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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to machines with steering systems.

BACKGROUND

[0002] Machines, such as off-highway vehicles, include systems for both driving and steering
the machines across terrain. These systems may include separate dedicated propel and
steering systems or may include propel systems that also serve as steering systems. For
example, in the case of dual path (dual track) vehicles, the propel system also serves as the
steering system with steering operations being achieved by driving the wheels/tracks on each
side of the dual path vehicle at different speeds. Machines with certain steering systems,
particularly those used in off-highway applications such as dual path vehicles, become more
difficult to control during acceleration events because steering gains values are optimized for
steady state (constant speed) driving conditions.

[0003] Furthermore, document WO2014/049222 A1 discloses the preambles of the
independent claims.

SUMMARY

[0004] According to the present disclosure, a steering system for a machine comprises a
vehicle control system configured to command steering of the machine, and a steering sensor
in communication with the vehicle control system. The steering sensor is configured to detect a
position of a steering actuator of the machine. The vehicle control system is configured to
detect an acceleration rate of the machine and to command steering of the machine based at
least in part on the position of the steering actuator and the acceleration rate of the machine.

[0005] According to the present disclosure, the vehicle control system. determines the
acceleration rate of the machine by monitoring a control signal supplied to a propulsion system
of the machine. For example, the acceleration rate may be determined by measuring a ramp
rate of the control signal.

[0006] According to the present disclosure, the vehicle control system may command steering
of the machine with a steady state control signal if the acceleration rate is equal to zero. The
vehicle control system may command steering of the machine with a full acceleration control
signal if the acceleration rate is equal to a maximum acceleration rate, where the full
acceleration control signal is different than the steady state control signal. The vehicle control
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system may also command steering of the machine as a function of acceleration rate if the
acceleration rate is between zero and the maximum acceleration rate.

[0007] According to the present disclosure, a method for steering a machine comprises
detecting, through a steering sensor in communication with a vehicle control system, a position
of a steering actuator of the machine, detecting, at the vehicle control system, an acceleration
rate of the machine, and commanding, by the vehicle control system, steering of the machine
based at least in part on the position of the steering actuator and the acceleration rate of the
machine.

[0008] According to the present disclosure, acceleration of the machine is detected by
monitoring a control signal supplied to a propulsion system of the machine by the vehicle
control system. The acceleration may be determined by measuring a ramp rate of the control
signal.

[0009] According to the present disclosure, the vehicle control system may command steering
of the machine with a steady state control signal if the acceleration rate is equal to zero. The
vehicle control system may command steering of the machine with a full acceleration control
signal if the acceleration rate is equal to a maximum acceleration rate, where the full
acceleration control signal is different than the steady state control signal. The vehicle control
system may also command steering of the machine as a function of acceleration rate if the
acceleration rate is between zero and the maximum acceleration rate.

[0010] According to the present disclosure, a machine may comprise a body, a plurality of
ground contacting elements supporting the body, a steering actuator for commanding steering,
and a steering sensor configured to detect a position of the steering actuator. The machine
may further comprise a vehicle control system operatively connected to the steering sensor
and the plurality of ground contacting elements. The vehicle control system may be configured
to command the plurality of ground contacting elements to propel and steer the machine. The
vehicle control system is configured to detect an acceleration rate of the machine and to
command steering based at least in part on the position of the steering actuator and the
acceleration rate of the machine.

[0011] According to the present disclosure, the vehicle control system determines the
acceleration rate of the machine by monitoring a ramp rate of a control signal generated by the
vehicle control system to command propulsion of the machine.

[0012] According to the present disclosure, the vehicle control system of the machine may be
configured to command steering of the machine with a steady state control signal if the
acceleration rate is equal to zero. The vehicle control system may be configured to command
steering of the machine with a full acceleration control signal if the acceleration rate is equal to
a maximum acceleration rate, where the full acceleration control signal is different than the
steady state control signal. The vehicle control system may also be configured to command
steering of the machine as a function of acceleration rate if the acceleration rate is between
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zero and the maximum acceleration rate.

[0013] These and other objects, features and advantages of the present disclosure will
become apparent in light of the detailed description of embodiments thereof, as illustrated in
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a schematic diagram of a machine comprising the vehicle control system according to
the present disclosure;

FIG. 2 is a schematic control diagram the steering control provided by the vehicle control
system in the machine of FIG. 1; and

FIG. 3 is a graphical representation of steering signals of the vehicle control system in the
machine of FIG. 1.

DETAILED DESCRIPTION

[0015] Before the various embodiments are described in further detall, it is to be understood
that the invention is not limited to the particular embodiments described. It will be understood
by one of ordinary skill in the art that the controllers, systems, and methods described herein
may be adapted and modified as is appropriate for the application being addressed and that
the controllers, systems, and methods described herein may be employed in other suitable
applications, and that such other additions and modifications will not depart from the scope
thereof as defined by the appended claims.

[0016] Referring to FIG. 1, a machine 10 including a vehicle control system 12 for providing
optimized steering according to the present disclosure is shown. The machine 10 may be any
vehicle with a steering system, including single path (single track) and dual path (dual track)
vehicles. For example, the machine may be an off-highway vehicle such as a skid steer,
tractor, fork lift, bulldozer, backhoe, crane, cherry picker, all-terrain vehicle or the like.

[0017] The machine 10 includes a body 14 and at least one plant 16 operatively coupled to
one or more wheels, treads, and/or other similar driving elements for propelling the body 14
across terrain. In some applications, such as where the machine 10 is a dual path vehicle, the
machine 10 may include at least two plants 16, i.e. a left plant and a right plant, that are
configured to propel the body 14 across terrain and also to provide steering for the machine 10
by being driven at different speeds. In other applications, such as where the machine is a
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single path vehicle, the machine 10 may include a dedicated steering system 18 controlled by
the vehicle control system 12 for steering the machine 10, while the at least one plant 16
provides propulsion. The at least one plant 16 and/or the steering system 18 may include
mechanical and/ or hydraulic systems, such as motors, pumps, and/or other similar hydraulic
and/or mechanical elements.

[0018] The machine also includes a propulsion actuator 20 and a steering actuator 22 that are
each operatively connected to the vehicle control system 12 and provide input thereto. The
machine 10 also includes a steering sensor 24 configured to detect a degree of actuation of
the steering actuator 22 and may also include an acceleration sensor 26 disposed on the body
14 and configured to detect acceleration of the machine 10. The steering sensor 24 and the
acceleration sensor 26, if present, are operatively connected to the vehicle control system 12
and configured to provide input thereto.

[0019] The propulsion actuator 20 and the steering actuator 22 may be any suitable known
actuators for imparting driving and steering movement, respectively, to the machine 10
including any known operator control for the various machines listed above. For example, the
propulsion actuator 20 may include one or more joysticks, pedals, or any other similar operator
controls. Similarly, the steering actuator 22 may include a steering wheel, one or more
joysticks, pedals, or any other similar operator controls. Additionally, although shown and
described separately for simplicity, the propulsion actuator 20 and steering actuator 22 may be
a single actuator able to command both propulsion and steering, such as a joystick or the like.

[0020] The vehicle control system 12, at least one plant 16, optional steering system 18,
propulsion actuator 20, steering actuator 22, steering sensor 24, and acceleration sensor 26, if
included, as well as other various subsystems of the machine 10, may be connected to one
another over a Controller Area Network (CAN or CAN bus) or other similar network that allows
the various control systems, controllers, plants, actuators, sensors, and various other
subsystems, microprocessors, and/or any other devices connected to the CAN or other similar
network to communicate with one another using CAN or other communication protocols known
in the art.

[0021] The vehicle control system 12 includes all of the necessary electronics, software,
memory, storage, databases, firmware, logic/state machines, microprocessors, communication
links, and any other input/output interfaces to perform the functions described herein and/or to
achieve the results described herein. For example, the vehicle control system 12 may include,
or be in communication with, one or more processors and memory, which may include system
memory, including random access memory (RAM) and read-only memory (ROM). Suitable
computer program code may be provided to the vehicle control system 12 for executing
numerous functions, including those discussed herein in connection with optimizing steering of
the machine 10.

[0022] The one or more processors may include one or more conventional microprocessors
and may also include one or more supplementary co-processors such as math co-processors
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or the like. The one or more processors may be configured to communicate with other
networks and/or devices such as servers, other processors, computers, cellular telephones,
tablets and the like.

[0023] The one or more processors may be in communication with the memory, which may
comprise magnetic, optical and/or semiconductor memory, such as, for example, random
access memory ("RAM"), read only memory ("ROM"), flash memory, optical memory, or a hard
disk drive memory. Memory may store any data and/or information typically found in computing
devices, including an operating system, and/or one or more other programs (e.g., computer
program code and/or a computer program product) that are stored in a non-transitory memory
portion and adapted to direct the vehicle control system 12 to perform according to the various
embodiments discussed herein. The vehicle control system 12, and/or portions thereof, and/or
any other programs may be stored, for example, in a compressed format, an uncompiled
and/or an encrypted format, and may include computer program code executable by the one
or more processors. The executable instructions of the computer program code may be read
into a main memory of the one or more processors from a non-transitory computer-readable
medium other than the memory. While execution of sequences of instructions in the program
causes the one or more processors to perform the process steps described herein, hard-wired
circuitry may be used in place of, or in combination with, executable software instructions for
implementation of the processes of the present invention. Thus, embodiments of the present
invention are not limited to any specific combination of hardware and software.

[0024] For example, the methods and systems discussed herein may also be implemented in
programmable hardware devices such as field programmable gate arrays, programmable
array logic, programmable logic devices or the like. Programs may also be implemented in
software for execution by various types of computer processors. A program of executable code
may, for instance, comprise one or more physical or logical blocks of computer instructions,
which may, for instance, be organized as an object, procedure, process or function.
Nevertheless, the executables of an identified program need not be physically located
together, but may comprise separate instructions stored in different locations which, when
joined logically together, comprise the program and achieve the stated purpose for the
programs such as providing workflow analysis. In an embodiment, an application of executable
code may be a compilation of many instructions, which may be distributed over several
different code partitions or segments, among different programs, and across several devices.
Where spread across multiple devices, the devices may be operatively connected to one
another over the CAN bus or other similar network.

[0025] The term "computer-readable medium" as used herein refers to any medium that
provides or participates in providing instructions and/or data to the one or more processors of
the vehicle control system 12 (or any other processor of a device described herein) for
execution. Such a medium may take many forms, including but not limited to, non-volatile
media or memory and volatile memory. Non-volatile memory may include, for example, optical,
magnetic, or opto-magnetic disks, or other non-transitory memory. Volatile memory may
include dynamic random access memory (DRAM), which typically constitutes the main memory
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or other transitory memory. FIG. 2 illustrates the steering control method implemented by the
vehicle control system 12 for selecting steering gains during operation of the machine 10,
wherein the vehicle control system 12 employs the optimum steering gains for both steady
state (constant speed) and full acceleration conditions and dynamically changes the steering
gains as a function of the rate of acceleration when the machine 10 is between steady state
and full acceleration conditions. At step 28, the vehicle control system 12 evaluates whether or
not machine acceleration is detected. For example, the vehicle control system 12 may estimate
acceleration of the machine 10 by monitoring a ramp rate of the propulsion control signal sent
to the at least one plant 16. The ramp rate of the propulsion control signal, i.e. the rate at
which the control signal is increasing or decreasing, correlates to machine acceleration and,
therefore, may provide a good indication thereof. If the vehicle control system 12 does not
detect machine acceleration at step 28, the vehicle control system 12 uses steady state gain
values at step 30 for providing the steering output control signal sent to the plants 16 or
steering system 18 for steering the machine 10.

[0026] Alternatively, if the vehicle control system 12 detects machine acceleration at step 28,
the vehicle control system 12 evaluates whether or not the machine 10 is at full acceleration at
step 32. If the vehicle control system 12 detects full (maximum) acceleration at step 32, the
vehicle control system 12 uses acceleration gain values at step 34 for providing the steering
output control signal sent to the plants 16 or steering system 18 for steering the machine 10. If
the vehicle control system 12 does not detect full acceleration, at step 36; the vehicle control
system 12 dynamically selects gain values as a function of the acceleration rate and steering
position while providing the steering output control signal sent to the plants 16 or steering
system 18 for steering the machine 10. As discussed above, the vehicle control system 12 may
use the ramp rate of the propulsion control signal sent to the at least one plant 16 as the
machine acceleration rate or, alternatively, the machine acceleration rate may be detected
through acceleration sensor 26, if one is included in the machine 10. For steering position, the
vehicle control system 12 uses the steering position signal received from the steering sensor
24.

[0027] Referring to FIG. 3, steering output 38 as a function of steering input angle 40 as
provided by the vehicle control system 12 according to the present disclosure is shown. A
steady state line 42 shows the steering output 38 as a function of steering input angle 40 using
the steady state gains to control machine steering as discussed in connection with step 30,
shown in FIG. 2. Similarly, a full acceleration line 44 shows the steering output 38 as a function
of steering input angle 40 using the full acceleration gains to control machine steering as
discussed in connection with step 34, shown in FIG. 2. As seen in FIG. 3, at any non-zero
steering input angle 40, the full acceleration steering output 44 differs from the steady state
steering output 42. A dynamic region 46 between the steady state line 42 and full acceleration
line 44 is where the vehicle control system 12 dynamically selects steering gain values based
on acceleration rate and steering position as discussed in connection with step 36, shown in
FIG. 2.

[0028] When calculating steering output 38 in the dynamic region 46, i.e. when the machine is
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accelerating or decelerating between steady state and full acceleration, the vehicle control
system 12 may use the rate of acceleration to interpolate between the steady state gains and
the full acceleration gains for the particular steering input angle 40 as detected by the steering
sensor 24, shown in FIG. 1. For example, if the rate of acceleration is determined to be fifty
percent (50%) of full acceleration, the vehicle control system 12 may select steering gains
halfway, i.e. fifty percent (50%), between steady state and full acceleration.

[0029] By employing the optimal steering gain values for both steady state and full acceleration
conditions and by dynamically changing the steering gains according to the rate of acceleration
in between the steady state and full acceleration conditions, the vehicle control system 12 of
the present disclosure advantageously optimizes steering performance during all acceleration
and steady state driving conditions. Thus, the vehicle control system 12 advantageously
improves handling of the machine 10 and provides the machine operator with greater control
and confidence. Additionally, as a result of the improved machine handling, the machine 10
may be able to achieve higher top speeds with increased control, since controllability and
handling are typically the limiting factors in machine top speed.
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Patentkrav

1. Styresystem til en maskine (10), hvilket styresystem omfatter:
et kgretgjsstyresystem (12), der er konfigureret til at tage styringen af ma-
skinen (10), og
en styresensor (24) i forbindelse med kgretgjsstyresystemet (12), hvilken
styresensor (24) er konfigureret til at detektere en position for en styreaktu-
ator (22) af maskinen (10),
hvor kgretgjsstyresystemet (12) er konfigureret til at detektere en accelera-
tionshastighed for maskinen (10) og til at tage styringen af maskinen (10), i
det mindste delvist baseret pd styreaktuatorens (22) position og maski-
nens (10) accelerationshastighed, kendetegnet ved, at kgretgjsstyresyste-
met (12) bestemmer maskinens (10) accelerationshastighed ved at overvage
et styresignal, der af kgretgjsstyresystemet (12) tilvejebringes til et frem-
driftssystem af maskinen.

2. Styresystem ifglge krav 1, hvor accelerationshastigheden bestemmes ved at
male en rampinghastighed for styresignalet.

3. Styresystem ifglge krav 1, hvor kgretgjsstyresystemet (12) er konfigureret til at
tage styringen af maskinen (10) med et stabiltilstandsstyresignal, hvis accelera-
tionshastigheden er lig med nul.

4. Styresystem ifglge krav 3, hvor kagretgjsstyresystemet (12) er konfigureret til at
tage styringen af maskinen (10) med et fuldaccelerationsstyresignal, hvis accele-
rationshastigheden er lig med en maksimal accelerationshastighed, hvilket fuldac-
celerationsstyresignal er forskelligt fra stabiltilstandsstyresignalet.

5. Styresystem ifglge krav 4, hvor kgretgjsstyresystemet (12) er konfigureret til at
tage styringen af maskinen (10) som en funktion af accelerationshastighed, hvis
accelerationshastigheden er mellem nul og den maksimale accelerationshastighed.

6. Fremgangsmade til styring af en maskine (10), hvilken fremgangsmade omfat-
ter:
detektering, ved hjeelp af en styresensor (24) i forbindelse med et kgretgjs-
styresystem (12) af maskinen (10), af en position for en styreaktuator (22)
af maskinen (10),
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detektering, ved maskinens (10) kgretgjsstyresystem (12), af en accelera-
tionshastighed for maskinen (10), og

styring, ved hjaelp af kgretgjsstyresystemet (12), af maskinen (10), baseret i
det mindste delvist pa styreaktuatorens (22) position og maskinens (10) ac-
celerationshastighed, kendetegnet ved, at acceleration af maskinen (10)
detekteres ved overvdgning af et styresignal, der af kgretgjsstyresyste-
met (12) tilvejebringes til et fremdriftssystem af maskinen.

7. Fremgangsmade ifglge krav 6, hvor accelerationen bestemmes ved at méle en
rampinghastighed for styresignalet.

8. Fremgangsmade ifglge krav 6, hvor kgretgjsstyresystemet (12) tager styringen
af maskinen (10) med et stabiltilstandsstyresignal, hvis accelerationshastigheden

er lig med nul.

9. Fremgangsmade ifglge krav 8, hvor kgretgjsstyresystemet (12) tager styringen
af maskinen (10) med et fuldaccelerationsstyresignal, hvis accelerationshastighe-
den er lig med en maksimal accelerationshastighed, hvilket fuldaccelerationsstyre-
signal er forskelligt fra stabiltilstandsstyresignalet.

10. Fremgangsmade ifglge krav 9, hvor kgretgjsstyresystemet (12) tager styrin-
gen af maskinen (10) som en funktion af accelerationshastighed, hvis accelera-
tionshastigheden er mellem nul og den maksimale accelerationshastighed.

11. Maskine (10), der omfatter:
et legeme (14),
en flerhed af jordforbindelseselementer, der understgtter legemet (14) pa en
overflade,
en styreaktuator (22) til at tage styring,
en styresensor (24), der er konfigureret til at detektere en position for styre-
aktuatoren (22), og
et kgretgjsstyresystem (12), der er operativt forbundet med styresenso-
ren (24) og flerheden af jordkontaktelementer, hvilket kgretgjsstyresy-
stem (12) er konfigureret til at fa flerheden af jordforbindelseselementer til
at fremdrive og styre maskinen (10),
hvor kgretgjsstyresystemet (12) er konfigureret til at detektere en accelera-
tionshastighed for maskinen (10) og til at tage styringen i det mindste delvist
baseret pa styreaktuatorens (22) position og maskinens (10)
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accelerationshastighed, kendetegnet ved, at kgretgjsstyresystemet (12)
bestemmer maskinens (10) accelerationshastighed ved at overvdge en ram-
pinghastighed for et styresignal, der genereres af kgretgjsstyresystemet (12)
med henblik p3 at styre maskinens fremdrift.

12. Maskine ifglge krav 11, hvor kgretgjsstyresystemet (12) er konfigureret til at
tage styringen af maskinen (10) med et stabiltilstandsstyresignal, hvis accelera-
tionshastigheden er lig med nul.

13. Maskine ifglge krav 12, hvor kgretgjsstyresystemet (12) er konfigureret til at
tage styringen af maskinen (10) med et fuldaccelerationsstyresignal, hvis accele-
rationshastigheden er lig med en maksimal accelerationshastighed, hvilket fuldac-
celerationsstyresignal er forskelligt fra stabiltilstandsstyresignalet.

14. Maskine ifglge krav 13, hvor kgretgjsstyresystemet (12) er konfigureret til at
tage styringen af maskinen (10) som en funktion af accelerationshastighed, hvis
accelerationshastigheden er mellem nul og den maksimale accelerationshastighed.
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DRAWINGS
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