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(54) CONTROL DEVICE, CONTROL METHOD, AND WORKING MACHINE

(57) The control device includes an acquisition unit
configured to repeatedly acquire a first detection signal
output according to a tilt amount of an operation lever by a
first tilt amount sensor configured to detect the tilt amount
of the operation lever of the work equipment tilted from a
neutral position in a first direction or a second direction
opposite to the first direction, and a second detection
signal output according to the tilt amount by a second tilt
amount sensor configured to detect the tilt amount, and a
control unit configured to repeatedly determine whether
or not the first detection signal and the second detection
signal are a value corresponding to the neutral position at
a time of start of the work machine, for a predetermined
time, output an alarm indicating that both of the first
detection signal and the second detection signal are
not the value corresponding to the neutral position from
a predetermined output unit in a case where both of the
first detection signal and the second detection signal are
not the value corresponding to the neutral position, and
stop the output of the alarm and generate and output a
predetermined control signal for controlling the work

equipment based on the first detection signal when both
of the first detection signal and the second detection
signal are the value corresponding to the neutral position
before the predetermined time elapses.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a control de-
vice, a control method, and a work machine.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2022‑134218, filed August 25, 2022, the content
of which is incorporated herein by reference.

BACKGROUND ART

[0003] Patent Document 1 discloses a control device
that detects a tilt angle of an operation lever of work
equipment (a movable body) by two detection units,
compares the detected tilt angles, determines whether
or not there is an abnormality on the basis of a compar-
ison result, and controls the work equipment on the basis
of a detection result of a tilt angle that is smaller in a case
where there is the abnormality. The two detection units
disclosed in Patent Document 1 have characteristics in
which one detection unit decreases a voltage of a detec-
tion signal as an angle increases and the other detection
unit increases the voltage of the detection signal as the
angle increases. The control device determines whether
or not there is an abnormality by comparing a total value
of the two detection signals with a normal value.

Citation List

Patent Document

[0004] Patent Document 1: Japanese Unexamined
Patent Application, First Publication

SUMMARY OF INVENTION

Technical Problem

[0005] The control device disclosed in Patent Docu-
ment 1 operates the work equipment at a faster speed as
the tilt angle from the neutral position of the operation
lever is larger. Therefore, for example, in a case where an
abnormality occurs in which only a signal indicating that
the tilt angle from the neutral position is large can be
output to the two detection units, there is a problem that
the control of the work equipment may be inappropriate.
[0006] The present disclosure has been made in view
of the above circumstances, and an object of the present
disclosure is to provide a control device, a control meth-
od, and a work machine capable of appropriately dealing
with a case where an abnormality occurs in the detection
of a tilt amount of an operation lever of the work equip-
ment.

Solution to Problem

[0007] According to an aspect of the present disclo-

sure, there is provided a control device of a work machine
including work equipment, the control device including:
an acquisition unit configured to repeatedly acquire a first
detection signal output according to a tilt amount of an
operation lever by a first tilt amount sensor configured to
detect the tilt amount of the operation lever of the work
equipment tilted from a neutral position in a first direction
or a second direction opposite to the first direction, and a
second detection signal output according to the tilt
amount by a second tilt amount sensor configured to
detect the tilt amount; and a control unit configured to
repeatedly determine whether or not the first detection
signal and the second detection signal are a value cor-
responding to the neutral position at a time of start of the
work machine, for a predetermined time, output an alarm
indicating that both of the first detection signal and the
second detection signal are not the value corresponding
to the neutral position from a predetermined output unit in
a case where both of the first detection signal and the
second detection signal are not the value corresponding
to the neutral position, and stop the output of the alarm
and generate and output a predetermined control signal
for controlling the work equipment based on the first
detection signal when both of the first detection signal
and the second detection signal are the value corre-
sponding to the neutral position before the predeter-
mined time elapses.
[0008] According to an aspect of the present disclo-
sure, there is provided a control method of a work ma-
chine including work equipment, the control method in-
cluding: a step of repeatedly acquiring a first detection
signal output according to a tilt amount of an operation
lever by a first tilt amount sensor configured to detect the
tilt amount of the operation lever of the work equipment
tilted from a neutral position in a first direction or a second
direction opposite to the first direction, and a second
detection signal output according to the tilt amount by
a second tilt amount sensor configured to detect the tilt
amount; and a step of repeatedly determining whether or
not the first detection signal and the second detection
signal are a value corresponding to the neutral position at
a time of start of the work machine, for a predetermined
time, outputting an alarm indicating that both of the first
detection signal and the second detection signal are not
the value corresponding to the neutral position from a
predetermined output unit in a case where both of the first
detection signal and the second detection signal are not
the value corresponding to the neutral position, and
stopping the output of the alarm and generating and
outputting a predetermined control signal for controlling
the work equipment based on the first detection signal
when both of the first detection signal and the second
detection signal are the value corresponding to the neu-
tral position before the predetermined time elapses.
[0009] According to an aspect of the present disclo-
sure, there is provided a work machine including: work
equipment; an acquisition unit configured to repeatedly
acquire a first detection signal output according to a tilt
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amount of an operation lever by a first tilt amount sensor
configured to detect the tilt amount of the operation lever
of the work equipment tilted from a neutral position in a
first direction or a second direction opposite to the first
direction, and a second detection signal output according
to the tilt amount by a second tilt amount sensor config-
ured to detect the tilt amount; and a control unit config-
ured to repeatedly determine whether or not the first
detection signal and the second detection signal are a
value corresponding to the neutral position at a time of
start of the work machine, for a predetermined time,
output an alarm indicating that both of the first detection
signal and the second detection signal are not the value
corresponding to the neutral position from a predeter-
mined output unit in a case where both of the first detec-
tion signal and the second detection signal are not the
value corresponding to the neutral position, and stop the
output of the alarm and generate and output a predeter-
mined control signal for controlling the work equipment
based on the first detection signal when both of the first
detection signal and the second detection signal are the
value corresponding to the neutral position before the
predetermined time elapses. Advantageous Effects of
Invention
[0010] According to the control device, the control
method, and the work machine of the present disclosure,
it is possible to appropriately cope with a case where an
abnormality occurs in detection of a tilt amount of an
operation lever of work equipment.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

[FIG. 1] A side view showing a work machine accord-
ing to an embodiment of the present disclosure.
[FIG. 2] A block diagram showing a configuration
example of a control system of the work machine
according to the embodiment of the present disclo-
sure.
[FIG. 3] A cross-sectional view showing an operation
lever according to the embodiment of the present
disclosure.
[FIG. 4] A cross-sectional view showing the opera-
tion lever according to the embodiment of the pre-
sent disclosure.
[FIG. 5] An output characteristic diagram of an angle
sensor according to the embodiment of the present
disclosure.
[FIG. 6] A state transition diagram showing an op-
eration example of the controller according to the
embodiment of the present disclosure.
[FIG. 7] A schematic diagram for describing an op-
eration example of the controller according to the
embodiment of the present disclosure.
[FIG. 8] A schematic diagram for describing an op-
eration example of the controller according to the
embodiment of the present disclosure.

[FIG. 9] A schematic diagram for describing an op-
eration example of the controller according to the
embodiment of the present disclosure.
[FIG. 10] A schematic diagram for describing an
operation example of the controller according to
the embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0012] Embodiments of the present disclosure will be
described below with reference to the drawings. In addi-
tion, in each drawing, the same reference numerals are
used for the same or corresponding components, and the
description thereof will be omitted as appropriate.
[0013] In the present embodiment, a local coordinate
system is set in a work machine 1, and a positional
relationship of each of units will be described with refer-
ence to the local coordinate system. In the local coordi-
nate system, a first axis extending in a right-left direction
(vehicle width direction) of the work machine 1 will be
defined as an X-axis, a second axis extending in a front-
rear direction of the work machine 1 will be defined as a Y-
axis, and a third axis extending in an up-down direction of
the work machine 1 will be defined as a Z-axis. The X-axis
and the Y-axis are orthogonal to each other. The Y-axis
and the Z-axis are orthogonal to each other. The Z-axis
and the X-axis are orthogonal to each other. A +X-direc-
tion is the right direction, and a ‑X-direction is the left
direction. A +Y-direction is the front direction, and a ‑Y-
direction is the rear direction. A +Z-direction is the up
direction, and a ‑Z-direction is the down direction.

[Overview of Work Machine]

[0014] FIG. 1 is a side view showing the work machine
1 according to the present embodiment. For example, the
work machine 1 according to the present embodiment is a
wheel loader. Hereinafter, the work machine 1 will be
referred to as a wheel loader 1 as appropriate.
[0015] As shown in FIG. 1, the wheel loader 1 has a
vehicle body 2, a cab 3, a traveling device 4, and work
equipment 10. The wheel loader 1 travels on a work place
by using the traveling device 4. In the work place, the
wheel loader 1 carries out work by using the work equip-
ment 10. The wheel loader 1 can use the work equipment
10 to carry out the work, such as excavation work, loading
work, transport work, and snow removal work.
[0016] The cab 3 is supported by the vehicle body 2.
Inside the cab 3, a driver’s seat 31 on which an operator
sits, an operation device 32 to be described later, a dis-
play and input unit 35, and an output unit 36 are disposed.
[0017] The traveling device 4 has rotatable wheels 5.
The wheels 5 support the vehicle body 2. The wheel
loader 1 can travel on a road surface (or ground) RS
by the traveling device 4. It should be noted that FIG. 1
shows only a front wheel 5F and a rear wheel 5R on a left
side.
[0018] The work equipment 10 is supported by vehicle

5

10

15

20

25

30

35

40

45

50

55



4

5 EP 4 502 298 A1 6

body 2. The work equipment 10 is configured by a bucket
12 as an example of a work tool, and a movable support
section 17 that changes a position and a posture of the
bucket 12. In the example shown in FIG. 1, the movable
support section 17 includes a boom 11, a boom cylinder
13, a bucket cylinder 14, a bell crank 15, and a link 16.
[0019] The boom 11 is rotatably supported with respect
to the vehicle body 2, and moves in the up-down direction
according to expansion and contraction of the boom
cylinder 13. The boom cylinder 13 is an actuator that
generates power for moving the boom 11, and has one
end portion connected to the vehicle body 2 and the other
end portion connected to the boom 11. In a case where
the operator operates the boom operation lever 33 (FIG.
2) included in the operation device 32, the boom cylinder
13 contracts and extends. As a result, the boom 11 moves
in the up-down direction. The boom cylinder 13 is, for
example, a hydraulic cylinder.
[0020] The bucket 12 has bucket teeth 12T and is a
work tool for performing excavation of the object to be
excavated such as earth or loading thereof. The bucket
12 is rotatably connected to the boom 11, and is rotatably
connected to one end portion of the link 16. The other end
portion of the link 16 is rotatably connected to one end
portion of the bell crank 15. The bell crank 15 has a central
portion connected to the boom 11 to be rotationally
movable, and the other end portion rotatably connected
to one end portion of the bucket cylinder 14. The other
end portion of the bucket cylinder 14 is rotatably con-
nected to the vehicle body 2. The bucket 12 is operated by
power generated by the bucket cylinder 14. The bucket
cylinder 14 is an actuator that generates power for mov-
ing the bucket 12. In a case where the operator operates
the bucket operation lever 34 (FIG. 2), the bucket cylinder
14 is contracted and extended. As a result, the bucket 12
swings. The bucket cylinder 14 is, for example, a hydrau-
lic cylinder. The bucket teeth 12T has a shape of chevron
teeth, flat teeth, or the like, and is attached to an end
portion of the bucket 12 to be replaceable.

[Configuration of Control System]

[0021] FIG. 2 is a block diagram showing a configura-
tion example of the control system of the wheel loader 1
according to the present embodiment. As shown in FIG.
2, the wheel loader 1 includes a power source 201, a
power take off (PTO)202, a hydraulic pump 203, a control
valve 200, an operation device 32, a display and input unit
35, an output unit 36, and a controller 100.
[0022] The power source 201 generates a driving force
for operating the work machine. An internal combustion
engine and an electric motor are exemplary examples of
the power source.
[0023] The PTO 202 transmits at least a part of the
driving force of the power source 201 to the hydraulic
pump 203. The PTO 202 distributes the driving force of
the power source 201 to the traveling device 4 and the
hydraulic pump 203.

[0024] The hydraulic pump 203 is driven by the power
source 201, and discharges a hydraulic oil. At least a part
of the hydraulic oil discharged from the hydraulic pump
203 is supplied to each of the boom cylinder 13 and the
bucket cylinder 14 via the control valve 200. The control
valve 200 receives a predetermined control signal from
the controller 100 and controls the flow rate, the pressure,
and the direction of the hydraulic oil supplied to each of
the boom cylinder 13 and the bucket cylinder 14 from the
hydraulic pump 203. The work equipment 10 is operated
by the hydraulic oil from the hydraulic pump 203.
[0025] The operation device 32 is disposed inside the
cab 3. The operation device 32 is operated by the op-
erator. The operator operates the operation device 32 to
adjust a traveling direction and a traveling speed of the
wheel loader 1, switches between forward and rearward
movement, and operates the work equipment 10. The
operation device 32 includes, for example, a steering, a
shift lever, an accelerator pedal, a brake pedal, a boom
operation lever 33, and a bucket operation lever 34. The
boom operation lever 33 is an operation lever for operat-
ing the posture of the boom 11. The boom operation lever
33 includes a main angle sensor 331 and a sub angle
sensor 332, and outputs two detection signals indicating
the tilt amount of the operation lever. The bucket opera-
tion lever 34 is an operation lever for operating the
posture of the bucket 12. The bucket operation lever
34 includes a main angle sensor 341 and a sub angle
sensor 342, and outputs two detection signals indicating
the tilt amount of the operation lever.
[0026] In a case where the boom operation lever 33
and the bucket operation lever 34 are collectively referred
to, the boom operation lever 33 and the bucket operation
lever 34 are referred to as operation levers. In a case of
collectively referring to the main angle sensor 331, the
sub angle sensor 332, the main angle sensor 341, and
the sub angle sensor 342, the main angle sensor 331, the
sub angle sensor 332, the main angle sensor 341, and
the sub angle sensor 342 are referred to as an angle
sensor. In addition, in a case where the main angle
sensor 331 and the main angle sensor 341 are collec-
tively referred to, the main angle sensor 331 and the main
angle sensor 341 are referred to as a main angle sensor.
In addition, in a case where the sub angle sensor 332 and
the sub angle sensor 342 are collectively referred to, the
sub angle sensor 332 and the sub angle sensor 342 are
referred to as a sub angle sensor. The angle sensor
detects a tilt amount of the operation lever and outputs
a detection signal indicating a detection result by an
analog voltage value. The tilt amount can be represented
by a value corresponding to, for example, the tilt angle, a
movement amount of a grip portion, and the like. The
angle sensor can be configured by, for example, a com-
bination of a variable resistor (potentiometer) and a sig-
nal processing circuit, a combination of a hall element
and a signal processing circuit, or the like. In addition,
each detection signal is set such that a total value of a
voltage value of the detection signal of the main angle
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sensor and a voltage value of the detection signal of the
sub angle sensor is a constant value. In addition, in the
following, the main angle sensor may be simply referred
to as a main, and the sub angle sensor may be simply
referred to as a sub.
[0027] The display and input unit 35 is configured by a
combination of an input device and a display device, an
input display device, such as a touch panel, and the like.
The operator inputs, for example, a set value or the like in
the control of the work equipment 10 using the display
and input unit 35. The output unit 36 includes a display
device, an output device for a synthetic voice, an alarm
sound, or a notification sound, a display lamp such as a
warning lamp, or the like, and outputs predetermined
information.
[0028] The main angle sensor is an example of a first tilt
amount sensor according to the present disclosure. In
addition, the sub angle sensor is an example of a second
tilt amount sensor according to the present disclosure.
[0029] FIGS. 3 and 4 are cross-sectional views show-
ing the boom operation lever 33 and the bucket operation
lever 34 according to the present embodiment. The boom
operation lever 33 and the bucket operation lever 34 may
have the same configuration, and hereinafter, the boom
operation lever 33 will be described as an example. FIG.
3 shows a case where a tilt position of the boom operation
lever 33 is a neutral position, and FIG. 4 shows a case
where the tilt position of the boom operation lever 33 is a
position reaching a stroke end in a rear direction. The
boom operation lever 33 is also tilted in the front direction
in the same manner. The boom operation lever 33 has a
mechanism that automatically returns the position of the
operation lever to the neutral position in a state where a
certain or more operation force is not applied to the
operation lever. In the present embodiment, the angle
sensor is provided below the operation lever and detects
the tilt amount of the operation lever. A spring 301 is
provided at a tilting center of the operation lever. The
spring 301 has a function of automatically returning the
position of the operation lever to the neutral position. A
detent solenoid 302 is provided below the operation
lever. The detent solenoid 302 has a function of holding
the operation lever at a position where the operation lever
is most tilted even in a case where the hand is released
from the operation lever when the operation lever is most
tilted in a case where the current flows to the detent
solenoid 302. The operation lever according to the pre-
sent embodiment is the operation lever of the work equip-
ment 10 that is tilted from the neutral position in the first
direction (for example, the front direction) or the second
direction (for example, the rear direction) opposite to the
first direction.
[0030] FIG. 5 is an output characteristic diagram of the
angle sensor according to the embodiment of the present
disclosure. A horizontal axis is the output voltage, and a
vertical axis is the operation lever stroke. In this case, the
operation lever stroke is represented by a percentage in a
case where the stroke end is set to "1". In addition, the

neutral position is set to "0%", and for example, a case
where the operation lever is tilted forward is represented
by a negative value, and a case where the operation lever
is tilted backward is represented by a positive value.
Here, the positive and negative directions may be re-
versed. A voltage value V1 is, for example, "0 V", and a
voltage value V5 is, for example, "5 V". In the present
embodiment, a range of a signal voltage in the controller
100 is a direct current of 0 to 5 V. A voltage value V2 is a
determination voltage for a ground failure, and a voltage
value V4 is a determination voltage for a power supply
failure. In a case where the voltage of the detection signal
output by the angle sensor is V2 or less, it can be
determined that the ground failure occurs. In a case
where the voltage of the detection signal output by the
angle sensor is V4 or more, it can be determined that the
power supply failure occurs. A range of the detection
signal of the angle sensor is smaller than a range of the
voltage value V2 to the voltage value V4. In addition, the
voltage value V3 is a voltage corresponding to the neutral
position, and is, for example, "2.5 V". In this example, the
total value of the voltage value Vm of the detection signal
of the main angle sensor and the voltage value Vs of the
detection signal of the sub angle sensor is constant, for
example, "5 V". In FIG. 5, a solid line indicates a voltage
value Vm of the detection signal of the main angle sensor,
and a one-dot chain line indicates a voltage value Vs of
the detection signal of the sub angle sensor. Output
characteristics indicated by a two-dot chain line are an
example in a case where the output characteristics in-
dicated by the solid line fall due to some kind of problem.
For example, in a case where the voltage value of the
detection signal of the main angle sensor is decreased to
Vm’, the sum of Vm’ and Vs is less than 5 V
[0031] The controller 100 is configured by using, for
example, a field programmable gate array (FPGA) or a
microcomputer having a processor, a main storage de-
vice, an auxiliary storage device, an input/output device,
and the like. The controller 100 includes an acquisition
unit 101 and a control unit 102 as a functional configura-
tion composed of a combination of hardware, software
such as a program, and the like. The controller 100
according to the present embodiment drives and controls
the boom cylinder 13 and the bucket cylinder 14 by
controlling the control valve 200 according to an opera-
tion of the operation device 32 and the like. The controller
100 is an example of a control device according to the
present disclosure.
[0032] The acquisition unit 101 repeatedly acquires
each detection signal (first detection signal) output by
the main angle sensor according to the tilt amount of the
operation lever and each detection signal (second detec-
tion signal) output by the sub angle sensor according to
the tilt amount of the operation lever, for example, at a
predetermined cycle (for example, a cycle of several
milliseconds to several hundreds of milliseconds).
[0033] For example, the control unit 102 determines
whether or not each detection signal is normal or abnor-
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mal based on the detection signal of the main angle
sensor and the detection signal of the sub angle sensor,
and selects which detection signal of the angle sensor is
to be used to control the control valve 200 when the
detection signal is abnormal. There are the following
two types of determination of whether or not there is
an abnormality performed by the control unit 102. One
is determination of whether or not each detection signal is
a value indicating that the operation lever is in the neutral
position, on the premise that the operation lever is not
operated at the time of turning on the key (at the time of
starting the wheel loader 1) of the wheel loader 1. This
determination is referred to as a neutral determination.
The time when the key is turned on is a time shorter than a
time normally required from turning on the key to starting
the operation of the operation lever, and is, for example, a
time of several seconds to several tens of seconds from
turning on the key. Another determination is whether or
not the total value of the voltage values of the main and
sub detection signals is a predetermined constant value.
This determination is referred to as a sum determination
or an error determination. The sum determination is not
limited to the start, and can be performed even during the
operation of the operation lever.
[0034] For example, at the time of turning on the key of
(at the time of starting) the wheel loader 1, the control unit
102 determines whether or not the detection signal (first
detection signal) of the main angle sensor and the detec-
tion signal (second detection signal) of the sub angle
sensor are a value corresponding to the neutral position,
and in a case where both of the first detection signal and
the second detection signal are values corresponding to
the neutral position, the control unit 102 generates and
outputs a predetermined control signal for controlling the
work equipment 10 based on the first detection signal. In
addition, for example, in a case where any one of the first
detection signal or the second detection signal does not
have the value corresponding to the neutral position, the
control unit 102 generates and outputs the control signal
based on the other of the first detection signal or the
second detection signal, and outputs predetermined in-
formation corresponding to a case where one of the first
detection signal or the second detection signal from the
output unit 36 does not have the value corresponding to
the neutral position. In the example shown in FIG. 5, the
value corresponding to the neutral position is a voltage
value within V3 ± α. Here, α is a voltage value in an
allowable range of the determination. In addition, the
output of the predetermined information is, for example,
display of an error code representing a case where the
value does not correspond to the neutral position, noti-
fication that the abnormality is detected by a synthetic
voice or an electronic sound, lighting or blinking of a
predetermined display lamp, and the like. The output
of the predetermined information is also referred to as
error report.
[0035] In addition, for example, in a case where any
one of the first detection signal or the second detection

signal does not have a value corresponding to the neutral
position, the control unit 102 generates and outputs the
control signal on the basis of the other of the first detection
signal or the second detection signal after limiting the
function of the work equipment 10. The restriction of the
function of the work equipment 10 is a restriction of an
action or an operation of the work equipment 10, and is,
for example, a restriction of an operation speed of the
work equipment 10 to a value lower than a normal value
(for example, a normal value of several to several tens of
%).
[0036] In addition, for example, in a case where the
control unit 102 determines that both of the first detection
signal and the second detection signal are the value
corresponding to the neutral position, the control unit
102 determines whether or not the total value of the first
detection signal and the second detection signal is a
certain value, and in a case where the total value is not
the certain value, the control unit 102 generates and
outputs a control signal to stop the operation of the
predetermined actuator of the work equipment 10. Here,
the certain value is a voltage value within a range of 2
times the voltage value V3 ± β described with reference
to FIG. 5. In addition, β is a voltage value in an allowable
range of the determination.
[0037] In addition, for example, at the time of turning on
the key of (at the time of starting) the wheel loader 1, the
control unit 102 repeatedly determines whether or not the
detection signal (first detection signal) of the main angle
sensor and the detection signal (second detection signal)
of the sub angle sensor correspond to the neutral position
from a time of the key-on for a predetermined time. The
predetermined time can be, for example, about several
seconds to several tens of seconds. In a case where both
of the first detection signal and the second detection
signal are not values corresponding to the neutral posi-
tion, the control unit 102 outputs an alarm of that fact from
the output unit 36. In addition, when both of the first
detection signal and the second detection signal have
the value corresponding to the neutral position before the
predetermined time elapses, the control unit 102 stops
the output of the alarm, and generates and outputs a
control signal for controlling the work equipment 10
based on the first detection signal. In addition, the output
of the alarm is, for example, display of an error code
indicating that the operation lever is not in the neutral
position, notification that the operation lever is not in the
neutral position by synthetic voice or electronic sound,
lighting or blinking of a predetermined display lamp in-
dicating that the operation lever is not in the neutral
position, or the like.

[Operation Example of Controller]

[0038] FIG. 6 is a state transition diagram showing an
operation example of the controller according to the
embodiment of the present disclosure. FIGS. 7 to 10
are schematic diagrams for describing operation exam-
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ples of the controller according to the embodiment of the
present disclosure. FIG. 6 shows a transition of a deter-
mination state (states S0 to S8) of whether or not there is
an abnormality based on the detection signal of the main
angle sensor and the detection signal of the sub angle
sensor by the control unit 102. The state transition shown
in FIG. 6 is started in a case where the key is turned on.
The initial state is the state S0.
[0039] In the state S0, the initial check is executed by
the control unit 102 in order to determine which of the
states S 1 to S4 the transition is made to next. The state
transitions to any one of the states S 1 to S4 from the state
S0 on the basis of the result of the initial check. The main
angle sensor and the sub angle sensor are selected in the
state S0. FIG. 7 shows the contents of the initial check.
The control unit 102 performs the neutral determination in
the state S0. The control unit 102 performs the neutral
determination of the main and sub at a T5 time (for
example, 0.3 seconds) from the start and at a T6 time
(for example, 0.5 seconds) after the elapse of the T5 time.
The control unit 102 determines that the state is neutral
as long as the state is always within the neutral range for
the T6 time. In addition, the control unit 102 determines
that the state is non-neutral in a case where the state is
out of the neutral range even once for the T6 time.
[0040] When the condition 1 is established in the state
S0, the state transitions to the state S1. When the con-
dition 2 is established in the state S0, the state transitions
to the state S2. When the condition 3 is established in the
state S0, the state transitions to the state S3. When the
condition 4 is established in the state S0, the state
transitions to the state S4. FIG. 8 shows a list of the
conditions 1 to 7.
[0041] The condition 1 is established when the condi-
tion 2 is not established, the condition 3 is not estab-
lished, and the condition 4 is not established.
[0042] The condition 2 is established when the main is
neutral, the sub is non-neutral, and both of the main and
the sub are out of an error detection range of disconnec-
tion, ground fault, or power supply fault. The disconnec-
tion can be determined by whether or not an output signal
line of each sensor is in a high impedance state.
[0043] The condition 3 is established when the main is
non-neutral, the sub is neutral, and both of the main and
the sub are out of the error detection range of the dis-
connection, ground fault, or power supply fault.
[0044] The condition 4 is established when the main is
non-neutral, the sub is non-neutral, and both of the main
and the sub are out of the error detection range of the
disconnection, the ground fault, or power supply fault.
[0045] The state S 1 is a state in which both of the main
and the sub are normal (usually). The selection of the
main and the sub is the main. The output of the error is in a
state in which there is no error (a state in which there is no
error report or alarm). When the condition 7 is established
for the T1 time (for example, 0.05 seconds) in the state S
1, the state transitions from the state S1 to a state S6.
[0046] The state S2 is a state in which the sub is

abnormal. The selection of the main and the sub is the
main. The output of the error is error report. The function
of the work equipment 10 is limited. The state S2 is
maintained until the key is turned off.
[0047] The state S3 is a state in which the main is
abnormal. The selection of the main and the sub is the
sub. The output of the error is error report. The function of
the work equipment 10 is limited. The state S3 is main-
tained until the key is turned off.
[0048] The state S4 is a state in which both of the main
and the sub are abnormal. The output of the error is an
alarm. In the state S4, when the condition 5 is estab-
lished, the state transitions to the state S0, and when the
condition 6 is established, the state transitions to the state
S5.
[0049] The condition 5 is established when both of the
main and the sub are neutral for the T3 time (for example,
0.5 seconds) or more. In a case of performing the transi-
tion, the control unit 102 changes the initial check result to
neutral for both of the main and sub.
[0050] The condition 6 is established when the T4 time
(for example, 10 seconds) elapses after the state transi-
tions to the state S4.
[0051] The condition 7 is that the total value of the main
and sub voltage values is out of the range of 2 × V3 ± β
and both of the main and sub are out of the error detection
range of the disconnection, the ground fault, or power
supply fault.
[0052] The state S5 is a state in which both of the sub
and the main are abnormal. The selection of the main and
the sub is the main. The output of the error is error report.
The function of the work equipment 10 is limited. The
state S5 transitions to the state S7 in a case where the
condition 7 is established for the T1 time.
[0053] The state S6 is a state in which one or both of the
sub or the main are abnormal. The selection of the main
and the sub is the main. There is no error output. The
operation of a predetermined actuator of the work equip-
ment 10 is stopped. The state S6 transitions to the state
S1 when the condition 7 is not established, and transi-
tions to the state S8 when the condition 7 is established
for the T2 time (for example, 1 second).
[0054] The state S7 is a state in which both of the sub
state and the main state are abnormal. The selection of
the main and the sub is the main. The output of the error is
error report. The operation of a predetermined actuator of
the work equipment 10 is stopped. The state S7 transi-
tions to the state S6 when the condition 7 is not estab-
lished, and transitions to the state S8 in a case where the
condition 7 is further established for the T2 time.
[0055] The state S8 is a state in which one or both of the
sub or the main are abnormal. The selection of the main
and the sub is the main. The output of the error is error
report. The operation of a predetermined actuator of the
work equipment 10 is stopped. The state S8 is main-
tained until the key is turned off.
[0056] In the state transition shown in FIG. 6, in the
state S2 and the state S3, since the work equipment 10
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can be moved when one of the main or the sub is non-
neutral and the other is normal, the emergency operation
can be performed. In addition, since the error report is
performed, the repair is prompted, and it is possible to
reduce the possibility that the other angle sensor is also
failed (double failure). The emergency operation in the
present embodiment means the operation of the work
machine 1 in a state where the minimum function is
maintained in an emergency such as a failure, and is,
for example, the operation in a state where the function
necessary for driving the work equipment 10 to a state
where the work machine 1 can travel and for moving the
work machine 1 to a repairable place or the like is main-
tained.
[0057] In addition, in the state S4, an alarm (for exam-
ple, an erroneous operation alarm (not a failure)) is
activated in a case of an erroneous operation when the
key is turned on, and the failure is determined in a case
where the abnormality is determined to be the T4 time or
more.
[0058] In state S8, in a case of the sum error, safety is
secured by the forced stop of the work equipment 10. In a
case where the emergency operation is required, turning
the key from OFF to ON will cause a transition to state S2,
for example,and when one of the sensors is not failed, the
work equipment 10 can be operated.
[0059] FIG. 9 is a table summarizing the operation of
the controller 100 described with reference to FIG. 6. In
the neutral determination or the error determination, "o"
represents normality and "×" represents abnormality.
For the emergency operation, "o" represents that the
posture of the work equipment 10 is driven to a state
where the work equipment 10 can travel and the emer-
gency operation is possible, and "Δ" represents that the
emergency operation is possible in some cases.
[0060] FIG. 10 is a diagram summarizing the operation
in a case where the failure progresses from the normal
state (No. 1) shown in FIG. 9. In a case where the voltage
of one or both of the detection signals of the angle
sensors is dropped, the error determination is abnormal
in any case, and the work equipment 10 is stopped.
Therefore, even in a case where the neutral determina-
tion is in a stateof being abnormal, the work equipment10
is stopped, and thus, the work equipment 10 is not moved
in a state where the hand is released from the operation
lever. Therefore, safety can be secured ("∘").

(Actions and Effects)

[0061] According to the present embodiment, it is pos-
sible to appropriately handle a case where the abnorm-
ality occurs in the detection of the tilt amount of the
operation lever of the work equipment.

<Modification Example or Other Embodiments of Pre-
sent Embodiment>

[0062] Although the embodiments of the present in-

vention have been described above in detail with refer-
ence to the drawings, the specific configuration is not
limited to the above embodiments, and design modifica-
tions and the like are included within the scope of the gist
of the present invention. Furthermore, some or all of the
programs executed by the computer in the above embo-
diments can be distributed via a computer-readable re-
cording medium or a communication line.
[0063] For example, the wheel loader 1 may be remo-
tely operable. In this case, a part or all of the controller 100
and the operation device 32 can be provided, for exam-
ple, at a place in which the remote operation is performed.
[0064] In addition, for example, the work machine (or
the work vehicle) is not limited to the wheel loader, and
may be a work machine including work equipment driven
according to an operation of an operation lever. For
example, another work machine such as a hydraulic
excavator can be used. In addition, the work tool is not
limited to the bucket. The work tool may be, for example, a
fork, a bale grab, or the like that is attached to the wheel
loader to be replaceable, as an attachment.

<Additional Notes>

[0065] The controller 100 (control device) described in
the above embodiment is understood as follows, for
example.
[0066]

(1) A controller 100 (control device) is a control
device of a work machine 1 including work equip-
ment 10, the control device includes: an acquisition
unit 101 configured to repeatedly acquire a first
detection signal output according to a tilt amount
of an operation lever by a first tilt amount sensor
(main stroke sensor) configured to detect the tilt
amount of the operation lever of the work equipment
tilted from a neutral position in a first direction or a
second direction opposite to the first direction, and a
second detection signal output according to the tilt
amount by a second tilt amount sensor (sub stroke
sensor) configured to detect the tilt amount; and a
control unit 102 configured to repeatedly determine
whether or not the first detection signal and the
second detection signal are a value corresponding
to the neutral position at a time of start of the work
machine, for a predetermined time, output an alarm
indicating that both of the first detection signal and
the second detection signal are not the value corre-
sponding to the neutral position from a predeter-
mined output unit 36 in a case where both of the first
detection signal and the second detection signal are
not the value corresponding to the neutral position,
and stop the output of the alarm and generate and
output a predetermined control signal for controlling
the work equipment based on the first detection
signal when both of the first detection signal and
the second detection signal are the value corre-
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sponding to the neutral position before the prede-
termined time elapses.
(2) The control device according to (1), in which in a
case where any one of the first detection signal or the
second detection signal is not the value correspond-
ing to the neutral position, the control unit 102 gen-
erates and outputs the control signal based on the
other of the first detection signal or the second de-
tection signal, and outputs predetermined informa-
tion corresponding to a case where the one is not the
value corresponding to the neutral position, from the
predetermined output unit.
(3) The control device according to (2), in which in a
case where any one of the first detection signal or the
second detection signal is not the value correspond-
ing to the neutral position, the control unit 102 gen-
erates and outputs the control signal based on the
other of the first detection signal or the second de-
tection signal after limiting a function of the work
equipment.

INDUSTRIAL APPLICABILITY

[0067] According to the control device, the control
method, and the work machine of the present disclosure,
it is possible to appropriately cope with a case where an
abnormality occurs in detection of a tilt amount of an
operation lever of work equipment.

REFERENCE SIGNS LIST

[0068]

1 Wheel loader (work machine)
2 Vehicle body
3 Cab
4 Traveling device
5 Wheel
6 Tire
10 Work equipment
11 Boom
12 Bucket (work tool)
12T Bucket teeth
13 Boom cylinder
14 Bucket cylinder
15 Bell crank
16 Link
17 Movable support section
32 Operation device
33 Boom operation lever
34 Bucket operation lever
341 Main stroke sensor
342 Sub stroke sensor
100 Controller (control device)
101 Acquisition unit
102 Control unit

Claims

1. A control device of a work machine including work
equipment, the control device comprising:

an acquisition unit configured to repeatedly ac-
quire a first detection signal output according to
a tilt amount of an operation lever by a first tilt
amount sensor configured to detect the tilt
amount of the operation lever of the work equip-
ment tilted from a neutral position in a first direc-
tion or a second direction opposite to the first
direction, and a second detection signal output
according to the tilt amount by a second tilt
amount sensor configured to detect the tilt
amount; and
a control unit configured to repeatedly deter-
mine whether or not the first detection signal
and the second detection signal are a value
corresponding to the neutral position at a time
of start of the work machine, for a predetermined
time,
output an alarm indicating that both of the first
detection signal and the second detection signal
are not the value corresponding to the neutral
position from a predetermined output unit in a
case where both of the first detection signal and
the second detection signal are not the value
corresponding to the neutral position, and
stop the output of the alarm and generate and
output a predetermined control signal for con-
trolling the work equipment based on the first
detection signal when both of the first detection
signal and the second detection signal are the
value corresponding to the neutral position be-
fore the predetermined time elapses.

2. The control device according to Claim 1, wherein, in
a case where any one of the first detection signal or
the second detection signal is not the value corre-
sponding to the neutral position, the control unit
generates and outputs the control signal based on
the other of the first detection signal or the second
detection signal, and outputs predetermined infor-
mation corresponding to a case where the one is not
the value corresponding to the neutral position, from
the predetermined output unit.

3. The control device according to Claim 2, wherein, in
a case where any one of the first detection signal or
the second detection signal is not the value corre-
sponding to the neutral position, the control unit
generates and outputs the control signal based on
the other of the first detection signal or the second
detection signal after limiting a function of the work
equipment.

4. A control method of a work machine including work
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equipment, the control method comprising:

a step of repeatedly acquiring a first detection
signal output according to a tilt amount of an
operation lever by a first tilt amount sensor con-
figured to detect the tilt amount of the operation
lever of the work equipment tilted from a neutral
position in a first direction or a second direction
opposite to the first direction, and a second
detection signal output according to the tilt
amount by a second tilt amount sensor config-
ured to detect the tilt amount; and
a step of repeatedly determining whether or not
the first detection signal and the second detec-
tion signal are a value corresponding to the
neutral position at a time of start of the work
machine, for a predetermined time,
outputting an alarm indicating that both of the
first detection signal and the second detection
signal are not the value corresponding to the
neutral position from a predetermined output
unit in a case where both of the first detection
signal and the second detection signal are not
the value corresponding to the neutral position,
and
stopping the output of the alarm and generating
and outputting a predetermined control signal
for controlling the work equipment based on the
first detection signal when both of the first detec-
tion signal and the second detection signal are
the value corresponding to the neutral position
before the predetermined time elapses.

5. A work machine comprising:

work equipment;
an acquisition unit configured to repeatedly ac-
quire a first detection signal output according to
a tilt amount of an operation lever by a first tilt
amount sensor configured to detect the tilt
amount of the operation lever of the work equip-
ment tilted from a neutral position in a first direc-
tion or a second direction opposite to the first
direction, and a second detection signal output
according to the tilt amount by a second tilt
amount sensor configured to detect the tilt
amount; and
a control unit configured to repeatedly deter-
mine whether or not the first detection signal
and the second detection signal are a value
corresponding to the neutral position at a time
of start of the work machine, for a predetermined
time,
output an alarm indicating that both of the first
detection signal and the second detection signal
are not the value corresponding to the neutral
position from a predetermined output unit in a
case where both of the first detection signal and

the second detection signal are not the value
corresponding to the neutral position, and
stop the output of the alarm and generate and
output a predetermined control signal for con-
trolling the work equipment based on the first
detection signal when both of the first detection
signal and the second detection signal are the
value corresponding to the neutral position be-
fore the predetermined time elapses.
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