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(54) WORK MACHINE

(567)  Provided is a work machine (1) capable of con-
tinuing work by automatic operation over a large area.
The work machine (1) includes a controller that makes
an upper turning body (22) and a work device (30) per-
form a series of motions including processing motion a
plurality of times. The controller performs: shifting the
start position of the processing motion in the next series
of motions in the turning direction of the upper turning
body (22) when a processing work performed by a series
of motions reaches a predetermined stage; making a low-
ertraveling body (21) perform an area change movement
when the processing work reaches a predetermined
stage while the start position has reached a change limit
plane (75); and setting an after-movement start position
so as to make the processing work after the area change
movement continued with the processing work before
the area change movement.
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Description
Technical Field

[0001] The presentinvention relatestoawork machine
capable of being automatically operated.

Background Art

[0002] Patent Literature 1 discloses an automatically-
operated excavator by which work motions from excava-
tion of earth and sand to removal thereof are automati-
cally performed. Specifically, Patent Literature 1 disclos-
es automatically shifting the next excavation position in
the turning direction of an upper turning body when the
excavation depth reaches a set value at a certain exca-
vation position.

[0003] Even with the shift of the excavation position in
the turning direction of the upper turning body, however,
there remains a limit in the expansion of working area.
An automatically-operated excavator is desired to con-
tinue work over a larger area.

Citation List
Patent Literature

[0004] PatentLiterature 1: Japanese Unexamined Pat-
ent Publication No. 2001-123479

Summary of Invention

[0005] Itis an object of the presentinvention to provide
awork machine capable of continuing work by automatic
operation over a large area.

[0006] Provided is a work machine including a lower
traveling body, an upper turning body, a work device, and
a controller. The lower traveling body is capable of per-
forming a traveling motion. The upper turning body is
mounted on the lower traveling body capably of turning.
The work device is rotatably attached to the upper turning
body capably of performing a processing motion for
processing an object. The controller controls driving of
the upper turning body and the attachment so as to make
the upper turning body and the work device perform a
series of motions including the processing motion by the
work device a plurality of times. The controller is config-
ured to perform: shifting a start position of the processing
motion included in the next series of motions in a turning
direction of the upper turning body when work performed
by the series of motions reaches a predetermined stage;
making the lower traveling body perform an area change
movement that is a movement for changing an area of
processing work, which is work performed by the series
of motions, when the processing work reaches the pre-
determined stage in a state where the start position has
reached a predetermined shift limiting surface that de-
fines a limit of the shift of the start position in the turning
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direction; and setting an after-movement start position,
which is a start position of the processing motion after
the area change movement, so as to make the process-
ing work after the area change movement and the
processing work before the area change movement con-
tinued with each other.

Brief Description of Drawings
[0007]

FIG. 1 is a side view of a work machine according
to a first embodiment of the present invention.

FIG. 2 is a block diagram showing a control unit in-
stalled on the work machine and elements connect-
ed thereto.

FIG. 3 is a plan view of the work machine to show a
target trajectory of a tip of a bucket in a series of
motions before and after an area change movement.
FIG. 4 is a plan view of the work machine to show a
movement distance of the area change movement.
FIG. 5 is a plan view of the work machine to show
an example of setting of a shift limiting surface.
FIG. 6 is a plan view of the work machine to show
an area change movement for setting an after-move-
ment start position upstream of the shift limiting sur-
face with respect to a movement direction that is a
direction of the area change movement.

FIG. 7 is a plan view of the work machine to show
an example of setting of a movement distance of the
area change movement for setting the after-move-
ment start position shown in FIG. 6.

FIG. 8 is a plan view of the work machine to show
the movement of the shift limiting surface upstream
with respect to the traveling direction of the lower
traveling body.

FIG. 9 is a plan view of the work machine to show
work for moving earth and sand in the movement
direction of the area change movement.

FIG. 10 is a plan view of the work machine to show
work for forming a slope.

FIG. 11 is a flowchart showing a process to be per-
formed by a controller of the work machine.

FIG. 12 is a plan view of a work machine according
to a second embodiment of the present invention to
show a state where the lower traveling body has per-
formed an area change movement by a predeter-
mined movement distance.

FIG. 13 is a plan view of the work machine according
to the second embodiment of the present invention
to show a state where the lower traveling body has
moved by a distance different from the movement
distance.

FIG. 14 is a plan view of the work machine according
to the second embodiment of the present invention
to show a state where the after-movement start po-
sition is deviated beyond the shift limiting surface by
area change movement.
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Detailed Description

[0008] A preferred embodiment of the present inven-
tion will now be described with reference to the drawings.
[0009] FIG. 1 shows a work machine 1 according to a
first embodiment of the present invention. The work ma-
chine 1 is capable of being automatically operated. The
work machine 1 is a hydraulic excavator, including a ma-
chine body 25 including a lower traveling body 21 and
an upper turning body 22, a turning device 24, an attach-
ment 30, and a work driving device 40.

[0010] The lower traveling body 21 includes a pair of
crawler, which is actuated to thereby enable the lower
traveling body 21 to perform a traveling motion. The up-
per turning body 22 is mounted on the lower traveling
body 21 capably of performing a turning motion of turning
with respect to the lower traveling body 21. The turning
device 24 is aturning driving device that causes the upper
turning body 22 to perform the turning motion. The upper
turning body 22 includes a cab (operation room) 23 which
forms a front part of the upper turning body 22.

[0011] The attachment 30 is a work device attached to
the upper turning body 22 capably of performing a work
motion. The work motion is a motion for processing an
object, including a vertically rotational movement. The
attachment 30 includes a boom 31, an arm 32, and a
bucket 33. The boom 31 has a proximal end and a distal
end opposite thereto, the proximal end being connected
to the upper turning body 22 capably of vertically rota-
tional movement (capably of being raised and lowered).
The arm 32 has a proximal end and a distal end opposite
thereto, the proximal end being connected to the distal
end of the boom 31 capably of vertically rotational move-
ment. The bucket 33is atip attachment, whichis attached
to the distal end of the arm 32 capably of rotational move-
ment in a front-rear direction to form the tip of the attach-
ment 30. The bucket 33 has a shape capable of perform-
ing work operation such as excavation, leveling, scoop-
ing, and the like, on an excavation object including earth
and sand. The excavation object by the bucket 33 is not
limited to earth and sand but allowed to be also a stone
or a waste (industrial waste, etc.). Besides, the work ma-
chine according to the present invention is not limited to
an excavation machine and, therefore, the work object
is not limited to the excavation object. For example, the
tip attachment to form the tip of the work apparatus ac-
cording to the presentinventionis not limited to the bucket
33 for holding earth and sand as described above but
allowed to be also a grapple for gripping a work object,
a lifting magnet for attracting a work object to hold it, or
the like.

[0012] The work drive device 40 is capable of making
the attachment 30 perform the work motion by hydraulic
actuation of the attachment 30. The work drive device 40
includes a plurality of hydraulic cylinders, each of which
is capable of performing expansion and contraction mo-
tions, the plurality of hydraulic cylinders including a boom
cylinder 41, an arm cylinder 42, and a bucket cylinder 43.
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[0013] The boom cylinder 41 is arranged so as to ac-
tuate the boom 31 vertically rotationally in rising and fall-
ing directions (vertical direction) with respect to the upper
turning body 22 by performing the expansion and con-
traction motions. The boom cylinder 41 has a proximal
end to be rotatably connected to the upper turning body
22 and a distal end to be rotatably connected to the boom
31.

[0014] Thearmcylinder42is arranged so as to actuate
the arm 32 vertically rotationally with respect to the boom
31 by performing the expansion and contraction motions.
The arm cylinder 42 has a proximal end to be rotationally
connected to the boom 31 and a distal end to be rota-
tionally connected to the arm 32.

[0015] The bucket cylinder 43 is arranged so as to ac-
tuate the bucket 33 rotationally with respect to the arm
32 by performing the expansion and contraction motions.
The bucket cylinder 43 has a proximal end to be rotation-
ally connected to the arm 32 and a distal end to be rota-
tionally connected to a link member 34. The link member
34 is rotationally connected to the bucket 33 to intercon-
nect the bucket cylinder 43 and the bucket 33.

[0016] The work machine 1 further includes a turning
angle sensor 52, which is a turning angle detector, and
a working posture detector 60.

[0017] The turning angle sensor 52 detects a turning
angle of the upper turning body 22 with respect to the
lower traveling body 21. The turning angle sensor 52 is,
for example, an encoder, a resolver, or a gyro sensor. In
the present embodiment, the turning angle of the upper
turning body 22 at which the frontward direction of the
upper turning body 22 coincides with the frontward direc-
tion of the lower traveling body 21 is fixed to 0°.

[0018] The working posture detector60 detects a work-
ing posture, which is the posture of the attachment 30 as
the work device, including a boom inclination sensor 61,
an arm inclination sensor 62, and a bucket inclination
sensor 63 in the present embodiment.

[0019] The boom inclination sensor 61 is attached to
the boom 31 to detect the posture of the boom 31. The
boom inclination sensor 61 is, specifically, a sensor that
acquires the inclination angle of the boom 31 to a hori-
zontal line, forexample, an inclination (acceleration) sen-
sor. The working posture detector 60 may include, in-
stead of the boom inclination sensor 61, a rotation angle
sensor that detects a rotation angle of the boom 31
around a boom foot pin, which is a support shaft of the
proximal end of the boom 31, or a stroke sensor that
detects a stroke of the boom cylinder 41.

[0020] The arminclination sensor 62 is attached to the
arm 32 to detect the posture of the arm 32. The arm
inclination sensor 62 is, specifically, a sensor that ac-
quires the inclination angle of the arm 32 to a horizontal
line, for example, an inclination (acceleration) sensor.
The working posture detector 60 may include, instead of
the arm inclination sensor 62, a rotation angle sensor
that detects a rotation angle of the arm 32 around an arm
connection pin that is a support shaft of the proximal end
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of the arm 32, or a stroke sensor that detects a stroke of
the arm cylinder 42.

[0021] The bucket inclination sensor 63 is attached to
the link member 34 to detect the posture of the bucket
33. The bucket inclination sensor 63 is, specifically, a
sensor that acquires the inclination angle of the bucket
33 to a horizontal line, for example, an inclination (accel-
eration) sensor. The working posture detector 60 may
include, instead of the bucket inclination sensor 63, a
rotation angle sensor that detects a rotation angle of the
bucket 33 around a bucket connection pin which is a sup-
port shaft of the proximal end of the bucket 33, or a stroke
sensor that detects a stroke of the bucket cylinder 43.
[0022] Theworkmachine 1 furtherincludes animaging
device 26. The imaging device 26 is attached to the upper
turning body 22. The imaging device 26, alternatively,
may be located remote from the work machine 1. The
imaging device 26 according to the present embodiment
is a LIDAR. If the work machine according to the present
invention includes means for imaging, however, the
means may be a camera, an ultrasonic sensor, a millim-
eter wave radar, a stereo camera, a distance image sen-
sor, an infrared sensor, or the like.

[0023] The following description is made about the
case of excavating earth and sand using the bucket 33.
[0024] AsshowninFIG.2,thework machine 1includes
a control unit 11 and a storage device 13.

[0025] To the control unit 11 is input turning posture
information and working posture information. The turning
posture information is information detected by the turning
angle sensor 52, that is, information about the turning
angle (turning posture) of the upper turning body 22 with
respect to the lower traveling body 21. The working pos-
tureinformationis information about the posture detected
by the working posture detector 60, that is, the posture
of the attachment 30 as the work device. The working
posture information contains: information detected by the
boom inclination sensor 61, that is, information on the
posture of the boom 31; information detected by the arm
inclination sensor 62, that is, information on the posture
of the arm 32; and information detected by the bucket
inclination sensor 63, that is, information on the posture
of the bucket 33.

[0026] The control unit 11 according to the presentem-
bodiment automatically controls motions of the work ma-
chine 1. The control unit 11 serves as a control means
of controlling the driving of the upper turning body 22 and
the attachment 30 so as to make the upper turning body
22 and the attachment 30 perform a series of motions.
The work machine 1 is, thus, automatically operated.
Specifically, the control unit 11 automatically controls the
driving of the upper turning body 22 by the turning device
24 and the driving of the attachment 30 by the work driving
device 40 based on the information detected by the turn-
ing angle sensor 52 and the working posture detector 60.
In the present embodiment, the series of motions are
motions for excavating earth and sand and discharging
it. The series of motions, therefore, includes an excava-
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tion motion for excavating earth and sand by the bucket
33. The excavation motion is an example of a processing
motion of processing an object by the attachment 30 as
the work device.

[0027] The control unit 11 makes the upper turning
body 22 and the attachment 30 perform the series of
motions a plurality of times. The control unit 11 according
to the present embodiment makes the series of motions
repeated with a change of the height of the tip of the
bucket 33 during the excavation motion. The series of
motions from excavation of earth and sand to earth re-
moval are thereby repeated at the same excavation place
with the change of the depth of excavation of earth and
sand.

[0028] The storage device 13, which constitutes a con-
troller in association with the control unit 11, stores the
series of motions. The series of motions are set, for ex-
ample, by means of teaching by an operator. The series
of motions causes the tip of the attachment 30 i.e., the
tip of the bucket 33, to trace a predetermined trajectory.
As described later, a part of the trajectory may be cor-
rected along with the movement of the lower traveling
body 21.

[0029] FIG. 3 shows a target trajectory 71 of the tip of
the bucket 33 in the series of motions. The series of mo-
tions include an excavation motion, a lifting and turning
motion, an earth removal motion, and a return turning
motion. The excavation motion involves the movement
of the tip of the bucket 33 from a point A to a point B. The
lifting and turning motion involves the turn of the tip of
the bucket 33 from the point B to a point C. The lifting
and turning motion is performed with earth and sand held
in the bucket 33. The earth removal motion involves the
movement of the tip of the bucket 33 from the point C to
a point D and the rotation of the bucket 33 in the opening
direction during the movement, the rotation of the bucket
33 causing the earth and sand to be discharged to a
vessel of a dump truck or the like. The earth removal
position is located in an area from the point C to the point
D. The return turning motion involves the turn of the tip
of the bucket 33 in a return direction from the point D to
the point A. The control target part of the attachment 30
according to the present embodiment is the tip of the
bucket 30, the target trajectory of which is graphically
shown. The control target part, however, is not limited to
the tip of the bucket 33.

[0030] The control unit 11 sets a depth limit. The depth
limitis a limit value set for excavation depth, which is the
depth by which earth and sand is excavated by the bucket
33. As described above, the series of motions from the
excavation of earth and sand to the earth removal are
repeated with the change of the excavation depth.
[0031] The control unit 11 judges that the work per-
formed by the repetition of the series of motions has
reached a predetermined stage at the time when the ex-
cavation depth in the excavation motion reaches the
depth limit. When judging that the work by the repetition
of the series of motions has reached the predetermined
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stage, the control unit 11 terminates the repetition of the
series of motions at the same excavation place.

[0032] Itis also desirable that the control unit 11 or the
storage device 13 stores a target number of repetitions
thatis the number of times by which the series of motions
is to be repeated and the control unit 11 is configured to
judge that the work by the repetition of the series of mo-
tions has reached a predetermined stage at the time
when the number of times by which the series of motions
are repeated reaches the target number of repetitions.
[0033] The control unit 11 serves as a start position
shifting means of shifting the start point of the excavation
motion in the next series of motions in the turning direc-
tion of the upper turning body 22 from the point A. Spe-
cifically, the start position is shifted in the turning direction
from the point A by means of turning the upper turning
body 22. The start position is shifted to the position sep-
arated from the point A by a predetermined angle in a
direction of separating from the point D in the turning
direction (the reverse direction to that of the lifting and
turning motion, i.e., the rightward direction in FIG. 3).
Along with the shift of the start point from the point A, the
terminal point of the excavation motion is also shifted
from the point B by the same angle in the same direction.
[0034] After shifting the start position of the excavation
motion from the point A to a new position, the control unit
11 makes the upper turning body 22 and the attachment
30 perform the next series of motions. Thus is performed
processing work by the next series of motions at the new
excavation place.

[0035] InFIG. 3, the initial posture of the upper turning
body 22 is indicated by a solid line. The initial posture is
the posture of the upper turning body 22 corresponding
to the point A, which is the start position of the excavation
motion in the first series of motions, more specifically,
such a posture of the upper turning body 22 with respect
to the lower traveling body 21 as to locate the tip of the
bucket 33 that is the control target part at the start posi-
tion, and the upper turning body 22 in the initial posture
is located at such a position that the tip of the bucket 33
is separated from the earth removal position between the
point C and the point D by an initial angle in the turning
direction. Along with the shift of the start position of the
excavation motion from the point A, the posture of the
upper turning body 22 with respect to the lower traveling
body 21 (turning posture) at the start of the excavation
motion is also gradually changed from the initial posture.
Each time the start position is thus shifted, the series of
motions are started from the shifted start position.
[0036] The control unit 11 serves as a limiting surface
setting means of setting a shift limiting surface 75 shown
in FIG. 3. The shift limiting surface 75 defines the limit of
the shift of the start position in the turning direction. The
shift limiting surface 75 is a surface perpendicular to a
movement direction, which is the direction of a below-
described area change movement of the lower traveling
body, indicated by a straight line perpendicular to the
movement direction, as shown in FIG. 3 when viewed in
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adirection along the turning center axis of the upper turn-
ing body 22 (vertically in general). The shift limiting sur-
face 75 may be set in advance and stored in the control
unit 11.

[0037] By the repetition of the series of motions with
the shift of the start position of the excavation motion in
the turning direction, the start position is shifted from the
point A to eventually reach the shift limiting surface 75.
The control unit 11 serves as a lower-traveling-body mov-
ing means of making the lower traveling body 21 perform
the traveling motion to thereby move the lower traveling
body 21 in the traveling direction when the work by the
repetition of the series of motions reaches a predeter-
mined stage in a state where the start position has
reached the shift limiting surface 75, that is, when the
excavation depth in the shift limiting surface 75 reaches
the depth limit. The movement of the lower traveling body
21 is the area change movement for changing the area
of the processing work by the series of motions. Prefer-
ably, the area change movement is a movement in a
direction of making the after-movement posture of the
upper turning body 22 closer to the initial posture. The
after-movement posture is the posture of the upper turn-
ing body 22 with respect to the lower traveling body 21
(turning posture) corresponding to an after-movement
start position, which is the start position of the excavation
motion in the first series of motions after the area change
movement. The initial posture is the posture of the upper
turning body 22 with respect to the lower traveling body
corresponding to the start position of the processing mo-
tion included in the first series of motions. FIG. 3 shows
an arrow Dm, which indicates the movement direction
that is the direction of the area change movement, and
the position of the work machine 1 after the area change
movement is indicated by a two-dot chained line. More-
over, the control unit 11 sets the start position of the ex-
cavation motion after the area change movement, name-
ly, the after-movement start position, so as to make the
processing work by the series of motions started imme-
diately after the area change movement continued with
the processing work by the series of motions immediately
before the area change movement.

[0038] The controlunit 11 according to the presentem-
bodiment sets a movement distance L as shown in FIG.
4 so as to make the processing work after the area
change movement continued with the processing work
before the area change movement. The movement dis-
tance L is atarget movement distance of the area change
movement of the lower traveling body 21, being the sum
of a start position distance L1 and a limiting surface dis-
tance L2 shown in FIG. 4 in the present embodiment.
The start position distance L1 is the distance in the move-
ment direction, from the start position (point A) to the
turning center axis 20 of the upper turning body 22 in the
work machine 1 where the upper turning body 22 is in
the initial posture. The limiting surface distance L2 is the
distance inthe movementdirection, from the turning cent-
er axis 20 to the shift limiting surface 75.
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[0039] As described below, when the movement dis-
tance L of the lower traveling body 21 is smaller than the
sum of the start position distance L1 and the limiting sur-
face distance L2, the start position of the excavation mo-
tion included in the series of motions after the area
change movement, namely, the after-movement start po-
sition, is located upstream of the shift limiting surface 75
with respect to the movement direction.

[0040] As shown in the arrow Dm, the movement di-
rection which is the direction of the area change move-
ment of the lower traveling body 21 is rightward in FIG.
3, being the same direction as the direction in which the
start position of the series of motions is shifted before
the area change movement, that is, the same direction
as the direction in which the area of the repeated series
of motions is gradually shifted.

[0041] The control unit 11 serves as a posture setting
means of setting the after-movement posture of the upper
turning body 22 to the same posture as the initial posture.
The after-movement posture is the turning posture of the
upper turning body 22 corresponding to the start position
of the excavation motion included in the series of motions
after the area change movement, namely, the after-
movement start position, being, in the present embodi-
ment, the posture of the upper turning body 22 with re-
spect to the lower traveling body 21 for locating the tip
of the bucket 33 as the control target part at the after-
movement start position. The after-movement posture of
the upper turning body 22, therefore, is returned to the
same posture as the initial posture, that is, the posture
where the turning angle of the upper turning body 22 with
respect to the lowertraveling body 21 is equal to the initial
turning angle. The control unit 11 makes the series of
motions restarted and thereafter repeated by the upper
turning body 22 and the attachment 30 in the thus same
posture as the initial posture. The processing motion by
the series of motions is thereby repeated at a new exca-
vation place. This allows the processing work from the
posture after the area change movement to be continued
with the processing work before the area change move-
ment. In addition, performing not only the shift of the start
position of the excavation motion before the area change
movement in the turning direction but also making the
lower traveling body 21 perform the area change move-
ment enables the process work to be continued over a
larger area.

[0042] The control unit 11 serves as a working area
setting means of setting a working area 80 as shown in
FIG. 3. The working area 80 is an area within which the
attachment 30 is allowed to move for performing the
processing motion. As shown in FIG. 3, the control unit
11 makes the shift of the start position of the excavation
motion within the working area 80 to thereby prevent the
attachment 30 from being deviated from the working area
80 in the series of motions regardless of the shift of the
start position. Furthermore, the control unit 11 sets the
after-movement start position within the working area 80
so as to make the processing work after the area change
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movement continued with the processing work before
the area change movement. This prevents the attach-
ment 30 from being deviated from the working area 80
by the series of motions even after the area change
movement, thereby allowing the attachment 30 to be pre-
vented frominterference with obstacles, etc. lying outside
the working area 80.

[0043] As shown in FIG. 3, the shift limiting surface 75
is set to a surface passing through the position of the tip
of the bucket 33 in a state where the upper turning body
22 has been turned in a direction of separating from the
point D, i.e., in a direction reverse to the direction of the
lifting and turning motion, by a preset limit angle 6 from
a posture where the tip of the bucket 33 is located at the
start position of the first excavation motion. Alternatively,
the surface passing through the start position that has
been shifted by a preset allowable number of shift times
may be set to the shift limiting surface 75.

[0044] The shift limiting surface 75, alternatively, may
be set as a downstream boundary surface of a soil-
amount detection area 81 as shown in FIG. 5. The soil-
amount detection area 81 is set in the working area 80.
The downstream side boundary surface is the surface
that defines a boundary of the soil-amount detection area
81 on the downstream side (right side in FIG. 5) in the
movement direction of the lower traveling body 21, being
perpendiculartothe movementdirection. The control unit
11 detects the amount of soil in the soil-amount detection
area 81 from the image information acquired by the im-
aging device 26, and performs control to make the lower
traveling body 21 perform the area change movement at
the time when the detected soil amount, which is the de-
tected amount of soil, becomes equal to or less than a
predetermined amount.

[0045] If the series of motions after the area change
movement of the lower traveling body 21 is performed at
a position deviated beyond the shift limiting surface 75
in the movement direction, for example, when the work
machine 1 performs the series of motions at a position
indicated by a two-dot chained line in FIG. 3, there occurs
a non-working area 77 as shown in FIG. 3. The non-
working area 77 is an area where neither the processing
work before the area change movement nor the process-
ing work after the area change movement is performed.
To reduce such a non-working area 77, the control unit
11 is preferably configured to, for example, as shown in
FIG. 6, set an after-movement start position, which is the
start position of the excavation motion in the series of
motions immediately after the area change movement
(the point A1 in FIG. 6), on the upstream side (left side
in FIG. 6) of the shift limiting surface 75 with respect to
the movement direction of the lower traveling body 21.
[0046] For the setting of the after-movement start po-
sition (point A1) as shown in FIG. 6, itis preferable to set
a movement distance, which is the distance of the area
change movement of the lower traveling body 21, for ex-
ample, as shown in FIG. 7. The details are as follows.
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(i) A shift termination surface 78 is set as shown in
FIG. 7. The shift termination surface 78 is the surface
that passes through the terminal position of the ex-
cavation motion (point B2 in FIG. 7) at a start position
maximum shift time point and perpendicular to the
movement direction of the area change movement
ofthelowertravelingbody 21. The start position max-
imum shift time point is the point in time when the
start position of the excavation motion has been
maximumly shifted before the area change move-
ment, specifically, the point in time when the start
position has been shifted to a position on the shift
limiting surface 75 like the point A2 shown in FIG. 7.
The start position maximum shift time point, alterna-
tively, may be either a point in time when the shift
angle from the initial start position A to the latest start
position (an angle corresponding to the turning angle
of the upper turning body 22) reaches a preset limit
angle 6 or a point in time when the number of shift
times of the start position reaches a preset number
of times.

(i) A movement termination surface 79 is set as
shown in FIG. 7. The movement termination surface
79 is the surface that is perpendicular to the move-
ment direction and passes through such a start po-
sition of an immediately-after-movement excavation
motion that the terminal point of the immediately-
after-movement excavation motion (the point B1 in
FIG. 7) is on the shift termination surface 78, the
immediately-after-movement excavation motion be-
ing an excavation motion in the first series of motions
after the area change movement (the start position
is the point A1 in FIG. 7).

(iii) The distance by which the start position of the
immediately-after-movement excavation motion
(point A1) is shifted to reach the movement termina-
tion surface 79 is set to the movement distance.

[0047] The control unit 11 determines the amount of
soil at the earth removal position between the point C
and the point D, from the image information captured by
the imaging device 26. The control unit 11, thus, serves
as a soil amount detector in association with the imaging
device 26. The control unit 11 moves the shift limiting
surface 75 in a direction reverse to the movement direc-
tion of the area change movement as indicated by arrow
Dr shown in FIG. 8 when the detected soil amount is
equal to or more than a preset allowable amount. This
advances the timing of the start of the area change move-
ment, thereby allowing the lower traveling body 21 to be
moved to change the area of the processing work before
the excess of the soil amount at the earth removal posi-
tion.

[0048] The earth removal position between the point
C and the point D shown in FIG. 3 and FIGS. 60 8, i.e.,
the position to which the earth and sand excavated by
the bucket 33 is to be discharged, is outside the working
area 80. However, like the modification shown in FIG. 9,
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the earth and sand excavated by the bucket 33 may be
discharged to the earth removal position in the working
area 80. The control unit 11 according to the present
modification sets the start position of the excavation mo-
tionimmediately after the area change movement, name-
ly, the after-movement start position, so as to allow the
earth and sand discharged to the earth removal position
before the area change movement to be excavated by
the excavation motion after the area change movement.
The movement direction of the area change movement
is the leftward direction in FIG. 9 as indicated by arrow
Dm. The control according to the present modification
enables the work machine 1 to repeat the motion of ex-
cavating earth and sand that is discharged to the earth
removal position before the area change movement, after
the area change movement, and then discharging the
excavated earth and sand to a new earth removal posi-
tion. This motion allows the earth and sand to be moved
in a larger area with respect to the same direction as the
movement direction.

[0049] The processing motion of processing an object
by the attachment 30 is not limited to the excavation mo-
tion of excavating earth and sand with the bucket 33 as
described above. The processing motion may be, for ex-
ample, a motion of scraping an inclined surface 85 with
the bucket 33 as shown in FIG. 10. The inclined surface
85 can be scraped into a slope. The motion of scraping
the inclined surface 85 may be performed either only
once or more than two times in the same place of the
inclined surface 85. In the case of performing the motion
of scraping the inclination surface 85 two or more times
in the same place of the slope 85, the motions may be
repeated with a change of the height of the tip of the
bucket 33. The area in which processing work including
such a processing motion is performed also can be en-
larged by the area change movement of the lower
traveling body 21.

[0050] Next will now be described processing for mo-
tion control performed by the control unit 11 with refer-
ence to the flowchart of FIG. 11.

[0051] The control unit 11 sets the shift limiting surface
75 in the working area 80 (step S1). The control unit 11
renders the posture of the upper turning body 22 the initial
posture (step S2). The control unit 11 makes the upper
turning body 22 and the attachment 30 perform a series
of motions from the initial posture (step S3).

[0052] Next, the control unit 11 judges whether or not
the excavation depth has reached a depth limit (step S4).
Ifjudging the excavation depth has not reached the depth
limit (NO in step S4), the control unit 11 changes the
excavation depth (step S5) and makes the next series of
motions performed by the changed excavation depth
(step S3). The series of motions are, thus, repeated with
the change of the height of the tip of the bucket 33 during
the excavation motion.

[0053] Atthe time of judging that the excavation depth
has reached the depth limit (YES in step S4), the control
unit 11 judges whether or not the amount of soil at the
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earth removal position is equal to or more than a prede-
termined amount (YES in step S6), and only when judging
the amount of soil at the earth removal position to be
equal to or more than the predetermined amount (YES
in step S6), the control unit 11 moves the shift limiting
surface 75 in a direction reverse to the movement direc-
tion of the lower traveling body 21 (step S7).

[0054] The control unit 11 judges whether or not the
start position of the excavation motion gradually changed
in the above-described manner has reached the shift lim-
iting surface 75 (step S8). Ifjudging that the start position
has not yet reached the shift limiting surface 75 (NO in
step S8), the control unit 11 makes the upper turning
body 22 turned by a predetermined turning angle to there-
by shift the start position of the excavation motion in the
turning direction of the upper turning body 22 (Step S9).
The series of motions is thereby repeated in an new ex-
cavation place.

[0055] At the time of judging that the start position of
the excavation motion which is gradually shifted as de-
scribed above reaches the shift limiting surface 75 (YES
in step S8), the control unit 11 makes the lower traveling
body 21 perform an area change movement (step S10).
The area change movement is controlled so as to make
the processing work by the series of motions after the
area change movement continued with the processing
work before the area change movement, and the turning
posture of the upper turning body 22 is returned to the
same posture as the initial posture (step S2). Even after
the area change movement, the processing in the step
S3 and the following steps are repeated.

[0056] Next will be described a second embodiment of
the present invention with reference to FIGS. 12 to 14.
The configuration common to the first embodiment and
the effect exhibited thereby will be omitted, and the points
different from the first embodiment will be mainly de-
scribed. The same member as the first embodiment has
the same sign as that of the first embodiment.

[0057] FIGS. 12 to 14 show a work machine 101 ac-
cording to the second embodiment. It is the same as the
first embodiment that the control unit 11 according to the
present embodiment serves as a lower-traveling-body
moving means of making the lower traveling body 21
perform an area change movement when the work by a
series of motions reaches a predetermined stage in a
state where the start position has reached the shift lim-
iting surface 75, whereas the movement distance of the
area change movement is different from the movement
distance L according to the firstembodiment, thatis, such
a distance that the after-movement posture for matching
the start position of the excavation motion immediately
before the area change movement with the start position
of the excavation motion immediately after the area
change movement is the same posture as the initial pos-
ture. The control unit 11 according to the present embod-
iment sets an after-movement posture that is the orien-
tation of the upper turning body 22 with respect to the
lower traveling body 21 (turning posture) after the area
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change movement so as to make the processing motion
by the series of motions after the area change movement
continued with the processing work before the area
change movement.

[0058] As shown in FIG. 12, when the movement dis-
tance of the area change movement is larger than the
movement distance L that is set in the first embodiment
as shown in FIG. 4, the control unit 11 changes the after-
movement posture from the initial posture to a posture
where the upper turning body 22 has been turned in a
direction reverse to the movement direction (leftward di-
rectionin the figure) fromthe initial posture so as to render
the start position of the excavation motion in the first se-
ries of motions after the area change movement of the
lower traveling body 21, namely, the after-movement
start position (point A1), a position on the shift limiting
surface 75.

[0059] On the other hand, as shown in FIG. 13, when
the movement distance is smaller than the movement
distance L shown in FIG. 4, the control unit 11 changes
the after-movement posture of the upper turning body 22
from the initial posture to a posture where the upper turn-
ing body 22 has been turned in the same direction as the
movement direction (rightward direction in the drawing)
so as to render the after-movement start position (point
A1) a position on the shift limiting surface 75.

[0060] FIGS. 12 and 13 show a posture change angle
Oc in each case, and the after-movement posture is set
to a posture where the upper turning body 22 has been
turned in the direction reverse to the movement direction
(leftward direction in FIG. 12) with respect to the lower
traveling body 21 by the posture change angle 6c from
the turning posture immediately before the area change
movement. In summary, the control of turning the upper
turning body 22 by the posture changing angle 6c after
the area change movement is performed, and the start
position is determined in the posture of the upper turning
body 22 after the turning. Before the area change move-
ment, the turning posture of the upper turning body 22 is
changed by a predetermined turning angle each time the
work by the repetition of the series of motions reaches a
predetermined stage. This causes also the start position
of the excavation moftion to be gradually shifted from the
first position A. As shown in FIG. 12, when the movement
distance of the area change movement of the lower
traveling body 21 is larger than the movement distance
L shown in FIG. 4, the posture change angle 6c corre-
sponding to the area change movement is larger than
the posture change angle of the upper turning body 22
from the initial posture to the turning posture immediately
before the area change movement. In contrast, as shown
in FIG. 13, when the movement distance of the area
change movement is smaller than the movement dis-
tance L shown in FIG. 4, the posture change angle 6c is
smaller than the posture change angle of the upper turn-
ing body 22 from the initial posture to the turning posture
immediately before the area change movement.

[0061] Furthermore, in the present embodiment, the
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trajectory that the tip of the attachment 30 (the tip of the
bucket 33) is to trace is corrected in accordance with the
after-movement posture of the upper turning body 22.
[0062] The setting of the after-movement posture set-
ting enables the processing work by the series of motions
after the area change movement to be suitably continued
with the processing work before the area change move-
ment.

[0063] The control unit 11 according to the presentem-
bodiment serves as a movement limit setting means of
setting a movement limiting position 88 of the lower
traveling body 21. In the present embodiment, the move-
ment limiting position 88 is set to such a position that the
processing work after the area change movement of the
lower traveling body 21 stopped at the movement limiting
position 88 is continued with the processing work before
the area change movement. More specifically, the move-
ment limiting position 88 is set so as to render the start
position of the excavation motion in the first series of
motions in a state where the area change movement of
the lower traveling body 21 is stopped at the movement
limiting position 88, namely, the after-movement start po-
sition (point A1), a position on the shift limiting surface
75. The control unit 11 serves as a lower-traveling-body
moving means of making the lower traveling body 21
perform the area change movement and stopping the
area change movement at the time when the lower
traveling body 21 reaches the movement limiting position
88. Such control of the area change movement enables
the processing work after the area change movement to
be suitably continued with the processing work before
the area change movement.

[0064] The movement limiting position 88 may be set
based on a work plan. For example, setting the move-
ment limiting position 88 on the boundary of the area in
which the work is planned allows work to be restrained
from deviating from the work plan. The movementlimiting
position 88, alternatively, may be set based on the posi-
tion of an obstacle or the like imaged by the imaging
device 26. Setting the movement limiting position 88 on
the front side of the position of the obstacle or the like
prevents the attachment 30 from interfering with the ob-
stacle or the like.

[0065] If the movement limiting position 88 is not set
and thereby the movement distance of the area change
movement of the lower traveling body 21 is permitted to
be excessively large, the after-movement start position
(point A1), which is the start position of the excavation
motion after the area change movement, may be deviat-
ed beyond the shift limiting surface 75 in the movement
direction, for example, as shown in FIG. 14.

[0066] Forthis case, itis preferable thatthe control unit
11 serves as a notification means of making a notification
device notify that the after-movement start position has
been deviated beyond the shift limiting surface 75. Spe-
cifically, it is preferable that the control unit 11 is config-
ured to make a display device display the deviation or
make a warning sound, etc. indicating the deviation out-
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put from the speaker, in a portable terminal (tablet termi-
nal, smartphone, etc.) carried by an administrator who
manages the operation of the work machine 101. That
is because the start of the excavation motion at a position
beyond the shift limiting surface 75 would enlarge a non-
working area where the processing work is not performed
either before or after the area change movement. Noti-
fying such a situation to an administrator or the like of
the work machine 1 can call attention to the administrator
or the like so as to prevent the excavation motion from
being performed at a start position deviated beyond the
shift limiting surface 75.

[0067] Preferably, the control unit 11 serves as a re-
verse traveling control means of moving the lower
traveling body 21 in the direction reverse to the move-
ment direction of the area change movement to make
the after-movement start position closer to the shift lim-
iting surface 75 as indicated by arrow Db shown in FIG.
14 when such an area change movement as to deviate
the after-movement start position (point A1) beyond the
shift limiting surface 75 as shown in FIG. 14 is performed.
The movement of the lower traveling body 21 in the re-
verse direction makes it possible to reduce an area in
which neither the processing work before the area
change movement nor the processing work after the area
change movement is performed, namely, the non-work-
ing area.

[0068] Also in the second embodiment, it is preferable
that a working area 80 is set as shown in FIGS. 12, 13
and 14. In the present embodiment, the turning posture
of the upper turning body 22 with respect to the lower
traveling body 21 is set so as to confine the tip of the
bucket 33 within the working area 80.

[0069] Alsointhe second embodiment, similarly to the
configuration shown in FIG. 6, the after-movement start
position (point A1) may be set so as to locate the after-
movement start position (point A1) upstream of the shift
limiting surface 75 in the movement direction (left side in
FIG. 6) in order to reduce a non-working area similar to
the non-working area 77 shown in FIG. 3. Specifically, in
the second embodiment, the after-movement posture,
which is the orientation of the upper turning body 22 with
respect to the lower traveling body 21 (turning posture)
for providing the after-movement start position, is set so
as to locate the after-movement start position (point A1)
upstream (left side in the drawing) of the shift limiting
surface 75 in the movement direction of the lower
traveling body 21.

[0070] Alsointhe second embodiment, similarly to the
configuration shown in FIG. 9, a control may be per-
formed so as to make motions of excavating the earth
and sand discharged to the earth removal position and
discharging it to a new earth removal position repeated.
In the second embodiment, the orientation of the upper
turning body 22 with respect to the lower traveling body
21 (turning posture) is set so as to allow the earth and
sand that has been discharged to the earth removal po-
sition to be excavated after the movement of the lower
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traveling body 21. Also in the second embodiment, the
processing motion is not limited to the excavation motion
by the bucket 33 but allowed to be also, for example, as
shown in FIG. 10, a motion of scraping the inclined sur-
face 85 with the bucket 33.

[0071] While embodiments of the present invention
have been described above, specific examples are illus-
trative only and, in particular, without limiting the inven-
tion, specific configurations and the like can be appropri-
ately designed. Also, the effects and effects described in
the embodiments of the invention have only enumerated
the most preferred effects and effects arising from the
present invention, and the effects and advantages of the
present invention are not limited to those described in
embodiments of the invention.

[0072] As has been described, provided is a work ma-
chine capable of continuing work by automatic operation
over a large area. The work machine includes a lower
traveling body, an upper turning body, a work device, and
a controller. The upper turning body is mounted on the
lower traveling body capably of turning. The work device
is rotatably attached to the upper turning body capably
of performing a processing motion for processing an ob-
ject. The controller controls driving of the upper turning
body and the attachment so as to make the upper turning
body and the work device perform a series of motions
including the processing motion by the work device a
plurality of times. The controller shifts a start position of
the processing motion included in the next series of mo-
tions in a turning direction of the upper turning body when
work performed by the series of motions reaches a pre-
determined stage. The work by the series of motions are
thereby performed with a change of the start position of
the excavation motion. Moreover, the controller makes
the lower traveling body perform an area change move-
ment for changing an area in which processing work
which is work performed by the series of motions is per-
formed, when the processing work reaches the prede-
termined stage in a state where the start position has
reached a predetermined shift limiting surface that de-
fines a limit of the shift of the start position in the turning
direction, and sets an after-movement start position,
which is a start position of the processing motion after
the area change movement, so as to make the process-
ing work after the area change movement and the
processing work before the area change movement con-
tinued with each other. The area change movement en-
ables work to be continued over a large area with the
continuity of the processing work after the area change
movement with the processing work before the area
change movement.

[0073] Preferably, the area change movement is a
movement in a direction of making an after-movement
posture which is a posture of the upper turning body with
respect to the lower traveling body at the after-movement
start position closer to an initial posture which is the pos-
ture of the upper turning body with respect to the lower
traveling body at the start position of the processing mo-
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tion included in the first series of motions. Thus making
the after-movement posture, which is the posture of the
upper turning body corresponding to the start position
immediately after the area change movement, closer to
the initial posture enables the processing work to be per-
formed over a large area even after the area change
movement while making the processing work after the
area change movement continued with the processing
work before the area change movement.

[0074] Preferably, the controller is configured to per-
form setting the after-movement posture to the same pos-
ture as the initial posture and setting a distance of the
area change movement so as to make the processing
work after the area change movement continued with the
processing work before the area change movement. The
thus set movementdistance enables the processing work
by the series of motions after the area change movement
to be suitably continued with the processing work before
the area change movement, in spite of the return of the
posture of the upper turning body after the area change
movement (after-movement posture) to the same pos-
ture as the initial posture.

[0075] Preferably, the controller is configured to make
the lower traveling body perform the area change move-
ment by a preset movement distance, and configured to
set the after-movement posture (i.e., the orientation of
the upper turning body with respect to the lower traveling
body after the area change movement) so as to make
the processing work by the series of motions after the
area change movement continued with the processing
work before the area change movement. This enables
the processing work after the area change movement to
be suitably continued with the processing work before
the area change movement by the setting of the turning
posture (orientation) of the upper turning body with re-
spect to the lower traveling body while performing the
area change movement by simple control of only moving
the lower traveling body by a preset movement distance.
[0076] Preferably, the controller is configured to make
a notification device notify that the after-movement start
position is deviated beyond the shift limiting surface by
the area change movement by the movement distance.
The notification can prompt an administrator of the work
machine or the like to prevent the excavation motion from
being performed from the after-movement start position
deviated beyond the shift limiting surface, thereby re-
straining a non-working area from occurring.

[0077] Preferably, the controller is configured to move
the lower traveling body in a direction reverse to a move-
ment direction of the area change movement when the
after-movement start position is deviated beyond the shift
limiting surface by the area change movement. The re-
verse movement of the lower traveling body allows the
after-movement start position deviated beyond the shift
limiting surface to be corrected in a direction of approach-
ing the shift limiting surface, thereby effectively reducing
the non-working area, i.e., the area where neither the
processing work before the area change movement nor
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the processing work after the area change movement is
performed.

[0078] The controller is preferably configured to stop
the area change movement when the lower traveling
body is made reach a preset movement limiting position
by the area change movement. This enables proper con-
trol of the area change movement to be performed by a
simple process of only comparing the actual position of
the lower traveling body with the preset movement limit-
ing position. For example, in the case of setting the move-
ment limiting position based on a work plan, the stop of
the area change movement of the lower traveling body
at the movement limiting position can effectively restrain
the work from being performed with deviation from the
work plan. Besides, in the case of setting the movement
limiting position on the front side of an obstacle or the
like, the stop of the area change movement of the lower
traveling body at the movement limiting position can re-
strain the work machine and the obstacle or the like from
interfering with each other.

[0079] The controller preferably makes the shift of the
start position within a preset working area. This can pre-
vent the work device from being deviated from the work-
ing area by the series of motions after the change of the
start position. Furthermore, it is preferable that the con-
troller sets the after-movement start position within the
working area so as to make the processing work after
the area change movement continued with the process-
ing work before the area change movement, which can
also prevent the work device from being deviated from
the working area by the series of motions after the area
change movement. For example, in the case of presence
of an obstacle or the like outside the working area, the
work device can be prevented from being into interfer-
ence with the obstacle or the like by the series of motions
either after the shift of the start position or after the area
change movement.

[0080] Preferably, the controlleris configured to setthe
after-movement start position to a position upstream of
the shift limiting surface in the movement direction. This
makes it possible to prevent a non-working area (area in
which neither the processing work before the area
change movement nor the processing work after the area
change movement is performed) from being caused by
the start of the processing motion at a position deviated
beyond the shift limiting surface (downstream position)
after the area change movement.

[0081] Forthe case where the processing motion is an
excavation motion of excavating earth and sand, itis pref-
erable that the controller is configured to make the upper
turning body and the work device repeat the series of
motions with a change of a height of a tip of the work
device in the processing motion. In this case, the area
change movement of the lower traveling body enables
excavation work to be performed over a large area.
[0082] For the case where the series of motions in-
cludes an earth removal motion of discharging earth and
sand to an earth removal position, it is preferable that the
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work machine further includes a soil amount detector that
detects an amount of soil at the earth removal position
and the controller is configured to move the shift limiting
surface in a direction reverse to the movement direction
when the amount of soil at the earth removal position
detected by the soil amount detectoris equal to or greater
than a preset allowable amount. The movement of the
shift limiting surface advances the timing of the start of
the area change movement to thereby enable the area
of the processing work to be changed by the area change
movement before the excess of the amount of soil at the
earth removal position.

[0083] Besides, forthe case where the processing mo-
tion is a motion of excavating earth and sand and the
series of motions includes an earth removal motion of
discharging earth and sand to the earth removal position,
it is preferable that the controller is configured to set the
after-movement start position so as to allow the earth
and sand that has been discharged to the earth removal
position to be excavated by the processing motion after
the area change movement. This enables the motions of
excavating the earth and sand that has been discharged
to the earth removal position after the area change move-
ment and discharging it to a new earth removal position
to be repeated, thereby enabling the work for moving the
earth and sand in the movement direction of the area
change movement to be performed over a large area.
[0084] The processing motion, alternatively, may be a
motion of scraping an inclined surface. Also in this case,
the area change movement of the lower traveling body
enables the work of forming a slope to be performed over
a large area.

Claims
1. A work machine comprising:

a lower traveling body capable of performing a
traveling motion;

an upper turning body mounted on the lower
traveling body capably of turning with respect to
the lower traveling body;

a work device rotatably attached to the upper
turning body capably of performing a processing
motion of processing an object; and

a controller that controls driving of the upper
turning body and the work device so as to make
the upper turning body and the work device per-
form a series of motions including the process-
ing motion by the work device a plurality of times,
wherein:

the controller is configured to perform: shifting
a start position of the processing motion includ-
ed in the next series of motions in a turning di-
rection of the upper turning body when process-
ing work which is work performed by the series
of motions reaches a predetermined stage;
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making the lower traveling body perform an area
change movement that is a movement for
changing an area in which the processing work
is performed when the processing work reaches
the predetermined stage in a state where the
start position has reached a predetermined shift
limiting surface that defines a limit of the shift of
the start positionin the turning direction; and set-
ting an after-movement start position, which is
a start position of the processing motion after
the area change movement, so as to make the
processing work after the area change move-
ment and the processing work before the area
change movement continued with each other.

The work machine according to claim 1, wherein the
area change movementis a movement in a direction
of making an after-movement posture which is a pos-
ture of the upper turning body with respect to the
lower traveling body at the after-movement start po-
sition closer to an initial posture which is a posture
of the upper turning body with respect to the lower
traveling body at the start position of the processing
motion included in the first series of motions.

The work machine according to claim 2, wherein the
controller is configured to perform setting the after-
movement posture to the same posture as the initial
posture and setting a distance of the area change
movement so as to make the processing work after
the area change movement continued with the
processing work before the area change movement.

The work machine according to claim 2, wherein the
controller is configured to make the lower traveling
body perform the area change movementby a preset
movement distance and configured to set the after-
movement posture so as to make the processing
work by the series of motions after the area change
movement continued with the processing work be-
fore the area change movement.

The work machine according to claim 4, wherein the
controller is configured to make a notification device
notify that the after-movement start position is devi-
ated beyond the shift limiting surface by the area
change movement by the movement distance.

The work machine according to claim 4 or 5, wherein
the controller is configured to move the lower
traveling body in a direction reverse to a direction of
the area change movement when the after-move-
ment start position is deviated beyond the shift lim-
iting surface by the area change movement by the
movement distance.

The work machine according to any of claims 1 to 3,
wherein the controller is configured to stop the area
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12.

13.
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change movement when the lower traveling body is
made reach a preset movement limiting position by
the area change movement.

The work machine according to any of claims 1to 7,
wherein the controller is configured to shift the start
position within a preset working area and configured
to set the after-movement start position within the
working area so as to make the processing work after
the area change movement continued with the
processing work before the area change movement.

The work machine according to any of claims 1 to 8,
wherein the controller is configured to set the after-
movement start position to a position upstream of
the shift limiting surface in a direction of the area
change movement.

The work machine according to any of claims 1 to 9,
wherein the processing motion is an excavation mo-
tion of excavating earth and sand, and the controller
is configured to make the upper turning body and
the work device repeat the series of motions with a
change of a height of a tip of the work device in the
processing motion.

The work machine according to claim 10, wherein
the series of motions includes an earth removal mo-
tion of discharging earth and sand to an earth re-
moval position, the work machine further comprising
a soil amount detector that detects an amount of soil
at the earth removal position, wherein the controller
is configured to move the shift limiting surface in a
direction reverse to a direction of the area change
movement when the amount of soil at the earth re-
moval position detected by the soil amount detector
isequalto orgreaterthan a preset allowable amount.

The work machine according to any of claims 1 to 9,
wherein: the processing motion is a motion of exca-
vating earth and sand; the series of motions includes
an earth removal motion of discharging earth and
sand to the earth removal position; and the controller
is configured to set the after-movement start position
so as to allow the earth and sand that has been dis-
charged to the earth removal position to be excavat-
ed by the processing motion after the area change
movement.

The work machine according to any of claims 1 to 9,
wherein the processing motion is a motion of scrap-
ing an inclined surface.
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