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Description
Technical Field

[0001] The present invention relates to a monitoring
system and a construction machine for monitoring a state
of the construction machine.

Background Art

[0002] In recent years, construction machines, such
as hydraulic excavators, have been known for detecting
a contour of a ground around such a construction ma-
chine, determining a stability of the construction machine
based on the detected contour, and preventing the con-
struction machine from being turned over in advance.
[0003] For instance, Patent Literature 1 discloses an
excavator for estimating a posture of the excavator at a
predetermined future time, based on: information con-
cerning a current position and orientation of the excava-
tor; a current posture of an excavating attachment; infor-
mation concerning a current contour of a working target
ground; and manipulation contents of an operator, and
calculating a stability of the excavator.

[0004] A slope is unstable. Hence, the slope may de-
cay due to an operation of a construction machine, e.g.,
traveling turn, during a work of the construction machine
on a land surface joined to the slope, and accordingly
the construction machine may be turned over. Particu-
larly, a land surface joined to a steep slope and inclined
thereto is more likely to decay. This results in increasing
the possibility that the construction machine is turned
over. Therefore, it is necessary to monitor a stability of
the construction machine and prevent the construction
machine from being turned over in advance during the
work of the construction machine on the land surface.
[0005] Patent Literature 1 fails to predict such a work
of the construction machine on the inclined land surface
joined to the slope, much less give consideration to the
drawbacks.

Citation List
Patent Literature

[0006] PatentLiterature 1: Japanese Unexamined Pat-
ent Publication No. 2016-172963

Summary of Invention

[0007] The present invention has been achieved to
solve the drawbacks, and has an object of providing a
monitoring system and a construction machine each ca-
pable of accurately determining whether a construction
machine working on an inclined land surface joined to a
slope is in an unstable state.

[0008] The presentinventors have obtained the knowl-
edge described below as a result of their studies con-
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cerning a stability of a construction machine working on
or around a slope. A construction machine working on
an inclined land surface joined to a slope becomes more
unstable as an angle between an inclination direction of
the slope and a longitudinal direction of a lower traveling
body approaches 90°. This is because an overload is
applied to the ground around a fulcrum edge of a crawler
composing the lower traveling body, resulting in increas-
ing the possibility that the slope decays.

[0009] Even when the slope has a relatively gentle in-
clination angle to the inclined land surface, an inclination
angle of the land surface to a horizontal plane may be
steep. In this case, the inclination angle of the slope to
the horizontal plane is steep as well. Accordingly, the
slope is highly likely to decay.

[0010] For the construction machine working on the
land surface joined to the slope, a contour sensor at-
tached to the construction machine detects a contour da-
ta measured not on the basis of the horizontal plane but
on the basis of a ground surface on which the construc-
tion machine stands. Hence, the inclination angle of the
slope represented by the contour data detected by the
contour sensor is shown as a gentle inclination angle.
This leads to an inaccurate determination concerning an
unstable state of the construction machine. The present
inventors have focused on the obtained knowledge and
conceived of the present invention.

[0011] A monitoring system according to one aspect
of the present invention monitors a state of a construction
machine includes: a lower traveling body which has a
longitudinal direction and travels in the longitudinal direc-
tion; an upper slewing body configured to be slewable
with respect to the lower traveling body; and a working
device mounted on the upper slewing body. The moni-
toring system includes: an acquisition part which ac-
quires contour data representing a contour of a landform
around the construction machine; a first slope angle cal-
culation part which calculates, based on the contour data,
a first slope angle representing an inclination angle of
the slope to a ground surface on which the construction
machine stands; an inclination sensor which detects a
ground surface angle representing an inclination angle
of the ground surface to a horizontal plane; a second
slope angle calculation part which calculates a second
slope angle representing an inclination angle of the slope
to the horizontal plane by adding the first slope angle to
the ground surface angle; arelative angle calculation part
which calculates a relative angle of the longitudinal di-
rection of the lower traveling body to an inclination direc-
tion of the slope; and a state determination part which
determines that the construction machine is in an unsta-
ble state when the second slope angle is larger than a
first threshold and the relative angle is larger than a sec-
ond threshold, and outputs a determination signal indi-
cating a determination result.
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Brief Description of Drawings
[0012]

Fig. 1 shows an exemplary hydraulic excavator serv-
ing as a construction machine on which a monitoring
system according to an embodiment of the present
invention is mounted.

Fig. 2 is a block diagram of the hydraulic excavator
shown in Fig. 1.

Fig. 3 shows an exemplary case where a determi-
nation is made as to whether the hydraulic excavator
is in an unstable state in the embodiment.

Fig. 4 shows another exemplary case where a de-
termination is made as to whether the hydraulic ex-
cavator is in an unstable state in the embodiment.
Fig. 5is a view of the hydraulic excavator located on
a land surface and seen downward from above.
Fig. 6 is a flowchart showing an operation of the hy-
draulic excavator shown in Fig. 2.

Description of Embodiments

[0013] Hereinafter, preferable embodiments of the
present invention will be described with reference to the
accompanying drawings.

[0014] Fig. 1 shows an exemplary hydraulic excavator
1 serving as a construction machine on which a monitor-
ing system according to an embodiment of the present
invention is mounted. The hydraulic excavator 1 includes
a lower traveling body 10 which can travel on a ground
G, an upper slewing body 12 mounted on the lower
traveling body 10, and a working device 14 mounted on
the upper slewing body 12. Hereinafter, an exemplary
configuration where the monitoring system is applied to
the hydraulic excavator 1 is described, but the present
invention should not be limited to the configuration. For
instance, the monitoring system is applicable to a wide
variety of construction machines, e.g., hydraulic cranes,
as long as such a construction machine includes a lower
traveling body, an upper slewing body, and a working
device.

[0015] In the embodiment, a direction perpendicularly
intersecting the ground G and extending upward there-
from s called an "up-direction”, and a direction extending
downward thereto is called a "down-direction". The up-
direction and the down-direction are collectively called
an "up-down direction". A forward direction in which the
lower traveling body 10 travels forward is called a "front-
direction", and a rearward direction in which the lower
traveling body 10 travels rearward is called a "rear-direc-
tion". The front-direction and the rear-direction are col-
lectively called a "front-rear direction". A direction per-
pendicularly intersecting the up-down direction and the
front-rear direction is called a "left-right direction". A left
side of a line extending from the rear-direction to the front-
direction with respect to the left-right direction is called a
"left-direction”, and a right side thereof is called a "right-
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direction". The lower traveling body 10 has a dimension
longer in the front-rear direction than a dimension in the
left-right direction. Thus, the lower traveling body 10 has
a longitudinal direction agreeing with the front-rear direc-
tion.

[0016] The lowertraveling body 10 and the upper slew-
ing body 12 constitute a machine body which supports
the working device 14. The upper slewing body 12 has
a slewing frame 16 and a plurality of elements mounted
thereon. The elements include an engine room 17 for
accommodating an engine, and a cab 18 serving as an
operator compartment. The lower traveling body 10 has
the longitudinal direction and travels in the longitudinal
direction. The lower traveling body 10 includes a pair of
crawlers. The upper slewing body 12 is mounted on the
lower traveling body slewably with respect thereto.
[0017] The working device 14 can perform operations
required for an excavation work and other necessary
works. The working device 14 includes a boom 21, an
arm 22, and a bucket 23. The boom 21 has a proximal
end and a distal end opposite to the proximal end. The
proximal end of the boom 21 is tiltably supported at a
front end of the slewing frame 16. Specifically, the prox-
imal end of the boom 21 is supported at the front end of
the slewing frame 16 rotatably about a horizontal axis.
The arm 22 has a proximal end and a distal end opposite
to the proximal end. The proximal end of the arm 22 is
supported atthe distal end of the boom 21 rotatably about
the horizontal axis. The bucket 23 is attached to the distal
end of the arm 22 rotatably thereabout.

[0018] The boom 21, the arm 22, and the bucket 23
are attached with a boom cylinder C1, an arm cylinder
C2, and a bucket cylinder C3, respectively. The boom
cylinder C1, the arm cylinder C2, and the bucket cylinder
C3 are configured by a plurality of extendable and re-
tractable hydraulic cylinders.

[0019] The boom cylinder C1 is located between the
upper slewing body 12 and the boom 21. The boom cyl-
inder C1 extends and retracts to cause the boom 21 to
tilt. The arm cylinder C2 is located between the boom 21
and the arm 22. The arm cylinder C2 extends and retracts
to rotate the arm 22. The bucket cylinder C3 is located
between the arm 22 and the bucket 23. The bucket cyl-
inder C3 extends and retracts to rotate the bucket 23.
[0020] Fig. 2 is a block diagram of the hydraulic exca-
vator 1 shown in Fig. 1. The hydraulic excavator 1 in-
cludes a controller 100, a contour sensor 101, an incli-
nation sensor 102, a posture sensor 103, a slewing sen-
sor 104, a boom manipulation device 105, an arm ma-
nipulation device 106, a bucket manipulation device 107,
a slewing manipulation device 108, a traveling manipu-
lation device 109, an alarming device 130, and a hydrau-
lic circuit 200.

[0021] In addition to the boom cylinder C1, the arm
cylinder C2, and the bucket cylinder C3 shown in Fig. 1,
the hydraulic circuit 200 includes a slewing motor M1, a
pair of left and right traveling motors M2L, M2R, a pair
of boom solenoid valves V1, a pair of arm solenoid valves
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V2, a pair of bucket solenoid valves V3, a pair of slewing
solenoid valves V4, a pair of left traveling solenoid valves
V5L, a pair of right traveling solenoid valves V5R, a boom
control valve V6, an arm control valve V7, a bucket control
valve V8, a slewing control valve V9, and a pair of left
and right traveling control valves V10L, V10R. The hy-
draulic circuit 200 is driven with a drive force of an unil-
lustrated engine, and further includes a hydraulic pump
for supplying a hydraulic fluid to each of the actuators
and a pilot pump for sending a pilot pressure to a pilot
port of each of the switch valves via a corresponding pilot
line.

[0022] The boom cylinder C1 extends and retracts in
response to the supply of the hydraulic fluid from the hy-
draulic pump, thereby performing a boom raising opera-
tion and a boom lowering operation for the boom 21.
[0023] The arm cylinder C2 extends and retracts in re-
sponse to the supply of the hydraulic fluid from the hy-
draulic pump, thereby performing an arm pulling opera-
tion and an arm pushing operation for the arm 22.
[0024] The bucket cylinder C3 extends and retracts in
response to the supply of the hydraulic fluid from the hy-
draulic pump, thereby performing a bucket scooping op-
eration and a bucket opening operation for the bucket 23.
[0025] The slewing motor M1 has a motor output shaft
bidirectionally rotatable in response to the supply of the
hydraulic fluid from the hydraulic pump. The slewing mo-
tor M1 causes the upper slewing body 12 coupled to the
motor output shaft to slew leftward or rightward.

[0026] Each of the traveling motor M2L and the
traveling motor M2R has a motor output shaft bidirection-
ally rotatable in response to the supply of the hydraulic
fluid from the hydraulic pump. The traveling motor M2L
and the traveling motor M2R cause the lower traveling
body 10 coupled to their motor output shafts to travel
forward or rearward. The traveling motor M2L and the
traveling motor M2R rotate at the same speed to thereby
allow the lower traveling body 10 to travel forward or rear-
ward. In contrast, the traveling motor M2L and the
traveling motor M2R rotate at different speeds to thereby
allow the lower traveling body 10 to turn.

[0027] The boom control valve V6 is composed of a
hydraulic pilot switch valve having a pair of boom pilot
ports. One of the pair of boom pilot ports of the boom
control valve V6 receives an input of a boom pilot pres-
sure. The boom control valve V6 opens in a direction
corresponding to the boom pilot port having received the
input of the boom pilot pressure at a stroke corresponding
to the inputboom pilot pressure. In this manner, the boom
control valve V6 changes a supply direction and a flow
rate of the hydraulic fluid with respectto the boom cylinder
C1.

[0028] The arm control valve V7 is composed of a hy-
draulic pilot switch valve having a pair of arm pilot ports.
One of the pair of arm pilot ports of the arm control valve
V7 receives an input of an arm pilot pressure. The arm
control valve V7 opens in a direction corresponding to
the arm pilot port having received the input of the arm
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pilot pressure at a stroke corresponding to the input arm
pilot pressure. In this manner, the arm control valve V7
changes a supply direction and a flow rate of the hydraulic
fluid with respect to the arm cylinder C2.

[0029] The bucket control valve V8 is composed of a
hydraulic pilot switch valve having a pair of bucket pilot
ports. One of the pair of bucket pilot ports of the bucket
control valve V8 receives an input of a bucket pilot pres-
sure. The bucket control valve V8 opens in a direction
corresponding to the bucket pilot port having received
the input of the bucket pilot pressure at a stroke corre-
sponding to input the bucket pilot pressure. In this man-
ner, the bucket control valve V8 changes a flow direction
and a flow rate of the hydraulic fluid with respect to the
bucket cylinder C3.

[0030] The slewing control valve V9 is composed of a
hydraulic pilot switch valve having a pair of slewing pilot
ports. One of the pair of slewing pilot ports of the slewing
control valve V9 receives an input of a slewing pilot pres-
sure. The slewing control valve V9 opens in a direction
corresponding to the slewing pilot port having received
the input of the slewing pilot pressure at a stroke corre-
sponding to the input slewing pilot pressure. In this man-
ner, the slewing control valve V9 changes a supply di-
rection and a flow rate of the hydraulic fluid with respect
to the slewing motor M1.

[0031] Eachofthetraveling controlvalves V10L, V10R
is composed of a hydraulic pilot switch valve having a
pair of traveling pilot ports. One of the pair of traveling
pilot ports of each of the traveling control valves VIOL,
V10R receives an input of a traveling pilot pressure. Each
of the traveling control valves VIOL, V10R opens in a
direction corresponding to the traveling pilot port having
received the input of the traveling pilot pressure at a
stroke corresponding to the input traveling pilot pressure.
In this manner, each of the traveling control valves V10L,
V10R changes a supply direction and a flow rate of the
hydraulic fluid with respect to each of the traveling motors
M2L, M2R.

[0032] Each of the pair of boom solenoid valves V1 is
located between the pilot pump and a corresponding one
of the pair of boom pilot ports of the boom control valve
V6. Each of the pair of boom solenoid valves V1 opens
or closes in response to an input of a boom instructive
signal representing an electric signal. Each of the pair of
boom solenoid valves V1 having received the input of
the boom instructive signal adjusts the boom pilot pres-
sure at a degree corresponding to the boom instructive
signal.

[0033] Each of the pair of arm solenoid valves V2 is
located between the pilot pump and a corresponding one
of the pair of arm pilot ports of the arm control valve V7.
Each of the pair of arm solenoid valves V2 opens or clos-
es in response to an input of an arm instructive signal
representing an electric signal. Each of the pair of arm
solenoid valves V2 having received the input of the arm
instructive signal adjusts the arm pilot pressure at a de-
gree corresponding to the arm instructive signal.
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[0034] Each of the pair of bucket solenoid valves V3
is located between the pilot pump and a corresponding
one of the pair of arm pilot ports of the bucket control
valve V8. Each of the pair of bucket solenoid valves V3
opens or closes in response to an input of a bucket in-
structive signal representing an electric signal. Each of
the pair of bucket solenoid valves V3 having received the
input of the bucket instructive signal adjusts the bucket
pilot pressure at a degree corresponding to the bucket
instructive signal.

[0035] Each of the pair of slewing solenoid valves V4
is located between the pilot pump and a corresponding
one of the pair of slewing pilot ports of the slewing control
valve V9. Each of the pair of slewing solenoid valves V4
opens or closes in response to an input of a slewing in-
structive signal representing an electric signal. The slew-
ing solenoid valve V4 having received the input of the
slewing instructive signal adjusts the slewing pilot pres-
sure at a degree corresponding to the slewing instructive
signal.

[0036] Each ofthe pairoftraveling solenoid valves V5L
is located between the pilot pump and a corresponding
one of the pair of traveling pilot ports of the traveling con-
trol valve VIOL. Each of the pair of traveling solenoid
valves V5L opens or closes in response to an input of a
slewing instructive signal representing an electric signal.
Each of the pair of traveling solenoid valves V5L having
received the input of the traveling instructive signal ad-
justs the traveling pilot pressure at a degree correspond-
ing to the traveling instructive signal.

[0037] Each ofthe pairoftraveling solenoid valves V5R
is located between the pilot pump and a corresponding
one of the pair of traveling pilot ports of the traveling con-
trol valve V10R. Each of the pair of traveling solenoid
valves V5R opens or closes in response to an input of a
slewing instructive signal representing an electric signal.
Each of the pair of traveling solenoid valves V5R having
received the input of the traveling instructive signal ad-
justs the traveling pilot pressure at a degree correspond-
ing to the traveling instructive signal.

[0038] The contour sensor 101 (an exemplary acqui-
sition part) acquires contour data representing a distance
distribution of a landform around the hydraulic excavator
1. The contour sensor 101 includes a three-dimensional
distance measurement sensor, such as a light detection
and ranging (LIDAR). The contour sensor 101 may in-
clude any sensor, e.g., a distance measurement sensor
using infrared light and a distance measurement sensor
using an ultrasonic wave, which can measure the dis-
tance distribution, as well as the LIDAR. In the embodi-
ment, the contour sensor 101 is attached to, for example,
the upper slewing body 12, the working device 14, or the
lower traveling body 10 so that a central line at an angle
of view therein extends diagonally downward in the front-
direction. Hereinafter, the contour sensor 101 will be de-
scribed as being attached to a lower surface of the work-
ing device 14 as shown in Fig. 3. The contour data rep-
resents, for example, distance image data where depth
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data each indicating a depth from the contour sensor 101
to the landform is arranged in a matrix form.

[0039] Theinclinationsensor 102 detects a ground sur-
face anglerepresenting aninclination angle of the ground
surface with which the lower traveling body 10 is in con-
tact to a horizontal plane. The inclination sensor 102 in-
cludes an inertial sensor serving as, for example, an ac-
celeration sensor and an angular velocity sensor. The
inclination sensor 102 detects, based on a detection sig-
nal from the inertial sensor, a ground surface angle by
using a strapped-down method, or other method.
[0040] The posture sensor 103 detects a posture of
the working device 14. The posture sensor 103 includes
aboom angle sensor 61, an arm angle sensor 62, and a
bucket angle sensor 63 each shown in Fig. 1. The boom
angle sensor 61 detects a rotational angle of the boom
21 with respect to the upper slewing body 12. The arm
angle sensor 62 detects a rotational angle of the arm 22
with respect to the boom 21. The bucket angle sensor
63 detects a rotational angle of the bucket 23 with respect
to the arm 22. Each of the boom angle sensor 61, the
arm angle sensor 62, and the bucket angle sensor 63 is
composed of a resolver or a rotary encoder.

[0041] The slewing sensor 104 detects a slewing angle
of the upper slewing body 12 with respect to the lower
traveling body 10. The slewing sensor 104 is composed
of, for example, a resolver or a rotary encoder.

[0042] The boom manipulation device 105 is com-
posed of an electricleverdevice. The electriclever device
includes a boom manipulation lever which receives a ma-
nipulation of an operator for the boom raising operation
or the boom lowering operation, and a manipulation sig-
nal generation part which inputs a manipulation amount
of the boom manipulation lever to the controller 100.
[0043] The arm manipulation device 106 is composed
of an electric lever device. The electric lever device in-
cludes an arm manipulation lever which receives a ma-
nipulation of the operator for the arm pulling operation or
the arm pushing operation, and a manipulation signal
generation part which inputs a manipulation amount of
the arm manipulation lever to the controller 100.

[0044] The bucket manipulation device 107 is com-
posed of an electricleverdevice. The electriclever device
includes a bucket manipulation lever which receives a
manipulation of the operator for the bucket scooping op-
eration or the bucket opening operation, and a manipu-
lation signal generation part which inputs a manipulation
amount of the bucket manipulation lever to the controller
100.

[0045] The slewing manipulation device 108 is com-
posed of an electriclever device. The electriclever device
includes a slewing manipulation lever which receives a
manipulation of the operator for causing the upper slew-
ing body 12 to slew rightward or leftward, and a manip-
ulation signal generation partwhich inputs a manipulation
amount of the slewing manipulation lever to the controller
100.

[0046] The traveling manipulation device 109 is com-
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posed of an electric lever device. The electric lever device
includes a traveling manipulation lever which receives a
manipulation of the operator for causing the lower
traveling body 10 to travel forward or rearward, and a
manipulation signal generation part which inputs a ma-
nipulation amount of the traveling manipulation lever to
the controller 100.

[0047] The controller 100 is composed of, forexample,
a microcomputer. The controller 100 includes a calcula-
tion unit 110 and an instruction unit 120. The calculation
unit 110 determines whether the hydraulic excavator 1
is in the unstable state. The instruction unit 120 controls
an operation of each of elements included in the hydraulic
circuit.

[0048] The instruction unit 120 includes a boom in-
struction part 121, an arm instruction part 122, a bucket
instruction part 123, a slewing instruction part 124, and
atraveling instruction part 125. The boom instruction part
121 inputs, to each of the pair of boom solenoid valves
V1, a boom instructive signal indicating a value corre-
sponding to the manipulation amount of the boom ma-
nipulation device 105. Thus, an opening degree of the
boom solenoid valve V1 is set to a value corresponding
to the manipulation amount of the boom manipulation
device 105.

[0049] The arm instruction part 122 inputs, to each of
the pair of arm solenoid valves V2, an arm instructive
signal indicating a value corresponding to the manipula-
tion amount of the arm manipulation device 106. Thus,
an opening degree of the arm solenoid valve V2 is set to
a value corresponding to the manipulation amount of the
arm manipulation device 106.

[0050] The bucket instruction part 123 inputs, to each
of the pair of bucket solenoid valves V3, a bucket instruc-
tive signal indicating a value corresponding to the ma-
nipulation amount of the bucket manipulation device 107.
Thus, an opening degree of the bucket solenoid valve
V3 is set to a value corresponding to the manipulation
amount of the bucket manipulation device 107.

[0051] The slewing instruction part 124 inputs, to the
slewing solenoid valve V4, a slewing instructive signal
indicating a value corresponding to the manipulation
amount of the slewing manipulation device 108. Thus,
an opening degree of the slewing solenoid valve V4 is
set to a value corresponding to the manipulation amount
of the slewing manipulation device 108.

[0052] Thetravelinginstruction part125inputs,toeach
of the pair of traveling solenoid valves V5L and the pair
of traveling solenoid valves V5R, a traveling instructive
signal indicating a value corresponding to the manipula-
tion amount of the traveling manipulation device 109.
Thus, an opening degree of each of the pair of traveling
solenoid valves V5L and the pair of traveling solenoid
valves V5R is set to a value corresponding to the manip-
ulation amount of the traveling manipulation device 109.
[0053] The calculation unit 110 includes a first slope
angle calculation part 111, a second slope angle calcu-
lation part 112, a state determination part 113, a relative
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angle calculation part 114, and a restriction part 115. The
first slope angle calculation part 111 calculates, based
on the contour data detected by the contour sensor 101,
a first slope angle.

[0054] Fig. 3 shows an exemplary case where a deter-
mination is made as to whether the hydraulic excavator
1is in an unstable state in the embodiment. Hereinafter,
the process executed by the first slope angle calculation
part 111 will be described with reference to Fig. 3. The
hydraulic excavator 1 works on a land surface 302 joined
to a slope 301. The slope 301 includes a slope having
an artificial inclined surface made by removing or adding
soil. The land surface 302 is connected to an upper end
of the slope 301. The land surface 302 is inclined to the
slope 301 with respect to a horizontal plane 303. A first
slope angle 61 represents an inclination angle of the
slope 301 to a ground surface SA on which the hydraulic
excavator 1 stands. Here, the hydraulic excavator is lo-
cated on the land surface 302, and thus the ground sur-
face SA serves as the land surface 302.

[0055] Fig. 5 is a view of the hydraulic excavator 1 lo-
cated on the land surface 302 and seen downward from
above. In Fig. 5, the reference sign "L0" denotes the lon-
gitudinal direction of the lower traveling body 10. The
reference sign "L1" denotes an inclination direction of the
slope 301. The reference sign "L2" denotes a longitudinal
direction of the working device 14, that is, a longitudinal
direction of the upper slewing body 12. The reference
sign "o" denotes a relative angle of the longitudinal di-
rection LO of the lower traveling body 10 to the inclination
direction L1 of the slope 301. The reference sign "p" de-
notes a slewing angle of the upper slewing body 12 to
the longitudinal direction LO of the lower traveling body
10. Here, the relative angle a is defined as being positive
in a clockwise direction with respect to the inclination
direction L1 of the slope 301. The slewing angle B is de-
fined as being positive in a clockwise direction with re-
spectto the longitudinal direction L0 of the lower traveling
body 10.

[0056] First, the first slope angle calculation part 111
transforms the contour data detected by the contour sen-
sor 101 to a coordinate system 500 of the hydraulic ex-
cavator 1. The coordinate system 500 is, for example, a
three-dimensional rectangular coordinate system de-
fined by an X-axis extending in the longitudinal direction
LO (front-rear direction), a Y-axis extending in the left-
right direction, and a Z-axis extending in the up-down
direction. The position of the contour sensor 101 attached
to the working device 14 in the coordinate system 500
shifts in accordance with the posture and the slewing
angle B of the working device 14.

[0057] The first slope angle calculation part 111 then
calculates the position of the contour sensor 101 in the
coordinate system 500 by using the detection signal from
the posture sensor 103 and the slewing angle 3 detected
by the slewing sensor 104. The first slope angle calcu-
lation part 111 specifies, from the calculated position of
the contour sensor 101, a relative positional relation be-
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tween a coordinate system of the contour sensor 101
and the coordinate system 500, and transforms, based
on the specified relative positional relation, the contour
data detected by the contour sensor 101 to contour data
of the coordinate system 500.

[0058] Meanwhile, a configuration where the contour
sensor 101 is arranged at the upper slewing body 12
requires the slewing angle B, but does not require the
detection signal from the posture sensor 103 when trans-
forming the contour data detected by the contour sensor
101 to the contour data of the coordinate system 500.
Another configuration where the contour sensor 101 is
arranged at the lower traveling body 10 maintains the
position of the contour sensor 101 in the coordinate sys-
tem 500. Thus, the detection signal from the posture sen-
sor 103 and the slewing angle B are unnecessary for
transforming the contour data to the contour data of the
coordinate system 500.

[0059] Subsequently, the first slope angle calculation
part 111 calculates the first slope angle 61 from the con-
tour data transformed to the coordinate system 500. In
this case, the first slope angle calculation part 111 de-
tects, from the contour data, a boundary L3 of the ground
surface SA with which the lower traveling body 10 is in
contact, and extracts, as a slope candidate region, a re-
gion falling within a predetermined range opposite to the
ground surface SA across the boundary L3. Next, the
first slope angle calculation part 111 sets a direction per-
pendicularly intersecting the boundary L3 as the inclina-
tion direction L1 of the slope 301, extracts, from the slope
candidate region, a data group on a line parallel to the
inclination direction LI, and obtains a regression line of
the extracted data group. The first slope angle calculation
part 111 then calculates, as the first slope angle 61, an
angle of the regression line to an X-Y plane, that is, an
angle tothe ground surface SA. Here, the first slope angle
calculation part 111 may determine that the contour data
does not contain the slope 301 when a coefficient of de-
termination of the regression line is equal to or smaller
than a predetermined value, and determine that the con-
tour data contains the slope 301 when the coefficient of
determination is larger than the predetermined value.
[0060] Alternatively, the first slope angle calculation
part 111 extracts, from the slope candidate region, data
groups on a plurality of lines parallel to the inclination
direction L1, obtains regression lines respectively for the
lines, and calculates a plurality of angles to the ground
surface SA for the regression lines respectively. The first
slope angle calculation part 111 may determine that the
contour data contains the slope 301 when each of the
angles is within a predetermined angle range and each
of the regression lines has a coefficient of determination
larger than a predetermined threshold. In this case, the
first slope angle calculation part 111 may calculate, as
the first slope angle 61, an average value of the angles
of the regression lines to the ground surface SA.

[0061] Referring backto Fig. 2, the second slope angle
calculation part 112 calculates a second slope angle 62
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by adding the first slope angle 61 calculated by the first
slope angle calculation part 111 toaground surface angle
00 detected by the inclination sensor 102. Referring to
Fig. 3, the second slope angle 62 represents an inclina-
tion angle of the slope 301 to the horizontal plane 303.
The ground surface angle 00 represents an inclination
angle of the ground surface SA (land surface 302) to the
horizontal plane 303. The first slope angle 61 represents
a slope angle to the ground surface SA. Therefore, the
second slope angle 62 representing the inclination angle
of the slope 301 to the horizontal plane 303 can be cal-
culated by adding the first slope angle 61 to the ground
surface angle 60.

[0062] The relative angle calculation part 114 calcu-
lates, based on the contour data detected by the contour
sensor 101, arelative angle o of the longitudinal direction
LO of the lower traveling body 10 to the inclination direc-
tion L1 of the slope 301 with reference to Fig. 5. Here,
the relative angle calculation part 114 transforms the con-
tour data to contour data of the coordinate system 500
of the hydraulic excavator 1, and calculates, based on
the transformed contour data, the inclination direction L1
of the slope 301 in the same manner as the first slope
angle calculation part 111. Further, the relative angle cal-
culation part 114 may calculate the relative angle o by
calculating an angle between an inclination direction L1’
obtained by projecting the inclination direction L1 of the
slope 301 onto the X-Y plane and the longitudinal direc-
tion LO of the lower traveling body 10. Alternatively, the
relative angle calculation part 114 may calculate the rel-
ative angle o by using the contour data transformed by
the first slope angle calculation part 111.

[0063] The state determination part 113 determines
whether the second slope angle 62 is larger than a first
threshold and whether the relative angle o calculated by
the relative angle calculation part 114 is larger than a
second threshold. The state determination part 113 fur-
ther determines that the hydraulic excavator 1 is in the
unstable state when the second slope angle 62 is larger
than the first threshold and the relative angle o is larger
than the second threshold. Conversely, the state deter-
mination part 113 determines that the hydraulic excava-
tor 1 is in a stable state when the second slope angle 62
is equal to or smaller than the first threshold, or the rel-
ative angle o is equal to or smaller than the second
threshold, and outputs a determination signal indicating
a determination result.

[0064] Referring to Fig. 5, the lower traveling body 10
has the dimension long in the front-rear direction, and
thus the hydraulic excavator 1 becomes more unstable
as the relative angle o approaches 90°. In this respect,
an angle of 80°, 75°, 60°, or other angle each smaller
than 90°is, for example, adoptable as the second thresh-
old. Moreover, the hydraulic excavator 1 becomes more
unstable as the second slope angle 62 approaches 90°.
In this respect, an angle of 80°, 75°, 60°, or other angle
each smaller than 90° is, for example, adoptable as the
first threshold.
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[0065] Fig. 4 shows another exemplary case where a
determination is made as to whether the hydraulic exca-
vator 1 is in an unstable state in the embodiment. In Fig.
3, the lower traveling body 10 has a relative angle o of
0° and the upper slewing body 12 has a slewing angle
of 0°. In contrast, in Fig. 4, the lower traveling body 10
has arelative angle o of 90° and the upper slewing body
has a slewing angle B of 90°. Here, a counterclockwise
moment of causing the hydraulic excavator 1 to be turned
over is larger in the case shown in Fig. 4 than in the case
shown in Fig. 3. From these perspectives, the hydraulic
excavator 1 is more highly likely to be turned over as the
slewing angle of the longitudinal direction L2 of the upper
slewing body 12 to the inclination direction L1 of the slope
301 approaches 0°.

[0066] Inthe embodiment, referring to Fig. 5, the state
determination part 113 calculates, based on the slewing
angle B (an exemplary first slewing angle) and the relative
angle o, a slewing angle y (an exemplary second slewing
angle) of the longitudinal direction L2 of the upper slewing
body 12 to the inclination direction L1 of the slope 301.
The state determination part 113 sets at least one of the
first threshold and the second threshold to a smaller val-
ue. This is because the hydraulic excavator 1 is more
highly likely to be turned over as the slewing angle y ap-
proaches 0°.

[0067] Moreover, the moment of causing the hydraulic
excavator 1 to be turned over increases as the position
of a leading end of the working device 14 shifts farther
away from the upper slewing body 12.

[0068] Hence, the state determination part 113 may
set at least one of the first threshold and the second
threshold to a smaller value as the position of the leading
end of the working device 14 shifts farther away from the
upper slewing body 12.

[0069] Besides, the hydraulic excavator 1 becomes
more unstable as the second slope angle 62 approaches
90°, and becomes much more unstable as the relative
angle a increases. Thus, while one of the first threshold
andthe second thresholdis setto arelatively larger value,
the other may be set to a relatively smaller value.
[0070] Referring to Fig. 3, the slope 301 is less likely
to decay as long as a distance from the hydraulic exca-
vator 1 to the slope 301 is equal to or longer than a pre-
determined. Here, the state determination part 113 may
calculate, based on the contour data, the distance from
the hydraulic excavator 1 to the slope 301, and determine
whether the hydraulic excavator is in the unstable state
only when the distance is equal to or shorter than the
predetermined distance.

[0071] The restriction part 115 restricts a traveling op-
eration of the lower traveling body 10 when the state de-
termination part 113 outputs a determination signal indi-
cating the unstable state of the hydraulic excavator 1. In
this case, the restriction part 115 suspends the lower
traveling body 10 from traveling in a direction of increas-
ing a degree of the unstable state and permits the lower
traveling body 10 to travel in a direction of decreasing a
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degree of the unstable state.

[0072] Referring to Fig. 3, the boundary between the
slope 301 and the land surface 302 and therearound is
likely to decay. Hence, the slope 301 becomes highly
likely to decay as a load around the boundary increases.
In this regard, in the case shown in Fig. 3, an overload
is applied to the ground around the fulcrum edge of the
crawler of the lower traveling body 10 when the lower
traveling body 10 travels forward, turns rightward while
traveling forward, or turns leftward while traveling for-
ward. As a result, the slope is highly likely to decay, and
the degree of the unstable state increases. In contrast,
in the case shown in Fig. 3, the load around the boundary
reduces when the lower traveling body 10 travels rear-
ward, turns rightward while traveling rearward, or turns
leftward while traveling rearward. Thus, the degree of the
unstable state on the slope 301 decreases.

[0073] Inthe case shown in Fig. 4, the load around the
boundary increases when the lower traveling body 10
turns leftward or rightward while traveling forward, and
turns leftward or rightward while traveling rearward.
Thus, the degree of the unstable state increases. In con-
trast, in the case shown in Fig. 4, the load around the
boundary does not increase even when the lower
traveling body travels forward or rearward. Thus, the de-
gree of the unstable state does not increase.

[0074] Ineach of the cases, the degree of the unstable
state is estimated to increase when the lower traveling
body 10 travels closer to the slope 301.

[0075] Under the circumstances, the restriction part
115 specifies a direction in which the lower traveling body
10 travels closer to the slope 301 as a direction of in-
creasing the degree of the unstable state, and suspends
the operation of the lower traveling body 10 when the
traveling manipulation device 109 receives an input of a
manipulation for moving the lower traveling body 10 in
the direction. In contrast, the restriction part 115 may
decelerate the operation of the lower traveling body 10
when the traveling manipulation device 109 receives an
input of a manipulation for moving the lower traveling
body 10 in the direction of degreasing the degree of the
unstable state. Furthermore, the restriction part 115 may
decelerate the operation of the lower traveling body 10
when the traveling manipulation device 109 receives an
input of a manipulation for allowing the lower traveling
body 10 to travel in a direction of unchanging the degree
of the unstable state. Here, the restriction part 115 suffi-
ciently determines whether to suspend the operation of
the lower traveling body 10 by using a table storing in
advance a manipulation corresponding to the relative an-
gle a at which the lower traveling body 10 travels in the
direction of increasing the degree of the unstable state.
[0076] The restriction part 115 suspends or restricts
the operation of the lower traveling body 10, for example,
in the manner described below. The restriction part 115
inputs a suspension request to the traveling instruction
part 125 when the traveling manipulation device 109 re-
ceives an input of a manipulation leading to an increase



15 EP 3 907 336 A1 16

in the degree of the unstable state. The traveling instruc-
tion part 125 thus inputs, to the traveling instruction part
125, a traveling instruction of closing each of the pair of
traveling solenoid valves V5L and the pair of traveling
solenoid valves V5R regardless of a manipulation
amount of the traveling manipulation device 109. The
traveling operation is consequently suspended. In con-
trast, the restriction part 115 inputs a deceleration re-
quest to the traveling instruction part 125 when the
traveling manipulation device 109 receives an input of
not increasing the degree of the unstable state. The
traveling instruction part 125 attenuates the traveling in-
struction having a value corresponding to the manipula-
tion amount of the traveling manipulation device 109 at
a predetermined attenuation ratio, and inputs the atten-
uated instruction to each of the pair of traveling solenoid
valves V5L and the pair of traveling solenoid valves V5R.
This decreases an opening degree of each of the pair of
traveling solenoid valves V5L and the pair of traveling
solenoid valves V5R in comparison with an opening de-
gree corresponding to the manipulation amount, and ac-
cordingly decelerates the traveling operation.

[0077] The alarming device 130 includes at least one
of a speaker for outputting a buzzer sound, an alarming
lump for outputting an alarm by emitting light, and a dis-
player for displaying an alarming message, each provid-
ed in the cab 18. When the state determination part 113
outputs a determination signal indicating an unstable
state of the hydraulic excavator 1, the alarming device
130 further notifies the operator of the unstable state of
the hydraulic excavator 1 by executing at least one of the
ways of: outputting a buzzer sound from the speaker;
turning on the alarming lump; and causing the displayer
to display the alarming message.

[0078] Fig. 6 is aflowchart showing an operation of the
hydraulic excavator 1 shown in Fig. 2. The flow is repeat-
ed atapredetermined cycle during adrive of the hydraulic
excavator 1. First, the inclination sensor 102 detects a
ground surface angle 60 representing an inclination an-
gle of the ground surface SA to the horizontal plane 303
(step S1). Next, the contour sensor 101 acquires contour
data representing a distance distribution of a landform
around the hydraulic excavator 1 (step S2). Then, the
first slope angle calculation part 111 transforms the ac-
quired contour data from the coordinate system of the
contour sensor 101 to the coordinate system 500 of the
hydraulic excavator 1 (step S3).

[0079] Subsequently, the first slope angle calculation
part 111 determines whether a distance from the lower
traveling body 10 to the slope 301, that is, a distance
from the lower traveling body 10 to the boundary L3 is
equal to or shorter than a predetermined distance (step
S4). When the distance from the lower traveling body 10
to the slope 301 is equal to or shorter than the predeter-
mined distance ("YES" in step S4), the first slope angle
calculation part 111 calculates afirst slope angle 61 (step
5). Conversely, when the distance from the lower
traveling body 10 to the slope 301 is longer than the pre-
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determined distance ("NO" in step S4), the flow finishes
there.

[0080] Next, the second slope angle calculation part
112 calculates a second slope angle 62 by adding the
first slope angle 61 calculated in step S6 to the ground
surface angle 60 detected in step S1 (step S6). The rel-
ative angle calculation part 114 then calculates a relative
angle o of the longitudinal direction LO of the lower
traveling body 10 to the inclination direction L1 of the
slope 301 (step S7).

[0081] Subsequently, the state determination part 113
determines whether the second slope angle 62 is larger
than a first threshold and the relative angle o is larger
than a second threshold (step S8). When the second
slope angle 02 is larger than the first threshold and the
relative angle o is larger than the second threshold
("YES" in step S8), the state determination part 113 de-
termines that the hydraulic excavator 1 is in an unstable
state (step S9). Conversely, when second slope angle
02 is equal to or smaller than the first threshold, or the
relative angle o is equal to or smaller than the second
threshold ("NO" in step S8), the state determination part
113 determines that the hydraulic excavator 1 is in the
stable state, and accordingly, the flow finishes there. The
restriction part 115 restricts a traveling operation of the
lower traveling body 10 in step S10. In this case, the
restriction part 115 sufficiently suspends the lower
traveling body 10 from traveling in a direction of increas-
ing a degree of the unstable state, and decelerating an
operation of the lower traveling body 10 in any other re-
maining direction.

[0082] Subsequently, the alarming device 130 outputs
an alarm to notify the operator of the unstable state of
the hydraulic excavator 1 (step S11).

[0083] As described above, the embodiment includes
calculating the second slope angle 62 representing the
inclination angle of the slope 301 not to the ground sur-
face SA but to the horizontal plane 303, and calculating
the relative angle o of the lower traveling body 10 to the
inclination direction of the slope 301. The embodiment
further includes evaluating a state of the hydraulic exca-
vator 1 based on the second slope angle 62 and the rel-
ative angle a. According to the embodiment, it is conse-
quently possible to accurately determine whether the hy-
draulic excavator 1 working on the inclined land surface
302 is in the unstable state, and prevent the hydraulic
excavator 1 from being turned over in advance.

Modifications

[0084] (1)Inthe embodiment, the slope 301 is detected
by using the contour data detected by the contour sensor
101, butthe presentinvention should not be limited there-
to. The hydraulic excavator 1 may detect the slope 301
by acquiring the contour data measured in advance from
amemory, or acquiring the contour data from an external
server via a communication therewith. In this case, the
first slope angle calculation part 111 may acquire a cur-
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rent position of the hydraulic excavator 1 from an unillus-
trated GPS sensor, plot the current position of the hy-
draulic excavator 1 onto the acquired contour data, and
then detect, from the contour data, the slope 301 around
the hydraulic excavator 1.

[0085] (2) Inthe embodiment, the electric lever device
is adopted for each of the boom manipulation device 105,
the arm manipulation device 106, the bucket manipula-
tion device 107, the slewing manipulation device 108,
and the traveling manipulation device 109, but the
presentinvention should not be limited thereto. A hydrau-
liclever device for outputting a pilot pressure correspond-
ing to a manipulation amount may be adopted instead.
Hereinafter, the traveling control valves VIOL and the
traveling control valves V10R are collectively called a
"traveling control valve", and the pair of traveling solenoid
valves V5L and the pair of traveling solenoid valves V5R
are collectively called a "traveling solenoid valve".
[0086] In this case, the traveling control valve has a
pilot port provided with a solenoid switch valve. The so-
lenoid switch valve inputs a pilot pressure from the hy-
draulic lever device to the pilot port of the traveling control
valve during a normal operation. In contrast, the solenoid
switch valve blocks an input of the pilot pressure to the
pilot port in response to an input of a suspension signal
from the restriction part 115. The traveling operation of
the lower traveling body 10 is consequently suspended.
[0087] The solenoid switch valve further inputs a pilot
pressure from the traveling solenoid valve to the pilot port
in response to an input of a restriction signal from the
restriction part 115. At this time, the pilot pressure cor-
responding to a manipulation amount output from the hy-
draulic lever device is depressurized by the solenoid
switch valve and input to the pilot port. The traveling op-
eration of the lower traveling body 10 is consequently
restricted.

Summary of embodiments

[0088] The technical features of the embodiments will
be summarized below.

[0089] A monitoring system according to one aspect
of the presentinvention monitors a state of a construction
machine includes: a lower traveling body which has a
longitudinal direction and travels in the longitudinal direc-
tion; an upper slewing body configured to be slewable
with respect to the lower traveling body; and a working
device mounted on the upper slewing body. The moni-
toring system includes: an acquisition part which ac-
quires contour data representing a contour of a landform
around the construction machine; a first slope angle cal-
culation part which calculates, based on the contour data,
a first slope angle representing an inclination angle of
the slope to a ground surface on which the construction
machine stands; an inclination sensor which detects a
ground surface angle representing an inclination angle
of the ground surface to a horizontal plane; a second
slope angle calculation part which calculates a second
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slope angle representing an inclination angle of the slope
to the horizontal plane by adding the first slope angle to
the ground surface angle; arelative angle calculation part
which calculates a relative angle of the longitudinal di-
rection of the lower traveling body to an inclination direc-
tion of the slope; and a state determination part which
determines that the construction machine is in an unsta-
ble state when the second slope angle is larger than a
first threshold and the relative angle is larger than a sec-
ond threshold, and outputs a determination signal indi-
cating a determination result.

[0090] Inthe configuration, the contour data represent-
ing the contour of the landform around the construction
machine is acquired. The first slope angle representing
the inclination angle of the slope to the ground surface
on which the construction machine stands is calculated
based on the contour data. The second slope angle rep-
resenting the inclination angle of the slope to the hori-
zontal plane is calculated by adding the first slope angle
to the ground surface angle representing the inclination
angle of the construction machine to the horizontal plane.
The construction machine is determined to be in the un-
stable state when the second slope angle is larger than
thefirstthreshold and the relative angle of the longitudinal
direction of the lower traveling body to the inclination di-
rection of the slope is larger than the second threshold.
[0091] As described above, this configuration includes
calculating the second slope angle representing the in-
clination angle of the slope not to the ground surface but
to the horizontal plane, and calculating the relative angle
of the lower traveling body to the inclination direction of
the slope. The configuration further includes determining,
based on the second slope angle and the relative angle,
whether the construction machine is in the unstable state.
Consequently, the configuration can accurately deter-
mine whether the construction machine working on the
inclined land surface joined to the slope is in the unstable
state.

[0092] In the aspect, it is preferable to further include
an alarming device which outputs an alarm when the de-
termination signal output from the state determination
part indicates the unstable state.

[0093] This configuration can prevent the construction
machine from being turned over in advance by outputting
the alarm when the unstable state is determined.
[0094] In the aspect, it is preferable to further include
a restriction part which restricts a traveling operation of
the lower traveling body when the determination signal
output from the state determination part indicates the un-
stable state.

[0095] This configuration can prevent the construction
machine from being turned over in advance by restricting
the traveling of the lower traveling body when the unsta-
ble state is determined.

[0096] In this aspect, it is preferable to further include
a slewing sensor which detects a first slewing angle rep-
resenting a slewing angle of the upper slewing body to
the lower traveling body. The state determination part
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preferably calculates, based on the relative angle and
the first slewing angle, a second slewing angle repre-
senting a slewing angle of the longitudinal direction of
the upper slewing body to the inclination direction of the
slope, and reduces at least one of the first threshold and
the second threshold as the second slewing angle de-
creases.

[0097] A moment of causing the construction machine
to be turned over to the slope increases as the second
slewing angle representing the slewing angle of the lon-
gitudinal direction of the upper slewing body to the incli-
nation direction of the slope decreases. This configura-
tion can accurately determine whether the construction
machine is in the unstable state in consideration of the
second slewing angle since atleast one of the first thresh-
old and the second threshold is reduced as the second
slewing angle decreases.

[0098] In the configuration, the restriction part prefer-
ably suspends the lower traveling body from traveling in
a direction of increasing a degree of the unstable state
and permits the lower traveling body to travel in a direc-
tion of decreasing a degree of the unstable state when
the state determination part determines the unstable
state.

[0099] This configuration can suspend the lower
traveling body from traveling in the direction of increasing
the non-stability and permitting the lower traveling body
to travel in the direction of decreasing the non-stability
when the state determination part determines the unsta-
ble state. This consequently makes it possible to prevent
the construction machine from being turned over in ad-
vance and permit the construction machine to evacuate
the place where it is and travel to a higher and stabler
place.

Claims

1. A monitoring system for monitoring a state of a con-
struction machine including: a lower traveling body
which has a longitudinal direction and travels in the
longitudinal direction; an upper slewing body config-
ured to be slewable with respectto the lower traveling
body; and a working device mounted on the upper
slewing body, the monitoring system comprising:

an acquisition part which acquires contour data
representing a contour of a landform around the
construction machine;

a first slope angle calculation part which calcu-
lates, based on the contour data, a first slope
angle representing an inclination angle of the
slope to a ground surface on which the construc-
tion machine stands;

an inclination sensor which detects a ground
surface angle representing an inclination angle
of the ground surface to a horizontal plane;

a second slope angle calculation part which cal-
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culates a second slope angle representing an
inclination angle of the slope to the horizontal
plane by adding the first slope angle to the
ground surface angle;

arelative angle calculation part which calculates
a relative angle of the longitudinal direction of
the lower traveling body to an inclination direc-
tion of the slope; and

a state determination part which determines that
the construction machine is in an unstable state
when the second slope angle is larger than a
first threshold and the relative angle is larger
than a second threshold, and outputs a deter-
mination signalindicating a determination result.

The monitoring system according to claim 1, further
comprising an alarming device which outputs an
alarm when the determination signal output from the
state determination partindicates the unstable state.

The monitoring system according to claim 1 or 2,
further comprising a restriction part which restricts a
traveling operation of the lower traveling body when
the determination signal output from the state deter-
mination part indicates the unstable state.

The monitoring system according to any one of
claims 1 to 3, further comprising:

a slewing sensor which detects a first slewing
angle representing a slewing angle of the upper
slewing body to the lower traveling body, where-
in

the state determination part calculates, based
on the relative angle and the first slewing angle,
a second slewing angle representing a slewing
angle of the longitudinal direction of the upper
slewing body to the inclination direction of the
slope, and reduces at least one of the first
threshold and the second threshold as the sec-
ond slewing angle decreases.

The monitoring system according to claim 3, wherein
the restriction part suspends the lower traveling body
from traveling in a direction of increasing a degree
of the unstable state and permits the lower traveling
body to travel in a direction of decreasing a degree
of the unstable state when the state determination
part determines the unstable state.

A construction machine comprising:

the monitoring system according to any one of
claims 1 to 5;

a lower traveling body;

an upper slewing body configured to be slewable
with respect to the lower traveling body; and

a working device mounted on the upper slewing
body.
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