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Description
Technical Field

[0001] The presentinvention relatestoawork machine
system for automatic operation of a work machine.

Background Art

[0002] Patent Literature 1 discloses a work machine
that calculates a load of a work object held by a tip at-
tachment based on thrust information about an actuator
and estimates whether a load has slipped during trans-
portation of the work object.

[0003] In a case where a load slips during transporta-
tion of the work object, the amount of the work object
held by the tip attachment is smaller than a target value
at a time point when the tip attachment releases the work
object. However, a similar situation may occur in a case
where the amount of the work object held by the tip at-
tachment is smaller than the target value when the tip
attachment holds the work object, or in a case where a
sufficient amount of the work object cannot be held by
the tip attachment because the amount of the work object
to be held by the tip attachment is not sufficient.

Citation List
Patent Literature

[0004] Patent Literature 1: JP 2019-157362 A

Summary of Invention

[0005] An object of the present invention is to provide
a work machine system capable of specifying a factor
that makes an amount of a work object held by a tip at-
tachment smaller than a target value.

[0006] A work machine system ofthe presentinvention
includes a lower travelling body, an upper slewing body
slewably attached to an upper portion of the lower trav-
elling body, an attachment that has a tip attachment ca-
pable of holding a work object and is rotatably attached
to the upper slewing body, and a controller. The controller
controls the upper slewing body and the attachment so
that the upper slewing body and the attachment perform
aseries of operations having a plurality of operation phas-
es, detects an amount of the work object held by the tip
attachment, sets a target amount that is a target of the
amount of the work object, and specifies, as an abnormal
phase, an operation phase in which an amount of the
work object held by the tip attachment is smaller than the
target amount.

[0007] According to the present invention, the upper
slewing body and the attachment are controlled so that
the upper slewing body and the attachment perform a
series of operations having a plurality of operation phas-
es. Then, an operation phase in which the amount of the
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work object held by the tip attachment is smaller than the
target amount is specified as an abnormal phase. There-
fore, the operation phase in which the amount of the work
object held by the tip attachment is smaller than the target
value can be specified from the plurality of operation
phases. This makes it possible to specify a factor that
makes the amount of the work object held by the tip at-
tachment smaller than the target value. For example, in
a series of operations including excavation, scooping,
lifting and slewing, and discharging of earth and sand, in
a case where a load slips during the slewing and the
amount of earth and sand becomes smaller than the tar-
get amount, the slewing is specified as the abnormal
phase. Further, in a case where the excavation amount
of the earth and sand is smaller than a target amount,
the excavation is specified as the abnormal phase.

Brief Description of Drawings
[0008]

FIG. 1 is a side view of a work machine.

FIG. 2 is a circuit diagram of the work machine and
a cockpit.

FIG. 3 is a diagram illustrating a temporal change in
an amount of earth and sand held by a bucket, and
is a diagram in a case where excavation is an ab-
normal phase.

FIG. 4 is a diagram illustrating a temporal change in
the amount of earth and sand held by the bucket,
and is a diagram in a case where slewing is an ab-
normal phase.

FIG. 5 is a diagram illustrating a temporal change in
the amount of earth and sand held by the bucket,
and is a diagram in a case where the amount of earth
and sand to be held by the bucket is not sufficient.

Description of Embodiment

[0009] A preferred embodiment of the present inven-
tion will be described below with reference to the draw-
ings.

(Configuration of Work Machine System)

[0010] A work machine system according to an em-
bodiment of the present invention is a system for auto-
matic operation of a work machine. The work machine
system includes a work machine 20 and a cockpit 71.
[0011] As illustrated in FIG. 1, which is a side view of
the work machine 20, the work machine 20 is a machine
that performs work with an attachment 30, and is, for
example, a hydraulic excavator. The work machine 20
has a machine main body 24 including a lower travelling
body 21 and an upper slewing body 22, the attachment
30, and cylinders 40.

[0012] The lower travelling body 21 is a portion that
causes the work machine 20 to travel, and includes, for
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example, a crawler. The upper slewing body 22 is slew-
ably attached to an upper part of the lower travelling body
21 via a slewing device 25. A cab (driver’s cabin) 23 is
provided at a front part of the upper slewing body 22.
[0013] The attachment 30 is attached to the upper
slewing body 22 to be rotatable about a slewing axis ex-
tending in an up-and-down direction. The attachment 30
includes a boom 31, an arm 32, and a bucket 33. The
boom 31 is attached to the upper slewing body 22 to be
rotatable in the up-and-down direction (capable of rising
and contracting). The arm 32 is attached to the boom 31
to be rotatable in the up-and-down direction. The bucket
33 is a tip attachment which is a tip portion of the attach-
ment 30, and can hold earth and sand (work object). The
bucket 33 is attached to the arm 32 to be rotatable in a
front-and-rear direction. The bucket 33 is a portion that
performs work including excavation, leveling, and scoop-
ing of earth and sand. Note that the work object that is
held by the bucket 33 is not limited to earth and sand,
and may be a stone or a waste (industrial waste or the
like). Further, the tip attachment is not limited to the buck-
et 33, and may be a grapple, a lifting magnet, or the like.
[0014] The cylinders 40 can hydraulically turn the at-
tachment 30. The cylinders 40 are hydraulic telescopic
cylinders. The cylinders 40 include a boom cylinder 41,
an arm cylinder 42, and a bucket cylinder 43.

[0015] The boom cylinder 41 rotationally moves the
boom 31 with respect to the upper slewing body 22. The
boom cylinder 41 has a base end portion rotatably at-
tached to the upper slewing body 22. The boom cylinder
41 has a tip portion rotatably attached to the boom 31.
[0016] The arm cylinder 42 rotationally moves the arm
32 with respect to the boom 31. The arm cylinder 42 has
a base end portion rotatably attached to the boom 31.
The arm cylinder 42 has a tip portion rotatably attached
to the arm 32.

[0017] The bucket cylinder 43 rotationally moves the
bucket 33 with respect to the arm 32. The bucket cylinder
43 has a base end portion rotatably attached to the arm
32. The bucket cylinder 43 has a tip portion rotatably
attached to a link member 34 rotatably attached to the
bucket 33.

[0018] The work machine 20 further includes an angle
sensor 52, and inclination angle sensors 60.

[0019] The angle sensor 52 detects a slewing angle of
the upper slewing body 22 with respect to the lower trav-
elling body 21. The angle sensor 52 is, for example, an
encoder, a resolver, or a gyro sensor. In the present em-
bodiment, the slewing angle of the upper slewing body
22 at a time when a front side of the upper slewing body
22 coincides with a front side of the lower travelling body
21is 0°.

[0020] The inclination angle sensors 60 detect an ori-
entation of the attachment 30. The inclination angle sen-
sors 60 include a boom inclination angle sensor 61, an
arm inclination angle sensor 62, and a bucket inclination
angle sensor 63.

[0021] The boom inclination angle sensor 61 is at-
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tached to the boom 31 and detects an orientation of the
boom 31. The boom inclination angle sensor 61 is a sen-
sor that acquires an inclination angle of the boom 31 with
respect to a horizontal line, and is, for example, an incli-
nation sensor (acceleration sensor) or the like. Note that
the boom inclination angle sensor 61 may be a rotation
angle sensor that detects a rotation angle of a boom foot
pin (a base end of the boom) or a stroke sensor that
detects a stroke amount of the boom cylinder 41.
[0022] The arm inclination angle sensor 62 is attached
to the arm 32 to detect an orientation of the arm 32. The
arm inclination angle sensor 62 is a sensor that acquires
an inclination angle of the arm 32 with respect to the
horizontal line, and is, for example, an inclination sensor
(acceleration sensor) or the like. Note that the arm incli-
nation angle sensor 62 may be a rotation angle sensor
that detects a rotation angle of an arm connection pin (a
base end of the arm) or a stroke sensor that detects a
stroke amount of the arm cylinder 42.

[0023] The bucket inclination angle sensor 63 is at-
tached to the link member 34 to detect an orientation of
the bucket 33. The bucket inclination angle sensor 63 is
a sensor that acquires an inclination angle of the bucket
33 with respect to the horizontal line, and is, for example,
an inclination sensor (acceleration sensor) or the like.
Note that the bucket inclination angle sensor 63 may be
a rotation angle sensor that detects a rotation angle of a
bucket connection pin (a base end of the bucket) or a
stroke sensor that detects a stroke amount of the bucket
cylinder 43.

[0024] The work machine 20 further includes a Light
Detection and Ranging or Laser Imaging Detection and
Ranging (LiDAR) 55. The LiDAR 55 is attached to the
boom 31, but may be attached to the upper slewing body
22. The LiDAR 55 acquires point cloud data indicating
the distance from the position where the LiDAR 55 is
attached to the earth and sand of the bucket 33. Note
that a stereo camera, a time of flight (TOF) sensor, or
the like may be used instead of the LiDAR 55.

[0025] The operator remotely teaches an operation to
such a work machine 20 from the cockpit 71 installed at
a place distant from the work machine 20. The work ma-
chine 20 performs automatic operation based on the
taught work content.

[0026] The work machine system according to the
present embodimentincludes a controller. The controller
of the work machine system includes control means,
amount detection means, target amount setting means,
specifying means, and notification means. The controller
of the work machine system includes a work machine
side controller 11 included in the work machine 20 and
a cockpit side controller 72 included in the cockpit 71.

(Circuit Configuration of Work Machine and Cockpit)
[0027] Asillustratedin FIG. 2, whichis acircuitdiagram

of the work machine 20 and the cockpit 71, the work
machine 20 includes the work machine side controller
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11, a work machine side communication device 12, and
a storage device 13.

[0028] The controller 11 receives information about a
slewing angle (orientation) of the upper slewing body 22
with respect to the lower travelling body 21, the slewing
angle being detected by the angle sensor 52. Further,
the controller 11 receives information about the orienta-
tion of the boom 31, the orientation being detected by
the boom inclination angle sensor 61. The controller 11
further receives information about the orientation of the
arm 32, the orientation being detected by the arm incli-
nation angle sensor 62. The controller 11 further receives
information about the orientation of the bucket 33, the
orientation being detected by the bucket inclination angle
sensor 63.

[0029] In addition, the controller 11 receives the point
cloud data acquired by the LiDAR 55.

[0030] The controller 11 operates the slewing device
25 and the attachment 30 based on the work content
taught from the cockpit 71.

[0031] The work machine side communication device
12 is communicable with a cockpit side communication
device 74, to be described later, of the cockpit 71. The
storage device 13 stores the work content taughtremote-
ly from the cockpit 71.

[0032] The cockpit 71 includes the cockpit side con-
troller 72, an operation device 73, the cockpit side com-
munication device 74, and a display 75.

[0033] The operation device 73 includes a device nec-
essary for remotely operating the work machine 20, such
as an operation lever and an operation button. The cock-
pit side communication device 74 can communicate with
the work machine side communication device 12 of the
work machine 20.

[0034] When teaching is performed from the cockpit
71, the work machine 20 is set to a teaching mode by a
remote operation from the cockpit 71. When the work
machine 20 is set to the teaching mode, the operator
remotely operates the work machine 20 by operating the
operation device 73. When the work machine 20 is re-
motely operated, a landscape through a vehicle window
(landscape outside the window) imaged by a camera pro-
vided in the cab 23 of the work machine 20 is displayed
on the display 75. The operation content by the remote
operation is stored in the storage device 13. Thereatfter,
the work machine 20 is set to an automatic operation
mode by a remote operation from the cockpit 71. When
the work machine 20 is set to the automatic operation
mode, the work machine 20 performs an automatic op-
eration. That is, the controller 11 of the work machine 20
controls the operations of the upper slewing body 22 and
the attachment 30 based on the taught work content (the
work content stored in the storage device 13) and auto-
matically operates the work machine 20.

[0035] In the present embodiment, the content of the
automatic operation performed by the work machine 20
is to repeat an operation for excavating earth and sand
from an earth and sand pit (not illustrated) with the bucket
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33, slewing the upper slewing body 22 toward a dump
truck (not illustrated) while holding the earth and sand,
discharging the earth and sand to a loading platform (not
illustrated) of the dump truck, and then slewing the upper
slewing body 22 toward the earth and sand pit.

[0036] A series of operations by the automatic opera-
tion has a plurality of operation phases. As described
above, in the series of operations including excavation
to discharging of earth and sand, the plurality of operation
phases includes excavation, scooping, lifting and slew-
ing, and discharging of earth and sand. The controller 11
(control means of the controller) controls the upper slew-
ing body 22 and the attachment 30 so that the upper
slewing body 22 and the attachment 30 perform the se-
ries of operations having the plurality of operation phas-
es.

[0037] When the automatic operation is performed in
the work machine 20, the controller 11 (amount detection
means of the controller) detects the amount of earth and
sand held by the bucket 33. Specifically, for example, the
controller 11 detects the shape of the earth and sand in
the bucket 33 based on the point cloud data acquired by
the LIiDAR 55. The controller 11 then calculates the
amount of the earth and sand in the bucket 33 based on
the shape of the earth and sand in the bucket 33. How-
ever, the method for detecting the amount of the earth
and sand (the amount of the work object) by the controller
11 is not limited to the above specific example. For ex-
ample, the controller 11 may detect the amount of earth
and sand in the bucket 33 using a measurement result
by a pressure sensor, not illustrated, that measures the
pressure of the boom cylinder 41.

[0038] Inaddition, the controller 11 (target amount set-
ting means of the controller) sets a target amount that is
a target of the amount of earth and sand. The target
amount is set via the cockpit 71 during teaching. The set
target amount is stored in the storage device 13.

[0039] During the automatic operation, the controller
11 (specifying means of the controller) specifies, as an
abnormal phase, an operation phase in which an amount
of earth and sand held by the bucket 33 is smaller than
the target amount. The controller 11 specifies the abnor-
mal phase based on whether each of the amount of earth
and sand held by the bucket 33 at the start point of the
operation phase and the amount of earth and sand held
by the bucket 33 at the end point of the operation phase
is smaller than the target amount. That is, the controller
11 determines whether the amount of earth and sand
held by the bucket 33 at the start point of the operation
phase is smaller than the target amount, determines
whether the amount of earth and sand held by the bucket
33 at the end point of the operation phase is smaller than
the target amount, and specifies the abnormal phase
based on these determination results.

[0040] FIGS. 3 and4 illustrate temporal changes in the
amount of earth and sand held by the bucket 33 in each
operation phase of excavation, scooping, and lifting and
slewing. As illustrated in FIG. 3, in a case where the op-
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eration phase is excavation, the amount of earth and
sand held by the bucket 33 increases from the start point
toward the end point of the operation phase of excava-
tion. However, in FIG. 3, the amount of earth and sand
held by the bucket 33 at the end point of the excavation
operation phase is smaller than the target amount indi-
cated by a broken line. As described above, in a case
where the amounts of earth and sand held by the bucket
33 at the start point and the end point of the excavation
operation phase are smaller than the target amount,
presence of a problem in the excavation operation is
specified.

[0041] In addition, as illustrated in FIG. 4, in a case
where the operation phase is slewing (lifting and slewing)
and the amount of earth and sand held by the bucket 33
decreases during the slewing operation phase, the
amount of earth and sand held by the bucket 33 at the
end point of the slewing operation phase is smaller than
the target amount even if the amount of earth and sand
held by the bucket 33 at the start point of the slewing
operation phase is equal to or greater than the target
amount indicated by a broken line. In this case, occur-
rence of load slippage during the slewing is specified.
[0042] Further, the controller 11 may determine wheth-
er not only the amount of earth and sand held by the
bucket 33 at the start point of the operation phase and
the amount of earth and sand held by the bucket 33 at
the end point of the operation phase but also the amount
of earth and sand held by the bucket 33 atan intermediate
point between the start point and the end point is smaller
than the target amount. That is, the controller 11 may
specify the abnormal phase based on whether each of
the amount of earth and sand held by the bucket 33 at
the start point of the operation phase, the amount of earth
and sand held by the bucket 33 at the end point of the
operation phase, and the amount of earth and sand held
by the bucket 33 at the intermediate point between the
start point and the end point is smaller than the target
amount. Thatis, the controller 11 may determine whether
the amount of earth and sand held by the bucket 33 at
the start point of the operation phase is smaller than the
target amount, determine whether the amount of earth
and sand held by the bucket 33 at the intermediate point
of the operation phase is smaller than the target amount,
determine whether the amount of earth and sand held
by the bucket 33 at the end point of the operation phase
is smaller than the target amount, and specify the abnor-
mal phase based on these determination results.
[0043] FIG. 5 also illustrates a temporal change in the
amount of earth and sand held by the bucket 33 in each
operation phase of excavation, scooping, and lifting and
slewing. In a case where the operation phase is excava-
tion, if the amount of earth and sand held by the bucket
33 at the end point of the excavation operation phase is
smaller than the target amount, presence of a problem
in the excavation operation is specified. However, in a
case where the amount of earth and sand held by the
bucket 33 at the intermediate point of the excavation op-
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eration phase is smaller than the target amount, and no
change occurs in the amount of earth and sand held by
the bucket 33 at the intermediate point and the end point
of the excavation operation phase, the amount of earth
and sand to be held by the bucket 33 in the earth and
sand pit is not sufficient rather than there is something
wrong in the excavation operation. Therefore, it is pos-
sible to specify a factor that a sufficient amount of earth
and sand cannot be held in the bucket 33.

[0044] The timing or position of each of the start point,
the intermediate point, and the end point of the operation
phase may be stored in the storage device 13 at the time
of teaching, for example. In this case, the controller 11
may determine whether the amount of earth and sand at
the stored start point of the operation phase is smaller
than the target amount, determine whether the amount
of earth and sand at the stored intermediate point of the
operation phase is smaller than the target amount, and
determine whether the amount of earth and sand at the
stored end point is smaller than the target amount. Fur-
ther, during the automatic operation, the operator may
designate the timings of the start point, the intermediate
point, and the end point of the operation phase using an
input device, not illustrated. In this case, the controller
11 may determine whether the amount of earth and sand
at the designated start point of the operation phase is
smaller than the target amount, determine whether the
amount of earth and sand at the designated intermediate
point of the operation phase is smaller than the target
amount, and determine whether the amount of earth and
sand atthe designated end pointis smaller than the target
amount. However, the timing or position of each of the
start point, the intermediate point, and the end point of
the operation phase may be determined by a method
other than the above two specific examples.

[0045] As described above, the operation phase in
which the amount of earth and sand held by the bucket
33 is smaller than the target amount is specified as the
abnormal phase. Therefore, an operation phase in which
the amount of earth and sand held by the bucket 33 is
smaller than the target value can be specified among the
plurality of operation phases. This makes it possible to
specify a factor that makes the amount of earth and sand
held by the bucket 33 smaller than the target value. For
example, as illustrated in FIG. 4, in a case where load
slippage occurs during the slewing and the amount of
earth and sand becomes smaller than the target amount,
the slewing is specified as the abnormal phase. Further,
as illustrated in FIG. 3, in a case where the excavation
amount of the earth and sand is smaller than the target
amount, the excavation is specified as the abnormal
phase.

[0046] Further, the abnormal phase is specified based
on whether each of the amount of earth and sand held
by the bucket 33 at the start point of the operation phase
and the amount of earth and sand held by the bucket 33
at the end point of the operation phase is smaller than
the target amount. This makes it possible to suitably
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specify a factor that makes the amount of earth and sand
held by the bucket 33 smaller than the target value. For
example, in a case where the amount of earth and sand
held by the bucket 33 at the start point of a certain oper-
ation phase is equal to or greater than the target amount
and the amount of earth and sand held by the bucket 33
at the end point of this operation phase is smaller than
the target amount, occurrence of load slippage during
this operation phase can be specified. In addition, in a
case where the operation phase is an operation phase
(excavation) for holding earth and sand and the amounts
of earth and sand held by the bucket 33 at the start point
and the end point of this operation phase are smaller
than the target amount, presence of a problem in the
operation for holding earth and sand can be specified.
[0047] Further, the abnormal phase may be specified
based on whether each of the amount of earth and sand
held by the bucket 33 at the start point of a certain oper-
ation phase, the amount of earth and sand held by the
bucket 33 at the end point of this operation phase, and
the amount of earth and sand held by the bucket 33 at
the intermediate point between the start point and the
end point of this operation phase is smaller than the target
amount. This makes it possible to specifically specify a
factor that makes the amount of earth and sand held by
the bucket 33 smaller than the target value. For example,
as illustrated in FIG. 5, it can be specified that a sufficient
amount of earth and sand cannot be held in the bucket
33 because the amount of earth and sand to be held by
the bucket 33 in the earth and sand pit is not sufficient.
[0048] Returning to FIG. 2, the information about the
abnormal phase is stored in the storage device 13 and
transmitted to the cockpit 71 together with the identifica-
tion number of the work machine 20. The cockpit side
controller 72 (notification means of the controller) sends
a notification of the abnormal phase. Specifically, the
cockpit side controller 72 causes the display 75 to display
the information about the abnormal phase together with
the identification number of the work machine 20. As a
result, the operator can recognize the factor that makes
the amount of earth and sand held by the bucket 33 small-
er than the target value in the corresponding work ma-
chine 20. As a result, the operator can correct the oper-
ations of the upper slewing body 22 and the attachment
30 so that the amount of earth and sand held by the buck-
et 33 becomes equal to or greater than the target value
by teaching the work machine 20 again.

[0049] Here, while the work machine 20 performs the
automatic operation, the operator who operates various
devices in the cockpit 71 teaches another work machine
or remotely operates another work machine. Therefore,
if the abnormal phase is notified every time the abnormal
phase is specified, the operator cannot concentrate on
other work.

[0050] Therefore, during a predetermined period, the
abnormal phase specified by the controller 11 is stored
in the storage device 13. Here, the predetermined period
is a period longer than a period during which a series of

10

15

20

25

30

35

40

45

50

55

operations is performed once. When the predetermined
period has elapsed, the information about the abnormal
phase stored in the storage device 13 is transmitted to
the cockpit 71 to be notified by the cockpit side controller
72. As a result, the frequency of the notification can be
reduced as compared with the case where the abnormal
phase is notified every time the abnormal phase is spec-
ified. By reducing the frequency of the notification, the
operator can concentrate on other work, and thus a de-
crease in the efficiency of the operator can be sup-
pressed.

[0051] Note that the abnormal phase specified by the
controller 11 may be continuously stored in the storage
device 13 until a specific operation is performed by an
operator who operates a device in the cockpit 71, and
when the operator performs the specific operation, infor-
mation about all the abnormal phases stored in the stor-
age device 13 may be notified. According to this, the no-
tification can be performed at a timing desired by the
operator.

(Effects)

[0052] As described above, according to the work ma-
chine 20 according to the presentembodiment, the upper
slewing body 22 and the attachment 30 are controlled so
that the upper slewing body 22 and the attachment 30
perform a series of operations having a plurality of oper-
ation phases. Thereafter, the operation phase in which
the amount of earth and sand held by the bucket 33 is
smaller than the target amount is specified as the abnor-
mal phase. Therefore, an operation phase in which the
amount of earth and sand held by the bucket 33 is smaller
than the target value can be specified among the plurality
of operation phases. This makes it possible to specify a
factor that makes the amount of earth and sand held by
the bucket 33 smaller than the target value. For example,
in a series of operations including excavation, scooping,
lifting and slewing, and discharging of earth and sand, in
a case where a load slips during the slewing and the
amount of earth and sand becomes smaller than the tar-
get amount, the slewing is specified as the abnormal
phase. Further, in a case where the excavation amount
of the earth and sand is smaller than a target amount,
the excavation is specified as the abnormal phase.

[0053] Further, the abnormal phase is specified based
on whether each of the amount of earth and sand held
by the bucket 33 at the start point of the operation phase
and the amount of earth and sand held by the bucket 33
at the end point of the operation phase is smaller than
the target amount. This makes it possible to suitably
specify a factor that makes the amount of earth and sand
held by the bucket 33 smaller than the target value. For
example, in a case where the amount of earth and sand
held by the bucket 33 at the start point of a certain oper-
ation phase is equal to or greater than the target amount
and the amount of earth and sand held by the bucket 33
at the end point of this operation phase is smaller than
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the target amount, occurrence of load slippage during
this operation phase can be specified. Further, in a case
where the operation phase is an operation phase for hold-
ing earth and sand and the amounts of earth and sand
held by the bucket 33 at the start point and the end point
of this operation phase are smaller than the target
amount, presence of a problem in the operation for hold-
ing earth and sand can be specified.

[0054] Further, the abnormal phase is specified based
on whether each of the amount of earth and sand held
by the bucket 33 at the start point of a certain operation
phase, the amount of earth and sand held by the bucket
33 at the end point of this operation phase, and the
amount of earth and sand held by the bucket 33 at the
intermediate point between the start point and the end
point of this operation phase is smaller than the target
amount. This makes it possible to specifically specify a
factor that makes the amount of earth and sand held by
the bucket 33 smaller than the target value. For example,
in a case where the operation phase is an operation
phase for holding earth and sand, and the amount of
earth and sand held by the bucket 33 increases from the
start point to the intermediate point of this operation
phase, but the amount of earth and sand held by the
bucket 33 at the intermediate point of this operation
phase is smaller than the targetamount, and the amounts
of earth and sand held by the bucket 33 at the interme-
diate point and the end point of this operation phase do
not change, it can be specified that a sufficient amount
of earth and sand cannot be held in the bucket 33 be-
cause the amount of earth and sand to be held by the
bucket 33 is not sufficient.

[0055] In addition, the abnormal phase is notified. This
makes it possible to recognize a factor that makes the
amount of earth and sand held by the bucket 33 smaller
than the target value. Therefore, the operations of the
upper slewing body 22 and the attachment 30 can be
corrected so that the amount of earth and sand held by
the bucket 33 becomes equal to or greater than the target
value.

[0056] Further, when a predetermined period, which is
a longer period than a period during which a series of
operations is performed once, has elapsed, the abnormal
phase stored in the storage device 13 is notified. As a
result, the frequency of the notification can be reduced
as compared with the case where the abnormal phase
is notified every time the abnormal phase is specified.
The operator often performs other work while the work
machine 20 is automatically operated. By reducing the
frequency of the notification, the operator can concen-
trate on other work, and thus a decrease in the efficiency
of the operator can be suppressed.

[0057] Although the embodiment of the presentinven-
tion has been described above, only specific example
has been described, and the present invention is not par-
ticularly limited to the embodiment. Therefore, a specific
configuration and the like can be modified in design as
appropriate. Further, the actions and effects described
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in the embodiment of the present invention merely recite
the most suitable actions and effects resulting from the
present invention, and the actions and effects according
to the presentinvention are not limited to those described
in the embodiment of the present invention.

[0058] In the above embodiment, the work machine
system includes the work machine 20 and the cockpit
71, but the cockpit 71 is not an essential configuration in
the work machine system and may be omitted. Specifi-
cally, in the above embodiment, the cockpit side control-
ler 72 notifies the operator of the abnormal phase by dis-
playing the information about the abnormal phase on the
display 75 of the cockpit 71. However, in a case where
the controller of the work machine system notifies the
operator of the abnormal phase in a machine or a device
other than the cockpit 71, the work machine system may
not include the cockpit. Examples of the machine other
than the cockpit 71 include a work machine, and exam-
ples of the device other than the cockpit 71 include infor-
mation devices such as a personal computer, a server,
and a portable information terminal. Further, in the above
embodiment, the operator remotely teaches the work
content (operation)to the work machine 20 from the cock-
pit 71 installed at a place distant from the work machine
20. However, for example, the operator may teach the
work content to the work machine 20 by operating the
operation device in the cab 23 at the driver’s seat in the
cab 23 of the work machine 20. In this case, the work
machine system may not include the cockpit 71.

[0059] In the above embodiment, the control means,
the amount detection means, the target amount setting
means, and the specifying means are included in the
work machine side controller 11, but some or all of the
control means, the amount detection means, the target
amount setting means, and the specifying means may
be included in the cockpit side controller 72. Further, in
the above embodiment, the notification means is includ-
ed in the cockpit side controller 72, but may be included
in the work machine side controller 11. Further, the work
machine side controller 11 and the cockpit side controller
72 may be constituted by one controller. In this case, the
work machine 20 may include the one controller, and the
cockpit 71 may include the one controller.

Claims
1. A work machine system comprising:

a lower travelling body;

an upper slewing body slewably attached to an
upper portion of the lower travelling body;

an attachment that has a tip attachment capable
of holding awork object and is rotatably attached
to the upper slewing body; and

a controller,

wherein the controller

controls the upper slewing body and the attach-
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ment so that the upper slewing body and the
attachment perform a series of operations hav-
ing a plurality of operation phases,

detects an amount of the work object held by
the tip attachment,

sets a target amount that is a target of the
amount of the work object, and

specifies, as an abnormal phase, an operation
phase in which the amount of the work object
held by the tip attachment is smaller than the
target amount.

The work machine system according to claim 1,
wherein the controller specifies the abnormal phase
based on whether each of an amount of the work
object held by the tip attachment at a start point of
the operation phase and an amount of the work ob-
ject held by the tip attachment at an end point of the
operation phase is smaller than the target amount.

The work machine system according to claim 2,
wherein the controller further specifies the abnormal
phase based on whether an amount of the work ob-
ject held by the tip attachment at an intermediate
point between the start point and the end point is
smaller than the target amount.

The work machine system according to any one of
claims 1 to 3, wherein the controller sends a notifi-
cation of the abnormal phase.

The work machine system according to claim 4, fur-
ther comprising

a storage device that stores the abnormal phase
specified by the controller while a predetermined
period longer than a period during which the se-
ries of operations is performed once elapses,
wherein the controller sends the notification of
the abnormal phase stored in the storage device
when the predetermined period elapses.
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