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(54) WORK MACHINE AND METHOD FOR CONTROLLING WORK MACHINE

(57) The wheel loader (1) includes a traveling unit (2),
a work implement (3), a parking brake (25), and an HST
controller (26). The work implement (3) is mounted to the
traveling unit (2). When the HSTcontroller (25) detects a

fault that allows the wheel loader to remain operable, the
HST controller (26) restricts the operation of the work
implement (3) in a state where the parking brake (25) is
released.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a work machine
and a control method for a work machine.

BACKGROUND ART

[0002] When a work machine such as a wheel loader
has a fault, it is necessary to take measures to prevent the
vehicle from continuing to be operable. A common mea-
sure is to stop the vehicle completely.
[0003] However, if a self-propelled work machine such
as a wheel loader stops in place, issues can arise, such
as obstructing traffic or being unable to return to a repair
shop for maintenance.
[0004] For example, Patent Document 1 discloses a
work machine that can still travel to a location that does
not obstruct traffic or to a destination such as a repair
shop, even in the event of a fault.

Prior Art Document

Patent Document

[0005] [Patent Document 1] WO2015/111549

SUMMARY OF INVENTION

[0006] However, when the work machine is able to
travel to the destination, if the work implement can also
operate and travel, the ongoing work can continue de-
spite the fault.
[0007] The present disclosure aims to provide a work
machine and a control method for a work machine that
can prevent the continuation of work when a fault occurs
and that can prompt a user to deal with the fault.

(Means for solving the problem)

[0008] A work machine according to a first aspect of the
present disclosure includes a traveling unit, a work im-
plement, a parking brake, and a controller. The work
implement is mounted to the traveling unit. When the
controller detects a fault that allows the work machine to
remain operable, in a state where the parking brake is
released, the controller is configured to restrict operation
of the work implement.

(Effects of the Invention)

[0009] According to the present disclosure, a work
machine and a control method for a work machine are
provided that can prevent the continuation of the ongoing
work when a fault occurs and that can prompt a user to
deal with the fault.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a side view of a wheel loader according to an
embodiment of the present disclosure.
FIG. 2 is a block diagram illustrating a control system
in the wheel loader of FIG. 1.
FIG. 3 is a diagram illustrating a steering wheel and
the vicinity of the steering wheel in the cab of FIG. 1.
FIG. 4 is a table for explaining classification of faults
in a wheel loader according to an embodiment of the
present disclosure.
FIG. 5A is a diagram illustrating a control system for
operating an attachment in a wheel loader according
to an embodiment of the present disclosure.
FIG. 5B is a diagram illustrating signals s1 and s2
from an attachment operation electric lever in a
normal state.
FIG. 5C is a diagram illustrating signals s1 and s2
from the attachment operation electric lever in the
state with an intermediate fault.
FIG. 6 is a diagram illustrating a state transition of
controls in a functional restriction.
FIG. 7 is a flow diagram illustrating a control opera-
tion when an intermediate fault occurs in the wheel
loader of this embodiment.

DETAILED DESCRIPTION

[0011] A wheel loader as an example of a work ma-
chine according to the present disclosure will be de-
scribed below with reference to the drawings.

(Outline of Wheel Loader)

[0012] FIG. 1 is a schematic diagram illustrating the
configuration of a wheel loader 1 (an example of a work
machine) according to the present embodiment. The
wheel loader 1 according to the present embodiment
includes a traveling unit 2, a work implement 3, and a
control system 20 (see FIG. 2). The work implement 3 is
mounted to the traveling unit 2. The traveling unit 2
includes a vehicular body frame 10, a pair of front tires
4, a cab 5, an engine room 6, a pair of rear tires 7, and a
steering cylinder 9.
[0013] The wheel loader 1 performs work such as
loading earth and sand using the work implement 3.
[0014] The vehicular body frame 10 is of a so-called
articulated type, and has a front frame 11, a rear frame 12,
and a connecting shaft portion 13. The front frame 11 is
disposed in front of the rear frame 12. The connecting
shaft portion 13 is centered in the vehicle-width direction
to connect the front frame 11 and the rear frame 12 so that
both of them are swingable. The pair of front tires 4 is
attached to the left and right of the front frame 11, re-
spectively. The pair of rear tires 7 is attached to the left
and right of the rear frame 12, respectively. It should be
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noted that, in the following description, the "front," "rear,"
"right," "left," "up," and "down" refer to the directions
based on the state as seen from the driver’s seat. Also,
the "vehicle-width direction" and "left-right direction" are
synonymous.
[0015] The work implement 3 is driven by hydraulic oil
from a work implement pump 31 (see FIG. 3 which will be
described below). The work implement 3 includes a
boom 14, a bucket 15, a boom cylinder 16 (an example
of hydraulic actuator), a bucket cylinder 17 (an example
of hydraulic actuator), and a bell crank 18. The boom 14 is
attached to the front frame 11. The bucket 15 is attached
to the tip of the boom 14.
[0016] The boom cylinder 16 and the bucket cylinder
17 are hydraulic cylinders. One end of the boom cylinder
16 is attached to the front frame 11, and the other end of
the boom cylinder 16 is attached to the boom 14. The
boom cylinder 16 extends and contracts, causing the
boom 14 to swing up and down. One end of the bucket
cylinder 17 is attached to the front frame 11, and the other
end of the bucket cylinder 17 is attached to the bucket 15
via the bell crank 18. The bucket cylinder 17 expands and
contracts, causing the bucket 15 to swing up and down.
[0017] The cab 5 is mounted on the rear frame 12.
Inside the cab 5, for example, a steering wheel 19 (see
FIG. 3 which will be described below) for steering opera-
tions, a lever for operating the work implement 3, and
various display devices are arranged. The engine room 6
is mounted on the rear frame 12 behind the cab 5 and
houses an engine.

(Control System 20)

[0018] FIG. 2 is a diagram illustrating the control sys-
tem 20 in the wheel loader 1.
[0019] The control system 20 further includes a work
implement drive circuit 21, a work-implement lock switch
22 (an example of a restriction-operating section), a
work-implement lock valve 23 (an example of a restricting
valve), a parking brake switch 24, a parking brake 25, and
an HST controller 26 (an example of a controller).

(Work-Implement Drive Circuit 21)

[0020] The work implement drive circuit 21 includes a
work implement pump 31, a boom valve 32 (an example
of a work-implement valve), a bucket valve 33 (an ex-
ample of a work-implement valve), a boom lever 34, a
bucket lever 35, a self-depressurizing valve 36, a pair of
boom pilot valves 37a, 37b (an example of a pilot valve), a
pair of bucket pilot valves 38a, 38b (an example of a pilot
valve), and a first pipe 41 to an eleventh pipe 51.
[0021] The work implement pump 31 supplies hydrau-
lic oil to the boom cylinder 16 via the boom valve 32. The
work implement pump 31 supplies hydraulic oil to the
bucket cylinder 17 via the bucket valve 33.
[0022] The boom cylinder 16 has a cylinder chamber
including an extension chamber 16a and a contraction

chamber 16b which are separated by a piston. The boom
cylinder 16 extends when hydraulic oil is supplied to the
extension chamber 16a and the hydraulic oil is dis-
charged from the contraction chamber 16b. The boom
cylinder 16 contracts when hydraulic oil is supplied to the
contraction chamber 16b and the hydraulic oil is dis-
charged from the extension chamber 16a.
[0023] The boom valve 32 is a directional control valve.
The boom valve 32 and the work implement pump 31 are
connected by the first pipe 41. The boom valve 32 and the
extension chamber 16a are connected by the second
pipe 42. The boom valve 32 and the contraction chamber
16b are connected by the third pipe 43.
[0024] The boomvalve 32 has a sleeve and aspool that
is movable relative to the sleeve. The spool is movable to
four positions relative to the sleeve. When the spool
moves to a first position P1, the boom valve 32 connects
the first pipe 41 to the second pipe 42 and connects the
third pipe 43 to a drain pipe (not shown). With this con-
figuration, the hydraulic oil supplied from the work imple-
ment pump 31 is supplied to the extension chamber 16a,
and the hydraulic oil is discharged from the contraction
chamber 16b. When the spool moves to a second posi-
tion P2, the boom valve 32 connects the first pipe 41 to the
third pipe 43 and connects the second pipe 42 to the drain
pipe. With this configuration, the hydraulic oil supplied
from the work implement pump 31 is supplied to the
contraction chamber 16b, and the hydraulic oil is dis-
charged from the extension chamber 16a. When the
spool moves to a third position P3, the boom valve 32
does not connect the first pipe 41, the second pipe 42, the
third pipe 43, and the drain pipe to each other, and the
supply and discharge of the hydraulic oil is stopped.
When the spool moves to a fourth position P4, the boom
valve 32 connects the first pipe 41 and the second pipe 42
to the drain pipe, and the third pipe 43 is not connected to
any pipe.
[0025] The bucket cylinder 17 has a cylinder chamber
including an extension chamber 17a and a contraction
chamber 17b which are separated by a piston. When
hydraulic oil is supplied to the extension chamber 17a
and the hydraulic oil is discharged from the contraction
chamber 17b, the bucket cylinder 17 extends, and the
bucket 15 performs a tilt motion. When hydraulic oil is
supplied to the contraction chamber 17b and the hydrau-
lic oil is discharged from the extension chamber 17a, the
bucket cylinder 17 contracts and the bucket 15 performs
a dump motion.
[0026] The bucket valve 33 is a directional control
valve. The fourth pipe 44 branched from the first pipe
41 is connected to the bucket valve 33. The bucket valve
33 and the work implement pump 31 are connected by
the first pipe 41 and the fourth pipe 44. The bucket valve
33 and the extension chamber 17a are connected by the
fifth pipe 45. The bucket valve 33 and the contraction
chamber 17b are connected by the sixth pipe 46.
[0027] The bucket valve 33 has a sleeve and a spool
that is movable relative to the sleeve. The spool is mo-
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vable to three positions relative to the sleeve. When the
spool moves to a first position Q1, the bucket valve 33
connects the fourth pipe 44 to the fifth pipe 45 and
connects the sixth pipe 46 to a drain pipe (not shown).
With this configuration, the hydraulic oil supplied from the
work implement pump 31 is supplied to the extension
chamber 17a, and the hydraulic oil is discharged from the
contraction chamber 17b. When the spool moves to a
second position Q2, the bucket valve 33 connects the
fourth pipe 44 to the sixth pipe 46 and the fifth pipe 45 to
the drain pipe. With this configuration, the hydraulic oil
supplied from the work implement pump 31 is supplied to
the contraction chamber 17b, and the hydraulic oil is
discharged from the extension chamber 17a. When the
spool moves to a third position Q3, the bucket valve 33
does not connect the fourth pipe 44, the fifth pipe 45, the
sixth pipe 46, and the drain pipe to each other, and the
supply and discharge of the hydraulic oil is stopped.
[0028] The boom lever 34 is arranged in the cab 5. The
boom lever 34 controls the opening of the boom valve 32.
The spool moves relative to the sleeve in response to the
operation of the boom lever 34, so that the hydraulic oil
supplied to the boom cylinder 16 is adjusted.
[0029] The bucket lever35 is arranged in the cab 5.The
bucket lever 35 controls the opening of the bucket valve
33. The spool moves relative to the sleeve in response to
the operation of the bucket lever 35, so that the hydraulic
oil supplied to the bucket cylinder 17 is adjusted.
[0030] The self-depressurizing valve 36 reduces the
pressure of the hydraulic oil discharged from the work
implement pump 31. The hydraulic oil reduced in pres-
sure is used as pilot hydraulic oil. The self-depressurizing
valve 36 is arranged in a seventh pipe 47 that connects
the first pipe 41 with the pair of boom pilot valves 37a, 37b
and the bucket pilot valves 38a, 38b.
[0031] The pair of boom pilot valves 37a, 37b is con-
nected to the boom lever 34, and their openings are
adjusted by the manipulation of the boom lever 34.
The hydraulic oil reduced in pressure by the self-depres-
surizing valve 36 is supplied to the pair of boom pilot
valves 37a, 37b. One of the pair of boom pilot valves 37a,
37b, that is the boom pilot valve 37a, is connected to the
first pilot chamber 32a of the boom valve 32 via the eighth
pipe 48. The other boom pilot valve 37b is connected to
the second pilot chamber 32b of the boom valve 32 via the
ninth pipe 49.
[0032] The amount of hydraulic oil supplied from the
boom pilot valves 37a, 37b is adjusted by manipulation of
the boom lever 34, so that the amount of hydraulic oil
supplied to the first pilot chamber 32a and the second
pilot chamber 32b is adjusted. Depending on the amount
of hydraulic oil supplied to the first pilot chamber 32a and
the second pilot chamber 32b, the spool in the boom
valve 32 moves relative to the sleeve, and the amount of
hydraulic oil supplied to the boom cylinder 16 is adjusted.
For example, when the boom lever 34 is tilted to the left in
Figure, the amount of hydraulic oil supplied from the
boom pilot valve 37b increases, and thereby, the spool

of the boom valve 32 moves to the first position P1. This
movement causes the boom cylinder 16 to extend, which
moves the boom 14 upward.
[0033] The pair of bucket pilot valves 38a, 38b is con-
nected to the bucket lever 35, and their opening degrees
are adjusted by manipulation the bucket lever 35. The
hydraulic oil decreased in pressure by the self-depres-
surizing valve 36 is supplied to the pair of bucket pilot
valves 38a, 38b. One of the pair of bucket pilot valves
38a, 38b, that is the bucket pilot valve 38a, is connected
to the first pilot chamber 33a of the bucket valve 33 via the
tenth pipe 50. The other bucket pilot valve 38b is con-
nected to the second pilot chamber 33b of the bucket
valve 33 via the eleventh pipe 51.
[0034] The amount of hydraulic oil supplied from the
bucket pilot valve 38a and the bucket pilot valve 38b is
adjusted by manipulation of the bucket lever 35, and
thereby, the amount of hydraulic oil supplied to the first
pilot chamber 33a and the second pilot chamber 33b is
adjusted. Depending on the amount of hydraulic oil sup-
plied to the first pilot chamber 33a and the second pilot
chamber 33b, the spool in the bucket valve 33 moves
relative to the sleeve, and the amount of hydraulic oil
supplied to the bucket cylinder 17 is adjusted. For ex-
ample, when the bucket lever 35 is tilted to the right in
Figure, the amount of hydraulic oil supplied from the
bucket pilot valve 38b increases, so that the spool of
the bucket valve 33 moves to the second position Q2.
This causes the bucket cylinder 17 to contract, and the
bucket 15 performs a dump operation.

(Work-Implement Lock Switch 22)

[0035] The work-implement lock switch 22 is a switch
for restricting (hereinafter, also referred to as locking) or
releasing the restriction (hereinafter, also referred to as
releasing the lock) of the operation of the work implement
3. The work-implement lock switch 22 is operated by an
operator. The work-implement lock switch 22 is located in
the cab 5. FIG. 3 is a diagram illustrating the steering
wheel 19 and the vicinity of the steering wheel 19 in the
cab 5. As illustrated in FIG. 3, in the present embodiment,
the work-implement lock switch 22 is located on the right
side of the driver’s seat. The work-implement lock switch
22 is operated to an on-state or an off-state by the
operator. In response to an operation of the work-imple-
ment lock switch 22, a signal corresponding to the opera-
tion is input to the HST controller 26.

(Work-Implement Lock Valve 23)

[0036] The work-implement lock valve 23 is positioned
in the seventh pipe 47. The work-implement lock valve 23
is arranged downstream of the self-depressurizing valve
36. The work-implement lock valve 23 is an electromag-
netic valve and is driven by a signal from the HST con-
troller 26. The work-implement lockvalve 23 is switchable
between a locked state in which the supply of hydraulic oil
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to the pilot valves 37a, 37b, 38a, and 38b through the
seventh pipe 47 is stopped and an unlocked state in
which the supply of hydraulic oil is enabled. When the
work-implement lock switch 22 is operated to turn on the
on-state and a signal indicating the on-state is input to the
HSTcontroller 26, the HSTcontroller 26 stops outputting
a signal to the work-implement lock valve 23, which
switches the work-implement lock valve 23 into the
locked state. In contrast, when the work-implement lock
switch 22 is operated to turn on the off-state and a signal
indicating the off-state is input to the HST controller 26,
the HSTcontroller 26 outputs a signal to the work-imple-
ment lock valve 23, which switches the work-implement
lock valve 23 into the unlocked state.
[0037] While the work-implement lock valve 23 is in the
locked state, pilot hydraulic oil is not supplied to the pair of
boom pilot valves 37a, 37b and the pair of bucket pilot
valves 38a, 38b. Consequently, the boom valve 32 and
the bucket valve 33 become inoperable. As a result. the
work implement 3 cannot be driven regardless operation
of the boom lever 34 and the bucket lever 35. In this way,
while the work-implement lock valve 23 is in the locked
state, the work implement 3 is locked. In contrast, when
the work-implement lock valve 23 is in the unlocked state,
pilot hydraulic oil can be supplied to the pair of boom pilot
valves 37a, 37b and the pair of bucket pilot valves 38a,
38b. Therefore, the boom valve 32 and the bucket valve
33 become operable, and the work implement 3 can be
driven by operation of the boom lever 34 and the bucket
lever 35. In this way, while the work-implement lock valve
23 is in the unlocked state, the limitation (lock) of opera-
tion of the work implement 3 is also released.

(Parking Brake Switch 24)

[0038] The parking brake switch 24 is a switch for
locking and releasing the lock of the parking brake.
The parking brake switch 24 is operated by an operator.
As illustrated in FIG. 3, the parking brake switch 24 is
positioned to the side of the steering wheel 19 inside the
cab 5. The parking brake switch 24 is operated to an on-
state or an off-state by the operator.

(Parking Brake 25)

[0039] The parking brake 25 is used to stop the travel-
ing unit 2 and brakes the traveling unit 2. The parking
brake 25 is mounted, for example, to a transfer (not
shown). The transfer divides the output from the engine
between the front axle to which the front tires 4 are
connected and the rear axle to which the rear tires 7
are connected. For example, a wet multi-stage brake that
is switchable between a braking state and a non-braking
state, or a disk brake may be used as the parking brake
25.
[0040] While the parking brake switch 24 is in the on-
state, no electricity flows to the parking brake solenoid
25a of the parking brake 25, and the parking brake 25 is in

an applied state. In contrast, while the parking brake
switch 24 is in the off-state, electricity flows to the parking
brake solenoid 25a, and the parking brake 25 is in a
released state. Additionally, a signal from the parking
brake 25 is also input to the HSTcontroller 26. The signal
causes the HST controller 26 to determine whether the
parking brake 25 is in the applied state or the released
state.

(HST Controller 26)

[0041] The HSTcontroller 26 includes a processor and
a storage device. The processor is, for example, a central
processing unit (CPU). Alternatively, the processor may
be a different processor from the CPU. The processor
enforces processing for controlling the wheel loader 1
according to a program. The storage device includes
non-volatile memory such as read only memory (ROM)
and volatile memory such as random access memory
(RAM). The storage device may include an auxiliary
storage device such as a hard disk or a solid state drive
(SSD). The storage device is an example of a non-tran-
sitory processor-readable recording intermediate. The
storage device stores programs and data for controlling
the wheel loader 1.
[0042] The HSTcontroller 26 detects a fault. When the
HSTcontroller 26 detects that the fault is an intermediate
one (which will be described below), it enforces a func-
tional restriction F. The functional restriction F is designed
so that the operation of the work implement 3 and the
traveling do not occur simultaneously. While the HST
controller 26 does not detect an intermediate fault, it
operates the work-implement lock valve 23 in response
to a signal input from the work-implement lock switch 22
as described above, thereby limiting or releasing the
limitation on the operation of the work implement 3.

(Types of Faults)

[0043] First, the types of faults are described. FIG. 4 is
a table T1 explaining classification of the faults. Faults
can be divided into minor, intermediate, and major faults.
A minor fault is, for example, a seat heater fault, and is a
fault in which the safety function has not failed and does
not affect the continuation of the ongoing work. In the
case of a minor fault, there is no problem in carrying out
the ongoing work, requiring no need to enforce the func-
tional restriction F. A major fault is, for example, a fault in
the forward/reverse switch (FNR) lever or a fault in the
work implement pump, and is a fault in which the safety
function has failed and the machine cannot continue to
operate. In the event of a major fault, the ongoing work
cannot continue, eliminating the need to execute the
functional restriction F. An intermediate fault is a state
in which the safety function has failed, but the work
machine remains operable. An intermediate fault can
be described as a state in which the work machine con-
tinues to be operable, although there is a risk that safety
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could be compromised when subsequent fault arises.
[0044] In the present embodiment, when an intermedi-
ate fault is detected, the HST controller 26 enforces the
functional restriction F. On the other hand, minor and
major faults are not subject to the functional restriction F,
and no functional restriction F is enforced on them.
[0045] An example of an intermediate fault will be
described with reference to FIGS. 5A to 5C. A fault
occurring in a fault diagnosis signal for an electric lever
for attachment operation will be described as an example
of an intermediate fault. In the wheel loader 1 of the
present embodiment, an attachment can be mounted
via an additional link instead of the bucket 15 as an
optional configuration. FIG. 5A is a diagram illustrating
a control system for operating such an attachment. As
illustrated in FIG. 5A, an attachment cylinder 61 is ad-
ditionally mounted to the control system 20 of FIG. 2 in
order to drive the attachment. In addition, an attachment
valve 62 is provided to adjust the flow rate of hydraulic oil
supplied to the attachment cylinder 61. Two EPC valves
63a and 63b are provided to supply pilot hydraulic oil to a
first pilot chamber 62a and a second pilot chamber 62b of
the attachment valve 62. A signal from an electric lever 64
for operating the attachment is input to the HSTcontroller
26, and then the HST controller 26 controls the EPC
valves 63a, 63b according to the degree of manipulation
of the lever. As a result, the attachment valve 62 adjusts
the flow rate of hydraulic oil supplied from the work
implement pump 31 to the attachment cylinder 61, caus-
ing the attachment cylinder 61 to expand and contract,
and the attachment operates accordingly.
[0046] In such a system for electrically operating an
attachment, the electric lever 64 for operating the attach-
ment outputs an attachment operation signal (herein-
after, referred to as a signal s1) and a fault diagnosis
signal (hereinafter, signal s2) to the HST controller 26.
FIG. 5B illustrates the signals s1 and s2 in the normal
state. The signals s1 and s2 each indicate the value of the
output voltage for the degree of manipulation of the
electric lever 64 for operating an attachment. The output
voltages of the signalss1 and s2 are set to be larger as the
degree of manipulation of the lever increases. The sig-
nals s1 and s2 output the same value. The HSTcontroller
26 determines the degree of manipulation of the lever
from the signal s1 and outputs an output for operating the
attachment to the EPC valves 63a and 63b. The HST
controller 26 compares the signals s1 and s2, and when
the values of the signals s1 and s2 are the same, it
determines that no fault has occurred.
[0047] As illustrated in FIG. 5C, on the other hand, if the
fault diagnosis signal s2 is not input to the HSTcontroller
26 due to a disconnection in the wire, the lever manipula-
tion degree can be determined from the input signal s1.
However, no determination on a fault can be made be-
cause the signal s2 is not input.
[0048] That is, in the state with no input of the signal s2
as illustrated in FIG. 5C, the attachment remains oper-
able and the operation can continue. However, when the

signal s1 has malfunctioned in this state, the attachment
may perform an unexpected operation. In other words, an
intermediate fault can be defined as a state in which the
safety function has failed, but the work machine is still
able to operate. An intermediate fault includes cases
where one of the redundant configurations for the safety
function fails.
[0049] Furthermore, an intermediate fault may include,
for example, a power fault on the output side of the HST
controller 26.

(Functional Restriction F)

[0050] Next, the functional restriction F enforced by the
HST controller 26 (an example of a controller) upon
detection of an intermediate fault will be described. When
the functional restriction F is executed, it ensures a set-
ting where the operation of the work implement 3 and the
traveling cannot occur simultaneously.
[0051] FIG. 6 is a diagram illustrating a state transition
of the controls in the functional restriction F. As illustrated
in FIG. 6, the functional restriction F includes a first
functional restriction F1 that allows the traveling while
restricting the operation of the work implement 3, and a
second functional restriction F2 that allows the operation
of the work implement 3 while restricting the traveling.
[0052] The HST controller 26 executes the first func-
tional restriction F1 by disenabling the releasing the lock
of the work implement 3 in the case where the parking
brake 25 is not applied.. In the first functional restriction
F1, the HSTcontroller 26 does not drive the work-imple-
ment lock valve 23 and does not release the lock of the
work implement 3, even when the work-implement lock
switch 22 is operated and a signal to release the lock is
input to the HST controller 26 from the work-implement
lock switch 22. The HST controller 26 executes the sec-
ond functional restriction F2 by allowing the work imple-
ment 3 to be unlocked in the case where the parking
brake 25 is applied. In the second functional restriction
F2, the HSTcontroller 26 drives the work-implement lock
valve 23 to release the lock of the work implement 3 when
the work-implement lock switch 22 is operated and a
signal for an unlock is input to the HSTcontroller 26 from
the work-implement lock switch 22.
[0053] As illustrated in FIG. 6, in a state where the first
functional restriction has been executed, the HST con-
troller 26 transitions to the second functional restriction
F2 upon detection of the state where the parking brake 25
is applied.
[0054] In a state where the second functional restric-
tion F2 has been executed, upon detection of the state
where the parking brake 25 is released, the HST con-
troller 26 drives the work-implement lock valve 23 to put
the work implement 3 into the locked state and transitions
from the second functional restriction F2 to the first
functional restriction F1.
[0055] The first functional restriction F1 and second
functional restriction F2 prevent the operator from oper-
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ating the work implement 3 and traveling simultaneously.
As a result, the ongoing work cannot continue, and it is
possible to disable the continuous operation of the wheel
loader 1 while still allowing the minimum function of
traveling to a destination. The minimum function includes
lifting the work implement 3 from the ground, positioning it
for traveling, and traveling the wheel loader 1.
[0056] When the HST controller 26 detects an inter-
mediate fault while moving the work implement 3 with the
lock of the work implement 3 being released and the
parking brake 25 being released, the work implement 3
will be suddenly locked regardless of the operator’s in-
tention because the parking brake 25 has been released.
In such a case, the balance may be lost due to the inertia
of the work implement 3. To address this issue, when the
HST controller 26 detects an intermediate fault, the op-
erator first operates the work-implement lock switch 22 to
lock the work implement 3, and then starts execution of
the first functional restriction F1 (see steps S13 and S14
described below).

(Operation)

[0057] Next, the control operation of the wheel loader 1
of the present embodiment will be described.
[0058] FIG. 7 is a flow diagram illustrating a control
operation when a fault occurs in the wheel loader 1 of the
present embodiment.
[0059] When a fault occurs, in step S11 (one example
of a fault detection step), the HST controller 26 deter-
mines whether the fault is an intermediate fault or not.
When the fault is determined to be a minor fault or a major
fault rather than an intermediate one, the control ends.
[0060] When the fault is determined to be an intermedi-
ate fault in step S11, the HSTcontroller 26 determines in
step S12 whether the parking brake 25 has been applied.
Specifically, the HST controller 26 determines whether
the parking brake 25 has been applied based on a signal
input from the parking brake switch 24.
[0061] When it is determined in step S12 that the
parking brake 25 has not been applied, in step S13,
the HST controller 26 determines whether the work im-
plement 3 has been locked. Specifically, the HST con-
troller 26 determines whether the work implement 3 has
been locked by driving the work-implement lock valve 23
based on a signal input from the work-implement lock
switch 22.
[0062] When it is determined in step S13 that the work
implement 3 has not been locked, the HST controller 26
will wait until the work implement 3 is locked. Once the
work implement 3 is locked in step S13, the control
operation proceeds to step S14 (an example of a restric-
tion step), where the HST controller 26 transitions to the
first functional restriction F1 under which the lock of the
work implement 3 is not released. Under the first func-
tional restriction F1, the lock of the work implement 3
cannot be released even when the work-implement lock
switch 22 is operated, and thereby, the work implement 3

is not operable. However, the wheel loader 1 is able to
travel because the parking brake 25 has not been applied
as illustrated in step S12.
[0063] When it is determined in step S12 that the
parking brake 25 has been applied, the HST controller
26 transitions to the second functional restriction F2 that
allows the lock of work implement 3 to be released in step
S15. Under the second functional restriction F2, the lock
of work implement 3 is allowed to be released, and there-
by, the work implement 3 is operable. However, the wheel
loader 1 is restricted from traveling because the parking
brake 25 is applied as illustrated in step S12.
[0064] During the first functional restriction F1, in step
S16, the HSTcontroller 26 determines whether the park-
ing brake 25 has beenapplied. In stepS16, when the HST
controller 26 determines that the parking brake 25 has not
been applied, the first functional restriction F1 is main-
tained.
[0065] In step S16, when the HST controller 26 deter-
mines that the parking brake 25 has been applied, the
control operation proceeds to step S15, where the HST
controller 26 transitions from the first functional restriction
F1 to the second functional restriction F2.
[0066] During the second functional restriction, in step
S17, the HSTcontroller 26 determines whether the park-
ing brake 25 has been applied. When it is determined in
step S17 that the parking brake 25 has not been applied,
the HST controller 26 automatically locks the work im-
plement 3 in step S18. Specifically, the HSTcontroller 26
automatically outputs a signal to the work-implement lock
valve 23 to lock the work implement 3. Subsequently, the
HST controller 26 transitions from the second functional
restriction F2 to the first functional restriction F1. In con-
trast, when it is determined in step S17 that the parking
brake 25 has been applied, the HST controller 26 main-
tains the second functional restriction F2.
[0067] In this way, when the application of the parking
brake 25 is released, the HST controller 26 transitions
from the second functional restriction F2 to the first
functional restriction F1.

(Features and Others)

[0068] In the present embodiment, when the HSTcon-
troller 26 detects an intermediate fault that allows the
wheel loader 1 to continue to be operable, it restricts the
operation of the work implement 3 when the application of
the parking brake 25 is in a released state. As a result, any
operation of the work implement 3 is disabled while
traveling. This configuration can prevent the work imple-
ment 3 from continuing the ongoing work at the fault, and
encourage the user to deal with the fault.
[0069] In the present embodiment, when the HSTcon-
troller 26 detects an intermediate fault, it allows the
release of the operation restriction on the work implement
3 if the parking brake 25 is in the applied state. As a result,
the lock of the work implement 3 can be released, which
allows the work implement 3 to operate while the wheel
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loader 1 is stoppeds. In this way, the traveling and the
operation of the work implement 3 cannot be performed
simultaneously, which prevents the ongoing work from
continuing.
[0070] In the present embodiment, when the HSTcon-
troller 26 detects an intermediate fault, the HSTcontroller
26 transitions to the first functional restriction F1 that
restricts operation of the work implement 3 in a state
where the parking brake 25 is released, upon receipt of a
signal to lock the work implement 3 from the work-imple-
ment lock switch 22.
[0071] In this way, the first functional restriction F1 is
executed after the operator operates the work-implement
lock switch 22 to lock the operation of the work implement
3. This configuration prevents the work implement 3 from
being suddenly locked unintentionally by the operator
when the HSTcontroller 26 detects an intermediate fault
while the work implement 3 is being operated with the
lock of the work implement 3 being released and the
parking brake 25 being released.
[0072] In the present embodiment, when the HSTcon-
troller 26 detects an intermediate fault, in the state where
the parking brake 25 is released, the HST controller 26
does not release the operation lock of the work implement
3 even when it receives a signal to release the lock of the
work implement 3 from the work-implement lock switch
22.
[0073] Consequently, when the parking brake 25 is in
the released state, it is possible to control the work
implement 3 not to operate.
[0074] In the present embodiment, when the HSTcon-
troller 26 detects an intermediate fault, in the state of the
second functional restriction F2 that allows the release of
the operation restriction on the work implement 3 in the
state where the parking brake 25 is an applied, the HST
controller 26 releases the operation restriction on the
work implement 3 by receiving a signal to release the
lock of the work implement 3 from the work-implement
lock switch 22.
[0075] In this way, in the state of the second functional
restriction F2, an operation of the work-implement lock
switch 22 leads to the release of the lock of the work
implement 3, which allows the work implement 3 to
operate.
[0076] In the present embodiment, when the HSTcon-
troller 26 detects an intermediate fault, in the state where
the parking brake 25 is the released, the HST controller
26 controls the work-implement lock valve 23 to stop the
supply of hydraulic oil to the boom cylinder 16 and the
bucket cylinder 17 so as to restrict the operation of the
work implement 3.
[0077] In this way, the work-implement lock valve 23 is
provided, so that the supply of hydraulic oil to the boom
cylinder 16 and the bucket cylinder 17 for driving the work
implement 3 is stopped. This configuration enables the
restriction of operation of the work implement 3.
[0078] In the present embodiment, when the HSTcon-
troller 26 detects an intermediate fault, in the state where

the parking brake 25 is applied, the HST controller 26
releases the stop of the supply of hydraulic oil to the boom
cylinder 16 and bucket cylinder 17 through the work-
implement lock valve 23 by receiving a signal from the
work-implement lock switch 22 to unlock the work imple-
ment 3.
[0079] In this way, when an intermediate fault is de-
tected and the parking brake 25 is in the applied state,
controlling the work-implement lock valve 23 allows the
supply of hydraulic oil to the boom cylinder 16 and the
bucket cylinder 17, thereby driving the work implement 3.
[0080] In the present embodiment, the HST controller
26 stops the supply of hydraulic oil to the boom cylinder
16 and the bucket cylinder 17 by stopping the supply of
pilot hydraulic oil to the boom pilot valves 37a, 37b and
the bucket pilot valves 38a, 38b, thereby halting.
[0081] In this way, the stoppage of the supply of pilot
hydraulic oil for driving the boom valve 32 and the bucket
valve 33 results in the restriction on the operation of the
work implement 3.

<Other embodiments>

[0082] One embodiment of the present disclosure has
been described above. The present invention is not
limited to the embodiment described above, and various
modifications are possible within the scope of the present
invention.

(A) In the above embodiment, the functional restric-
tion F is executed in the case of an intermediate fault.
However, the functional restriction F may also be
executed in the case of a minor fault.
(B) In the control operation of the wheel loader 1 in
the above embodiment, it is determined in step S12
whether the parking brake 25 is in an applied state.
However, step S12 can be omitted from the control
operation. In this case, when it is determined in step
S11 that the fault is an intermediate one, the HST
controller 26 transitions to the first functional restric-
tion F1 after waiting for the work implement 3 to be
locked in step S13, regardless of the status of the
parking brake 25. When the parking brake 25 has
been applied at the transition to the first functional
restriction F1, the HSTcontroller 26 transitions to the
second functional restriction F2 in step S15 after the
determination in step S16.
(C) In the above embodiment, the operation of the
work implement 3 is restricted by stopping the supply
of hydraulic oil for the pilot that controls the boom
valve 32 and the bucket valve 33. However, the
present invention is not limited to the above. For
example, the operation of the work implement 3
may be restricted by stopping the supply of hydraulic
oil to the boom cylinder 16 and the bucket cylinder 17
with a valve(s).
(D) In the above embodiment, after determining
whether the work-implement lock switch 22 is oper-
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ated to lock in step S17, it is determined whether the
parking brake 25 is in the applied state in step S18.
However, the present invention is not limited to the
above, and step S17 may be performed after step
S18. Alternatively, step S17 may not be omitted from
the control operation.
(E) In the above embodiment, a wheel loader was
used as an example of a work machine.However, the
work machine is not limited to a wheel loader, and
may be a motor grader, forklift, or similar machines.

[Industrial Applicability]

[0083] The work machine and the control method for a
work machine of the present invention have the effects to
prevent the ongoing work from continuing when a fault
occurs and encourage the user to deal with the fault,
making them useful as wheel loaders, for example.

REFERENCE SIGNS LIST

[0084]

1 Wheel loader
2 Traveling unit
3 Work implement
25 Parking brake
26 HST controller

Claims

1. A work machine comprising:

a traveling unit;
a work implement mounted to the traveling unit;
a parking brake; and
a controller configured to restrict operation of the
work implement in a state where the parking
brake is released, when the controller detects
a fault that allows the work machine to remain
operable.

2. The work machine according to claim 1, wherein
when the controller detects the fault, in a state where
the parking brake is applied, the controller allows a
release of restriction on operation of the work imple-
ment.

3. The work machine according to claim 1, further
comprising:

a restriction-operating section configured to be
operated by an operator, the restriction-operat-
ing section being configured to output a signal
for restricting or releasing restriction on opera-
tion of the work implement to the controller,
wherein
when the controller detects the fault, in the state

where the parking brake is released, the con-
troller transitions to a state to restrict the opera-
tion of the work implement upon receipt of a
signal to restrict the operation of the work im-
plement from the restriction-operating section.

4. The work machine according to claim 1, further
comprising:

a restriction-operating section configured to be
operated by an operator, the restriction-operat-
ing section being configured to output a signal
for restricting or releasing restriction on opera-
tion of the work implement to the controller,
wherein
when the controller detects the fault, in the state
where the parking brake is released, the con-
troller does not release the restriction on the
operation of the work implement even after re-
ceiving a signal to release the restriction on the
operation of the work implement from the re-
striction-operating section.

5. The work machine according to claim 2, further
comprising:

a restriction-operating section configured to be
operated by an operator, the restriction-operat-
ing section being configured to output a signal
for restricting or releasing the restriction on the
operation of the work implement to the control-
ler, wherein
when the controller detects the fault, in a state
where the parking brake is applied and that
allows the release of the restriction on the op-
eration of the work implement, the controller
releases the restriction on the operation of the
work implement, upon receipt of a signal to
release the restriction on the operation of the
work implement from the restriction-operating
section.

6. The work machine according to claim 1, further
comprising:

a hydraulic actuator configured to drive the work
implement; and
a restricting valve configured to stop a supply of
hydraulic oil to the hydraulic actuator, wherein
when the controller detects the fault, in the state
where the parking brake is released, the con-
troller controls the restricting valve to stop the
supply of hydraulic oil to the hydraulic actuator
so as to restrict the operation of the work imple-
ment.

7. The work machine according to claim 2, further
comprising:
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a hydraulic actuator configured to drive the work
implement; and
a restricting valve configured to stop a supply of
hydraulic oil to the hydraulic actuator; and
a restriction-operating section configured to be
operated by an operator, the restriction-operat-
ing section being configured to restrict or release
the restriction on the operation of the work im-
plement, wherein
when the controller detects the fault,

in the state where the parking brake is re-
leased, the controller controls the restricting
valve to stop the supply of hydraulic oil to the
hydraulic actuator, so as to restrict the op-
eration of the work implement, and
in the state where the parking brake is ap-
plied, the controller releases a stop on the
supply of hydraulic oil to the hydraulic ac-
tuator by the restricting valve, upon receipt
of a signal for releasing the restriction on the
operation of the work implement from the
restriction-operating section.

8. The work machine according to claim 6 or 7, further
comprising:

a work-implement valve configured to adjust the
supply of hydraulic oil to the hydraulic actuator
based on a pilot hydraulic pressure; and
a pilot valve configured to adjust a supply of
hydraulic oil for the pilot hydraulic pressure to
the work-implement valve, wherein
the restricting valve stops the supply of hydraulic
oil to the hydraulic actuator by stopping the
supply of hydraulic oil for the pilot hydraulic
pressure to the work-implement valve.

9. A control method for a work machine including a
traveling unit and a work implement mounted to
the traveling unit, the control method comprising:

a fault detection step of detecting a fault that
allows the work machine to remain operable;
and
a restriction step of restricting operation of the
work implement in a state where a parking brake
is released, when the fault is detected.
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