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Description
[Technical Field]

[0001] The present disclosure relates to a work ma-
chine and a method for controlling the work machine.

[Background Art]

[0002] Among work machines such as construction
machines, there is a work machine that detects the work
stage currently being performed and automatically con-
trols the output of the engine. For example, in the work
machine in Patent Document No. 1, a controller deter-
mines whether the work machine is performing excava-
tion or hill climbing travel. When the work machine is
performing excavation or hill climbing travel, the engine is
operated at high output, and when other work is being
performed, the engine is operated at low output.

[Prior Art Document]
[Reference]

[0003] Patent Document 1 No. 1: International Publi-
cation WO 2005-024208

[Summary of the Invention]
[Problem to be Resolved by the Invention]

[0004] In the abovementioned work machine, the en-
gine outputis increased in a work stage in which the load
on the work machine is high such as excavation or hill
climbing travel. Conversely, the engine output is limited
during a work stage in which the load on the work ma-
chine is low.

[0005] Recently, work machines have appeared with
which the engine output is increased in order to reduce
the fuel consumption of the work machine. Engines in
which the outputis increased are made to have the same
output as conventional engines at low engine rotation
speeds. Consequently, fuel consumption of the work
machine can be improved. However, in work machines
with increased engine output, the engine is operated at
an excessively high output with respect to the load on the
work machine and therefore the fuel consumption may
actually become worse. An object of the present disclo-
sure is to improve fuel consumption in a work machine by
controlling the engine at a suitable output in accordance
with the load on the work machine.

[Means for Resolving the Problem]

[0006] Aworkmachineaccordingtoafirstembodiment
of the present disclosure includes a vehicle body, an
engine, a travel device, a work implement, a sensor,
and a controller. The engine is mounted to the vehicle
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body. The travel device is mounted to the vehicle body.
The travel device causes the vehicle body to travel by
being driven with driving power from the engine. The work
implement is movably supported by the vehicle body. The
work implement operates with the driving power from the
engine. The sensor detects state data indicating operat-
ing states of the travel device and the work implement.
The controller controls the engine, the travel device, and
the work implement.

[0007] The controller acquires the state data. The con-
troller determines a work stage of the work machine
based on the operating states of the travel device and
the work implement. The controller controls the output of
the engine in a first control mode when the work stage is
determined as being predetermined work other than
excavation. The controller controls the output of the en-
gine in a second control mode when the work stage is
determined as being excavation. The controller reduces
the upper limit of the output of the engine in the second
control mode to be lower than that of the first control
mode.

[0008] A method according to another embodiment of
the present invention is a method for controlling a work
machine. The work machine includes a vehicle body, an
engine, a travel device, a work implement, a sensor, and
a controller. The engine is mounted to the vehicle body.
The travel device is mounted to the vehicle body. The
travel device causes the vehicle body to travel by being
driven with driving power from the engine. The work
implement is movably supported by the vehicle body.
The work implement operates with driving power from
the engine. The method includes acquiring state data that
indicates the operating states of the travel device and the
work implement, determining a work stage of the work
machine based on the operating states of the travel
device and the work implement, controlling the output
of the engine in a first control mode when the work stage
is determined as being predetermined work other than
excavation, controlling the output of the engine in a
second control mode when the work stage is determined
as being excavation, and reducing the upper limit of the
output of the engine in the second control mode to be
lower than that of the first control mode.

[Effect of the Invention]

[0009] According to the present disclosure, when the
work stage is determined as being excavation, the output
of the engine is controlled in the second control mode.
The upper limit of the output of the engine in the second
control mode is controlled to be lower than that of the first
control mode. Consequently, the engine is controlled with
a suitable output that corresponds to the load on the work
machine during excavation work whereby fuel consump-
tion is improved.
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[Brief Description of Drawings]
[0010]

FIG. 1 is a side view of a work machine according to
an embodiment.

FIG. 2 is a block diagram illustrating a configuration
of the work machine.

FIG. 3 is a block diagram illustrating a process for
determining a target output torque of the engine.
FIG. 4 illustrates a torque distribution for a required
torque for the work implement and a required torque
for the transmission.

FIG. 5 is a flow chart illustrating a process of an
output limit control of the engine.

FIG. 6 illustrates a first torque upper limit and a
second torque upper limit of the target output torque
of the engine.

FIG. 7 is a timing chart illustrating upper limits of the
output of the engine modified in accordance with the
work stage.

[Description of Embodiments]

[0011] Anembodimentof the present disclosure will be
explained in detail with reference to the figures. FIG. 1isa
side view of a work machine 1 according to the embodi-
ment. The work machine 1 according to the present
embodiment is a wheel loader. As illustrated in FIG. 1,
the work machine 1 includes a vehicle body 2 and a work
implement 3.

[0012] The vehicle body 2 includes a front vehicle body
2aand arear vehicle body 2b. The rear vehicle body 2b is
connected to be swingable to the left and right with
respect to the front vehicle body 2a. The front vehicle
body 2a and the rear vehicle body 2b are coupled by a
hydraulic cylinder 15. The hydraulic cylinder 15 extends
and contracts whereby the front vehicle body 2a turns to
the left and right with respect to the rear vehicle body 2b.
[0013] The work implement 3 is used for work such as
excavating, earth moving, or soil unloading. The work
implement 3 is movably attached to the front vehicle body
2a. The work implement 3 includes a boom 11, a bucket
12, and hydraulic cylinders 13 and 14. The hydraulic
cylinders 13 and 14 extend and contract thereby moving
the boom 11 and the bucket 12.

[0014] FIG. 2 is a block diagram illustrating a config-
uration of the work machine 1. Asillustrated in FIG. 2, the
work machine 1 includes an engine 21, a first drive
system 22, and a second drive system 23. The engine
21 is, for example, a diesel engine. The engine 21 in-
cludes a fuel injection device 30. The fuel injection device
30 adjusts the amount of fuel injected into the cylinders of
the engine 21 thereby controlling the output of the engine
21.

[0015] The first drive system 22 includes a transmis-
sion 24 and a travel device 25. The transmission 24 is
connected to the engine 21. The transmission 24 trans-
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mits the driving power from the engine 21 to the travel
device 25. For example, the transmission 24 is a hydrau-
lic mechanical transmission (HMT). The HMT includes a
planetary gear mechanism and a hydraulic pump/motor.
The HMT is configured to modify the transmission gear
ratio to stageless by controlling the capacity of the hy-
draulic pump/motor.

[0016] However, the transmission 24 may be another
type of transmission such as an electric mechanical
transmission (EMT) or a hydro-static transmission
(HST). Alternatively, the transmission 24 may be a trans-
mission having a torque converter and a plurality of speed
change gears.

[0017] The travel device 25 is mounted to the vehicle
body 2 and causes the vehicle body to travel by being
driven with driving power from the engine 21. The travel
device 25 includes axles 26 and 27, front wheels 28, and
rear wheels 29. The axles 26 and 27 are connected to the
transmission 24. The front wheels 28 are provided to the
front vehicle body 2a. The rear wheels 29 are provided to
the rear vehicle body 2b. The axle 26 transmits the driving
power from the transmission 24 to the front wheels 28.
The axle 27 transmits the driving power from the trans-
mission 24 to the rear wheels 29.

[0018] The second drive system 23 includes a power
take-off (PTO) 31, a hydraulic pump 32, and a control
valve 33. The PTO 31 distributes the driving power of the
engine 21 between the transmission 24 and the hydraulic
pump 32. Only one hydraulic pump 32isillustrated in FIG.
2. However, two or more hydraulic pumps may be con-
nected to the engine 21 via the PTO 31.

[0019] The hydraulic pump 32 is connected to the
engine 21 via the PTO 31. The hydraulic pump 32 is
driven by the engine 21 and discharges hydraulic fluid.
The hydraulic fluid discharged from the hydraulic pump
31 is supplied to the abovementioned hydraulic cylinders
13to 15. Only the hydraulic cylinder 13 is depicted in FIG.
2 and the other hydraulic cylinders 14 and 15 are omitted.
[0020] The control valve 33 controls the flow rate of the
hydraulic fluid supplied from the hydraulic pump 32 to the
hydraulic cylinders 13 to 15. The control valve 33 is, for
example, an electromagnetic proportional control valve
and is controlled in accordance with input electrical sig-
nals. Alternatively, the control valve 33 may be a pressure
proportional control valve and may be controlled in ac-
cordance with input pilot pressures.

[0021] The work machine 1 includes an engine sensor
34 and a vehicle speed sensor 35. The engine sensor 34
detects the engine rotation speed. The vehicle speed
sensor 35 detects the output rotation speed of the travel
device 25. The output rotation speed of the travel device
25 corresponds to the vehicle speed of the work machine
1. The output rotation speed of the travel device 25 is, for
example, the rotation speed of the output shaft of the
transmission 24. However, the output rotation speed may
be the rotation speed of another rotating element that is
inside the transmission 24 or that is positioned down-
stream of the transmission 24.
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[0022] The work machine 1 includes a pump pressure
sensor 36 and a cylinder pressure sensor 37. The pump
pressure sensor 36 detects the discharge pressure of the
hydraulic pump 32. The cylinder pressure sensor 37
detects the boom bottom pressure of the hydraulic cy-
linder 13. The boom bottom pressure is the hydraulic
pressure supplied to the hydraulic cylinder 13 when the
hydraulic cylinder 13 is extended.

[0023] The workmachine 1includes a work implement
attitude sensor 38 and a vehicle body attitude sensor 39.
The work implement attitude sensor 38 detects the atti-
tude of the work implement 3. The attitude of the work
implement 3 includes, for example, the boom angle. The
boom angle is the angle of the boom 11 with respect to the
horizontal direction. The work implement attitude sensor
38is, forexample, an angle sensor attached to the boom
11. Alternatively, the work implement attitude sensor 38
may be a stroke sensor that detects the stroke amount of
the hydraulic cylinder 13. In this case, the boom angle
may be calculated from the stroke amount of the hydrau-
lic cylinder 13 detected by the stroke sensor.

[0024] The vehicle body attitude sensor 39 detects the
attitude of the vehicle body 2. The attitude of the vehicle
body 2 includes, for example, the pitch angle and the roll
angle of the vehicle body 2. The vehicle body attitude
sensor 39 is, for example, an inertial measurement unit
(IMU). Alternatively, the vehicle body attitude sensor 39
may be a sensor other than an IMU.

[0025] The work vehicle 1 includes a controller41. The
controller 41 includes a processor such as a central
processing unit (CPU), and a storage device such as a
RAM or a ROM. The controller 41 may include an aux-
iliary storage device such as a hard disk or a solid state
drive (SSD). The controller 41 stores programs and data
for controlling the work machine 1. The controller 41
executes processes for controlling the work machine 1
in accordance with the stored programs and data.
[0026] The controller 41 receives a signal indicating
the engine rotation speed from the engine sensor 34. The
controller 41 receives a signal indicating the output rota-
tion speed from the vehicle speed sensor 35. The con-
troller 41 receives a signal indicating the discharge pres-
sure of the hydraulic pump 32 from the pump pressure
sensor 36. The controller 41 receives a signal indicating
the boom bottom pressure from the cylinder pressure
sensor 37. The controller 41 receives a signal indicating
the attitude of the work implement 3 from the work im-
plement attitude sensor 38. The controller 41 receives a
signalindicating the attitude of the vehicle body 2 from the
vehicle body attitude sensor 39.

[0027] The controller 41 controls the output of the
engine by transmitting an instruction signal to the engine
21. The controller 41 switches between the forward travel
gear and the rearward travel gear of the transmission 24
by transmitting an instruction signal to the transmission
24. The controller 41 controls the transmission gear ratio
of the transmission 24 by transmitting an instruction
signal to the transmission 24. The controller 41 controls
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the work implement 3 by transmitting instruction signals
to the hydraulic pump 32 and the control valve 33.
[0028] The work machine 1 includes an FR operating
member 42, an accelerator operating member 43, a work
implement operating member 44, and an input device 45.
The FR operating member 42 is operable by the operator
for switching between forward travel and reverse travel of
the work machine 1. The FR operating member 42 is
operable in a forward travel position and a reverse travel
position from a neutral position. The FR operating mem-
ber42is, forexample, alever. However, the FR operating
member 42 may be another member such as a switchora
pedal.

[0029] The accelerator operating member 43 is oper-
able by the operator for controlling the vehicle speed of
the work machine 1. The accelerator operating member
43 is, for example, a pedal. However, the accelerator
operating member 43 may be another member such as a
lever or a switch. The work implement operating member
44 is operable by the operator for controlling the work
implement 3. The work implement operating member 44
is, for example, a lever. However, the work implement
operating member 44 may be another member such as a
switch or a pedal.

[0030] The inputdevice 45 is operable by the operator
for setting the control of the work machine 1. For exam-
ple, the input device 45 sets the work machine 1 in
accordance with an operation by the operator. The input
device 45 is, for example, a touchscreen. However, the
input device 45 may include another member such as a
mechanical switch.

[0031] The controller 41 receives a signal indicating
the operating position of the FR operating member 42
from the FR operating member 42. The controller 41
switches between the forward travel gear and the rear-
ward travel gear of the transmission 24 in accordance
with signal from the FR operating member 42. The con-
troller 41 receives a signal indicating an accelerator
operating amount from the accelerator operating mem-
ber 43. The accelerator operating amount is the operat-
ing amount of the accelerator operating member 43. The
controller 41 receives a signal indicating a work imple-
ment operating amount from the work implement operat-
ing member 44. The work implement operating amount is
the operating amount of the work implement operating
member 44. The controller 41 receives a signal indicating
the setting of the work machine 1 from the inputdevice 45.
[0032] A process for controlling the engine 21 exe-
cuted by the controller 41 is explained hereinbelow.
FIG. 3 is a block diagram illustrating a process for con-
trolling the engine 21. As illustrated in FIG. 3, in step
S101, the controller 41 determines a required torque
(referred to below as T/M required torque) of the trans-
mission 24. The T/M required torque is the output torque
of the engine 21 required for causing the work machine 1
to travel by the travel device 25. The T/M required torque
is increased and decreased in accordance with the ac-
celerator operatingamount. The controller 41 determines
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the T/M required torque mainly from the accelerator
operating amount and the output rotation speed.
[0033] For example, the controller 41 stores first re-
quired torque data D1. The first required torque data D1
defines the relationship of a target tractive force (Ft) of the
work machine 1 with respect to the output rotation speed
(V) and the accelerator operating amount (A1). The
controller 41 refers to the first required torque data D1
and determines the target tractive force (Ft) from the
output rotation speed (V) and the accelerator operating
amount (A1). The controller 41 converts the target trac-
tive force (Ft) to the T/M required torque.

[0034] In step S102, the controller 41 determines the
required torque (referred to below as W/l required torque)
of the work implement 3. The W/I required torque is the
output torque of the engine 21 required for causing the
work implement 3 to move. The W/I required torque is
increased and decreased in accordance with the work
implement operating amount. The controller 41 deter-
mines the W/l required torque from the work implement
operating amount and the discharge pressure of the
hydraulic pump 32. For example, the controller 41 stores
second required torque data D2. The second required
torque data D2 defines the relationship between the work
implement operating amount (A2) and the required flow
rate (Qm) of hydraulic fluid. The controller 41 determines
the required flow rate (Qm) of hydraulic fluid from the work
implement operating amount (A2). The controller 41
calculates the W/l required torque from the required flow
rate (Qm) and the discharge pressure of the hydraulic
pump 32.

[0035] In step S103, the controller 41 determines a
target output torque of the engine 21. The controller 41
determines the target output torque of the engine 21 from
the T/M required torque and the W/I required torque. For
example, the controller 41 determines the target output
torque of the engine 21 from the sum of the T/M required
torque and the W/I required torque.

[0036] Specifically, as illustrated in FIG. 4, the control-
ler 41 stores an upper limit TL of the target output torque.
The upper limit TL of the target output torque is set in
accordance with the engine rotation speed. The control-
ler 41 determines the sum of the W/l required torque and
the T/M required torque as the target output torque when
the sum of the W/l required torque and the T/M required
torque is equal to or less than the upper limit TL of the
target output torque. The controller 41 determines the
upper limit TL of the target output torque as the target
output torque when the sum of the W/I required torque
and the T/Mrequired torque is greater than the upper limit
TL of the target output torque.

[0037] The controller 41 determines a throttle instruc-
tion for the fuel injection device 30 in accordance with the
target output torque determined as described above.
Consequently, the output of the engine 21 is controlled
to that the target output torque is attained.

[0038] When the sum of the W/l required torque and
the T/M required torque is greater than the upper limit TL,
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the controller 41 corrects the T/M required torque and the
WI/I required torque by distributing torque to the T/M
required torque and the W/l required torque in accor-
dance with a predetermined priority level.

[0039] For example, as illustrated in FIG. 4, the con-
troller41 stores a T/M assurance torque. The priority level
is set in order of the "T/M assurance torque," the "W/l
required torque," and a "remaining torque" obtained by
subtracting the T/M assurance torque from the T/M re-
quired torque. The priority level of the T/M assurance
torque is the highest and the priority level of the remaining
torque is the lowest.

[0040] The controller 41 calculates the remaining tor-
que so that the total of the T/M assurance torque, the W/I
required torque, and the remaining torque becomes the
upper limit TL of the target output torque. The controller
41 determines the total of the T/M assurance torque and
the remaining torque as the corrected T/M required tor-
que. When the total of the T/M assurance torque and the
WI/I required torque is greater than the upper limit TL of
the target output torque, the controller 41 corrects the W/l
required torque so that the total of the T/M assurance
torque and the W/l required torque becomes the upper
limit TL of the target output torque. The controller 41
controls the capacity of the hydraulic pump 32 based
on the corrected W/l required torque.

[0041] Inthe work machine 1 according to the present
embodiment, the controller 41 executes an output limiting
control for limiting the output of the engine 21 in accor-
dance with the work stage performed by the work ma-
chine 1. The output limiting control will be explained
below. FIG. 5 is a flow chart illustrating a process of
the output limiting control.

[0042] As illustrated in FIG. 5, in step S201, the con-
troller 41 controls the output of the engine 21 in a first
control mode. The controller 41 controls the output of the
engine 21 in the first control mode when performing
predetermined work other than excavation. The control-
ler 41 sets the upper limit of the output of the engine 21 to
a first upper limit output in the first control mode. The
controller 41 converts the first upper limit output of the
output of the engine 21 to the output torque of the engine
21 thereby determining the abovementioned upper limit
TL of the target output torque.

[0043] The predetermined work other than excavation
includes, forexample, loaded travel, unloaded travel, and
soil unloading. The loaded travel is work of traveling while
aloadis being carried onthe bucket 12. The loaded travel
is work of traveling while no load is being carried on the
bucket 12. The soil unloading is work for unloading the
load from the bucket 12.

[0044] In step S202, the controller 41 acquires state
data. The state data indicates operating states of the
work machine 1. The state dataincludes, forexample, the
abovementioned operating position of the FR operating
member 42, the boom bottom pressure, and the boom
angle.

[0045] Instep S203, the controller determines the work
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stage of the work implement based on the operating state
of the work machine 1. The controller 41 determines
whether the work stage is excavation based on the state
data. The controller 41 determines that the work stage is
excavation when the state data satisfies a condition
indicating excavation work. The condition indicating ex-
cavation work is, for example, the FR operating member
42 being in the forward travel position, the boom angle
being at a predetermined angle threshold or less, and the
boom bottom pressure being at a predetermined pres-
sure threshold or more. When the work stage is prede-
termined work other than excavation, the first control
mode is maintained in step S201.

[0046] Whenthe work stage is excavation, the process
advances to step S204. In step S204, the controller 41
controls the output of the engine 21 in the second control
mode. The controller 41 reduces the upper limit of the
output of the engine 21 in the second control mode to be
lower than that of the first control mode. The controller 41
sets the upper limit of the output of the engine 21 to a
second upper limit output in the second control mode.
The second upper limit output is smaller than the first
upper limit output.

[0047] The second upperlimitoutputis setasan output
of the engine 21 that is sufficient when performing ex-
cavation with the work machine 1. The second upper limit
output may be a constant value. Alternatively, the second
upper limit output may be variable. The second upper
limit output may be manually set by an operator using the
input device 45. The controller 41 converts the second
upper limit output of the output of the engine 21 to the
output torque of the engine 21 thereby determining the
abovementioned upper limit TL of the target output tor-
que.

[0048] FIG. 6 illustrates a first torque upper limit TL1
and a second torque upper limit TL2 of the target output
torque. The first torque upper limit TL1 indicates the
upper limit TL of the target output torque calculated from
the first upper limit output in the first control mode. The
second torque upper limit TL2 indicates the upper limit TL
of the target output torque calculated from the second
upper limit output in the second control mode. As illu-
strated in FIG. 6, the second torque upper limit TL2 is less
than the first torque upper limit TL1. Therefore, the con-
troller 41 reduces the upper limit TL of the target output
torque from the first torque upper limit TL1 to the second
torque upper limit TL2 in the second control mode.
[0049] In step S205, the controller 41 determines
whether the excavation is finished. The controller 41
determines that the excavation is finished when, for ex-
ample, the abovementioned condition indicating excava-
tion work is not satisfied. When the excavationis finished,
the controller 41 controls the output of the engine 21 in the
first control mode in step S201. That is, the controller 41
increases the upper limit of the output of the engine 21
from the first upper limit output to the second upper limit
output. If the excavation is not finished, the second con-
trol mode is maintained in step S204.
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[0050] FIG. 7 is a timing chart illustrating the upper
limits of the output of the engine 21 modified in accor-
dance with the work stage. "Non-excavation" in FIG. 7
signifies predetermined work other than excavation. As
illustrated in FIG. 7, the work machine 1 performs non-
excavation work from time T1 to T2. In this case, the
controller 41 controls the output of the engine 21 in the
first control mode and sets the upper limit of the output of
the engine 21 to the first upper limit output P1.

[0051] Whenthe work is switched from non-excavation
to excavation at the time T2, the controller 41 switches
the control mode of the engine 21 from the first control
mode to the second control mode. Consequently, the
controller 41 reduces the upper limit of the output of
the engine 21 from the first upper limit output P1 to the
second upper limit output P2. At this time, the controller
41 reduces the upper limit of the output of the engine 21 at
a predetermined reduction rate. The predetermined re-
duction rate signifies the amount of reduction of the upper
limit output per unit of time. Consequently, the upper limit
of the output of the engine 21 is reduced gradually from
the time T2 from the first upper limit output P1 to the
second upper limit output P2.

[0052] When the work is switched from excavation to
non-excavation at the time T3, the controller 41 switches
the control mode of the engine 21 from the second control
mode to the first control mode. Consequently, the con-
troller 41 increases the upper limit of the output of the
engine 21 from the second upper limit output P2 to the
first upper limit output P1. At this time, the controller 41
increases the upper limit of the output of the engine 21 at
a predetermined increase rate. The predetermined in-
crease rate signifies the amount of increase of the upper
limit output per unit of time. Consequently, the upper limit
of the output of the engine 21 is reduced gradually from
the time T3 from the second upper limit output P2 to the
first upper limit output P1.

[0053] Similarly, when the work is switched from non-
excavation to excavation at the time T4, the controller 41
switches the control mode of the engine 21 from the first
control mode to the second control mode. Consequently,
the controller 41 reduces the upper limit of the output of
the engine 21 from the first upper limit output P1. When
the work is switched from excavation to non-excavation
atthe time T5, the controller 41 switches the control mode
of the engine 21 from the second control mode to the first
control mode. Consequently, the controller 41 increases
the upper limit of the output of the engine 21 to the first
upper limit output P1.

[0054] The absolute value of the predetermined reduc-
tion rate is less than the absolute value of the predeter-
mined increase rate. Therefore, when the upper limit of
the output of the engine 21 is reduced, the upper limit of
the output of the engine 21 changes more slowly than
when increasing the upper limit of the output of the engine
21. In other words, when the upper limit of the output of
the engine 21 is increased, the upper limit of the output of
the engine 21 changes more quickly than when reducing
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the upper limit of the output of the engine 21.

[0055] In the work machine 1 according to the present
embodiment described above, when the work stage is
determined as being excavation, the output of the engine
21 is controlled in the second control mode. In the second
control mode, the upper limit of the output of the engine 21
is reduced more than in the first control mode. The first
upper limit output in the first control mode is greater than
the output of the engine 21 necessary for excavation, and
the second upper limit output in the second control mode
is the output of the engine 21 sufficient for excavation. As
a result, fuel consumption is improved because the en-
gine 21 is controlled in the second control mode at a
suitable output that corresponds to the load on the work
machine 1 during excavation.

[0056] Although an embodiment of the present inven-
tion has been described so far, the present invention is
not limited to the above embodiment and various mod-
ifications may be made within the scope of the invention.
[0057] The work machine 1 is not limited to a wheel
loader and may be another machine such as a bulldozer
or a motor grader. The work machine 1 may be remotely
operated. In this case, the FR operating member 42, the
accelerator operating member 43, the work implement
operating member 44, and the input device 45 may be
disposed outside the work machine 1.

[0058] The controller 41 may be configured by a plur-
ality of controllers. The abovementioned processing of
the control of the work machine 1 may distributed and
executed among the plurality of controllers. The control
method of the engine 21 is not limited to that of the above
embodiment and may be modified. The abovementioned
correction of the W/l required torque and the correction of
the T/M required torque may be omitted.

[0059] The outputlimiting control of the engine 21 is not
limited to that of the above embodiment and may be
modified. The method for determining whether the work
stage is excavation is not limited to that of the above
embodiment and may be modified. For example, the
work stage may be determined with an image captured
by a camera.

[0060] For example, the controller 41 may control the
output of the engine 21 in the second control mode during
work other than excavation. For example, the controller
41 may control the output of the engine 21 in the second
control mode when the work machine 1 is performing hill
climbing travel. The controller 41 may determine whether
the work stage is hill climbing travel from the output
rotation speed and the attitude of the vehicle body 2.
Alternatively, the controller 41 may control the output of
the engine 21 in the first control mode when the work
machine 1 is performing hill climbing travel.

[0061] The control mode for the maximum tractive
force of the work machine 1 may be set manually. For
example, the control mode of the maximum tractive force
may include a Hi-mode and a Lo-mode. The controller 41
may control the engine 21 so that the maximum tractive
force of the work machine 1 is lower in the Lo-mode than
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in the Hi-mode. The abovementioned output limiting
control may be executed only when the Hi-mode is se-
lected. Alternatively, the output limiting control may be
executed when any one of the Hi-mode and the Lo-mode
is selected.

[Industrial Applicability]

[0062] According to the present disclosure, fuel con-
sumption can be improved in a work machine by control-
ling the engine with a suitable output in accordance with
the load on the work machine.

[List of Reference Numerals]
[0063]

2: Vehicle body

3: Work implement

21:  Engine

25:  Travel device

38:  Work implement attitude sensor
41:  Controller

Claims
1. A work machine comprising:

a vehicle body;

an engine mounted to the vehicle body;

a travel device that is mounted to the vehicle
body and causes the vehicle body to travel by
being driven with driving power from the engine;
a work implement that is movably supported by
the vehicle body and operates with the driving
power from the engine;

a sensor that detects state data indicating oper-
ating states of the travel device and the work
implement; and

a controller to control the engine, the travel
device, and the work implement, the controller
being configured to

acquire the state data,

determine a work stage being performed by
the work machine based on the operating
states of the travel device and the work
implement,

control an output of the engine in a first
control mode when the work stage is deter-
mined as being predetermined work other
than excavation,

control the output of the engine in a second
control mode when the work stage is deter-
mined as being excavation, and

reduce the output of the engine in the sec-
ond control mode to be lower than that of the
first control mode.
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The work machine according to claim 1, wherein
the controlleris configured to reduce an upper limit of
the output of the engine gradually at a predetermined
reduction rate when switching from the first control
mode to the second control mode.

The work machine according to claim 1, wherein
the controller is configured to increase an upper limit
of the output of the engine gradually at a predeter-
mined increase rate when switching from the second
control mode to the first control mode.

The work machine according to claim 1, wherein
the controller is configured to

reduce an upper limit of the output of the
engine gradually at a predetermined reduc-
tion rate when switching from the first con-
trol mode to the second control mode,

increase the upper limit of the output of the
engine gradually at a predetermined in-
crease rate when switching from the second
control mode to the first control mode, and

an absolute value of the predetermined reduc-
tion rate is less than an absolute value of the
predetermined increase rate.

A method for controlling a work machine including a
vehicle body, an engine mounted to the vehicle body,
a travel device that is mounted to the vehicle body
and causes the vehicle body to travel by being driven
with driving power from the engine, and a work
implement movably supported by the vehicle body
and operating with the driving power from the engine,
the method comprising:

detecting state data indicating operating states
of the travel device and the work implement;
determining a work stage being performed by
the work machine based on the operating states
of the travel device and the work implement;
controlling an output of the engine in a first
control mode when the work stage is determined
as being predetermined work other than exca-
vation;

controlling the output of the engine in a second
control mode when the work stage is determined
as being excavation; and

reducing the output of the engine in the second
control mode to be lower than the that of the first
control mode.

The method according to claim 5, further comprising
reducing an upper limit of the output of the engine
gradually at a predetermined reduction rate when
switching from the first control mode to the second
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control mode.

The method according to claim 5, further comprising
increasing an upper limit of the output of the engine
gradually at a predetermined increase rate when
switching from the second control mode to the first
control mode.

The method according to claim 5, further comprising:

reducing an upper limit of the output of the en-
gine gradually at a predetermined reduction rate
when switching from the first control mode to the
second control mode; and

increasing the upper limit of the output of the
engine gradually at a predetermined increase
rate when switching from the second control
mode to the first control mode, wherein

an absolute value of the predetermined reduc-
tion rate is less than an absolute value of the
predetermined increase rate.



EP 4 585 752 A1

FIG. 1
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