electronic controller and, re-
sponsive to the determination, configuring the
automatic articulation control function to only al-
low decreasing the articulation angle;
decreasing the articulation angle of the motor
grader until the articulation angle reaches the
threshold angle; and
disengaging via the electronic controller, the au-
tomatic articulation control function after the ar-
ticulation angle reaches the threshold angle,
wherein the threshold angle is in a range of about
-0.2 degrees and + 0.2 degrees of articulation
between the front frame and the rear frame.

2. The method of claim 1, further comprising setting an
indicator (208) that the electronic controller is oper-
ating in a return-to-zero mode.

Patentansprüche

1. Verfahren (300) zum Betreiben eines Motorgraders
(10) mit vorderen Rädern (58, 60), die lenkbar sind,
wobei die vorderen Räder an einem vorderen Rah-
men (12) angebracht sind, wobei der vordere Rah-
men und ein hinterer Rahmen (14) schwenkbar an
einer Gelenkverbindung (62) verbunden sind, wobei
das Verfahren umfasst:

Aktivieren einer automatischen Beweglichkeits-
steuerungsfunktion, die eine Bewegung des
Motorgraders (10) an der Gelenkverbindung
(62) steuert, basierend auf einem Lenkwinkel
der Vorderräder, an einer elektronischen Steu-
erung (102);
Betreiben des Motorgraders in einem Gelenk-
winkel mit einer Größenordnung, die größer als
ein Schwellenwinkel zwischen dem vorderen
Rahmen und dem hinteren Rahmen ist, anspre-
chend auf Anweisungen von der elektronischen

Steuerung;
Bestimmen an der elektronischen Steuerung,
dass eine Bedingung besteht, die angibt, dass
die automatische Beweglichkeitssteuerungs-
funktion deaktiviert werden soll;
dadurch gekennzeichnet, dass die Bedin-
gung eine Grundgeschwindigkeit ist, die größer
ist als eine vorgegebene maximale Grundge-
schwindigkeit oder eine Unfähigkeit ist, um eine
Grundgeschwindigkeit an der elektronischen
Steuerung zu bestimmen und, als Reaktion auf
die Bestimmung, Einrichten der automatischen
Beweglichkeitssteuerungsfunktion, um nur eine
Verringerung des Gelenkwinkels zu erlauben;
Verringern des Gelenkwinkels des Motorgra-
ders bis der Gelenkwinkel den Schwellenwinkel
erreicht; und
Deaktivieren der automatischen Beweglich-
keitssteuerungsfunktion über die elektronische
Steuerung, nachdem der Gelenkwinkel den
Schwellenwinkel erreicht hat, wobei der Schwel-
lenwinkel in einem Bereich von etwa -0,2 Grad
und +0,2 Grad an Beweglichkeit zwischen dem
vorderen Rahmen und dem hinteren Rahmen
liegt.

2. Verfahren nach Anspruch 1, ferner umfassend das
Einstellen einer Anzeige (208), dass die elektroni-
sche Steuerung in einem Rückkehr-zu-Null-Modus
arbeitet.

Revendications

1. Procédé (300) d’exploitation d’une niveleuse à mo-
teur (10) ayant des roues avant (58, 60) orientables,
les roues avant fixées à un châssis avant (12), le
châssis avant et un châssis arrière (14) reliés de
manière rotative à un joint d’articulation (62), le pro-
cédé comprenant :

engager au niveau d’un dispositif de commande
électronique (102) une fonction de commande
d’articulation automatique qui commande l’arti-
culation de la niveleuse à moteur (10) au niveau
du joint d’articulation (62) sur la base d’un angle
de braquage des roues avant ;
actionner la niveleuse à moteur selon un angle
d’articulation d’une grandeur supérieure à un
angle de seuil entre le châssis avant et le châssis
arrière en réponse à des instructions provenant
du dispositif de commande électronique ;
déterminer au niveau du dispositif de comman-
de électronique qu’une condition existe qui in-
dique que la fonction de commande d’articula-
tion automatique doit être désengagée ;
caractérisé en ce que la condition est une vi-
tesse sol supérieure à une vitesse sol maximale
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désignée ou une incapacité de déterminer une
vitesse sol au niveau du dispositif de commande
électronique et, en réponse à la détermination,
configurer la fonction de commande d’articula-
tion automatique pour permettre uniquement de
diminuer l’angle d’articulation ;
diminuer l’angle d’articulation de la niveleuse à
moteur jusqu’à ce que l’angle d’articulation at-
teigne l’angle de seuil ; et
désengager par l’intermédiaire du dispositif de
commande électronique, la fonction de com-
mande d’articulation automatique après que
l’angle d’articulation atteint l’angle de seuil, l’an-
gle de seuil se situant dans une plage d’environ
-0,2 degré et + 0,2 degré d’articulation entre le
châssis avant et le châssis arrière.

2. Procédé selon la revendication 1, comprenant en
outre le réglage d’un indicateur (208) que le dispositif
de commande électronique actionne dans un mode
de retour à zéro.
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