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(54) WORKING MACHINE

(57)  Aworking machine, equipped with a working de-
vice (7) that extends to the outside of a machine body
(1), includes: a physical quantity detection sensor (15,
25, 31, 33, 35, 36, 37, 38, 39) that detects a physical
quantity concerning the working machine; a monitor (43)
that displays predetermined information (61, 63); and a
controller (51) that controls the monitor. The controller
includes a stress calculation section (53) that calculates
adistribution (63a) of stress applied to the working device
based on the physical quantity concerning the working
machine, detected by the physical quantity detection sen-
sor, and a display control section (57) that controls the
display of the predetermined information on the monitor.
The display control section controls the display on the
monitor so as to indicate the distribution of the stress
applied to the working device, calculated by the stress
calculation section, in conjunction with the movement of
the working device.
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Description
Technical Field

[0001] The presentinvention relates to a working ma-
chine, and more particularly to a technique for reducing
damage to a working device.

Background Art

[0002] In working machines such as construction ma-
chines, a great amount of stress may be generated in a
working device having structures such as a boom and
an arm due to excavation or other work. Especially in a
portion where stress is concentrated, fatigue is consid-
ered to accumulate and cause a failure. When the work-
ing machine must be stopped due to such a failure of the
working device, productivity and the like are affected, and
it is thus necessary to predict the failure in advance.
[0003] Therefore, there has been developed a tech-
nique capable of making an appropriate work plan and
maintenance plan for a hydraulic excavator in such a
manner that based on data representing distributions of
damage degrees (fatigue) accumulated in a component
ofthe working machine under a plurality of operating con-
ditions, distributions of fatigue accumulated in the com-
ponent of the working machine are displayed for respec-
tive operating conditions as images on a display screen
in a state where the distributions can be compared with
each other (Patent Document 1).

Prior Art Document
Patent Document

[0004] Patent Document 1: Japanese Patent Laid-
Open No. 2014-222003

Summary of the Invention
Problems to be solved by the Invention

[0005] However, according to the technique disclosed
in Patent Document 1, although it is possible to predict
a failure of the working device earlier than expected and
to take measures such as replacement of the working
device, it is not possible to reduce fatigue itself accumu-
lated in the working device. Therefore, in order to reduce
the fatigue of the working device, it has been necessary
to reduce stress applied to the working device by improv-
ing the skills of operators or by equalizing the skills.

[0006] For improving the skills of the operators or to
equalizing the skills, it is effective for an operator with
high skill (skilled person) to instruct an operator with low
skill (skill-developing person). However, during the in-
struction, conveying abstract information such as the im-
age and sense of excavation that the skilled person rec-
ognizes empirically, like the sounds of an engine and
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hydraulic equipment, changes in vibration, and the like,
to the skill-developing person does not make it possible
for the skill-developing person to satisfactorily recognize
the relationship between damage to the working device
and the movement of the machine body, and there has
been room for further improvement.

[0007] The presentinvention is made in consideration
of such problems, and its object is to provide a working
machine capable of specifically recognizing the relation-
ship between stress applied to a working device and a
movement of a machine body.

Means for Solving the Problems

[0008] In order to achieve the above object, an aspect
of the present invention is directed to a working machine
equipped with a working device that extends to the out-
side of a machine body, the working machine including:
a physical quantity detection sensor that detects a phys-
ical quantity concerning the working machine; a monitor
that displays predetermined information; and a controller
that controls the monitor. The controllerincludes a stress
calculation section that calculates a distribution of stress
applied to the working device based on the physical quan-
tity concerning the working machine, detected by the
physical quantity detection sensor, and a display control
section that controls the display of the predetermined in-
formation on the monitor. The display control section con-
trols the display on the monitor so as to indicate the dis-
tribution of the stress applied to the working device, cal-
culated by the stress calculation section, in conjunction
with a movement of the working device.

[0009] Thus, by displaying on the monitor the distribu-
tion of the stress applied to the working device, calculated
by the stress calculation section, in conjunction with the
movement of the working device, when the operation of
the machine body by an operator is an operation such
that fatigue accumulates in the working device, the op-
erator can understand in a physical sense that the oper-
ation is such that fatigue accumulates in the working de-
vice because the distribution of the stress applied to the
working device moved by the operation of the machine
body by the operator is displayed on the monitor in con-
junction with the movement of the working device.
[0010] As another aspect, it is preferable that the dis-
play of the predetermined information controlled by the
display control section includes a simulated view ob-
tained by simulating the working device, and the simu-
lated view indicates the distribution of the stress applied
to the working device, calculated by the stress calculation
section, in conjunction with a movement of the working
device.

[0011] Thus, by displaying on the monitor the distribu-
tion of the stress applied to the working device in con-
junction with the movement of the working device in the
simulated view obtained by simulating the working de-
vice, it can be visually and easily understood whether or
not the operation of the machine body by the operator is
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an operation such that fatigue accumulates in the working
device.

[0012] Asanotheraspect, itis preferable that the work-
ing machine further includes an attitude calculation sec-
tion that calculates an attitude of the working device
based on the physical quantity concerning the working
machine, detected by the physical quantity detection sen-
sor, and the simulated view is a pseudo image in which
the attitude of the working device calculated by the atti-
tude calculation section is in conjunction with the move-
ment of the working device.

[0013] Thus, the stress distribution being in conjunc-
tion with the movement of the working device is displayed
in the pseudo image being in conjunction with the attitude
of the working device calculated by the attitude calcula-
tion section, whereby the attitude of the working device
and the stress distribution can be visually recognized si-
multaneously.

[0014] Asanotheraspect, itis preferable that the work-
ing machine further includes an imaging device that im-
ages the working device, the display of the predeter-
mined information includes an image of the working de-
vice captured by the imaging device, and the stress dis-
tribution and the image of the working device indicated
in the simulated view are in conjunction with the move-
ment of the working device.

[0015] Thus, by displaying the simulated view and the
image of the working device captured by the imaging
device on the monitor in conjunction with the movement
ofthe working device, the distribution of the stress applied
to the working device can be recognized while the cap-
tured image of the actual working device is compared
with the simulated view.

[0016] As another aspect, it is preferable that the ma-
chine body is provided with an operating cabin where an
operator for operating the machine body rides, and the
monitor is disposed in the operating cabin.

[0017] Thus, by disposing the monitor in the operating
cabin where the operator for operating the machine body
rides, the operator can visually recognize the monitor
while operating the machine body, to understand in a
physical sense whether or not his or her operation is an
operation such that fatigue accumulates in the working
device.

[0018] Asanotheraspect, itis preferable that the work-
ing machine further includes a communication device
that performs wireless communication between the ma-
chine body and the monitor, and the monitor is provided
separately from the machine body.

[0019] Thus, by providing the communication device
that performs wireless communication between the ma-
chine body and the monitor provided separately from the
machine body, the distribution of the stress applied to
the working device can be recognized at a place away
from the machine body, such as a remote location.
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Advantageous Effects of the Invention

[0020] Accordingtothe working machine of the present
invention, by indicating on the monitor the distribution of
the stress applied to the working device, calculated by
the stress calculation section, in conjunction with the
movement of the working device, when the operation of
the machine body by an operator is an operation such
that fatigue accumulates in the working device, the op-
erator can understand in a physical sense that the oper-
ation is such that fatigue accumulates in the working de-
vice because the distribution of the stress applied to the
working device moved by the operation of the machine
body by the operator is displayed in conjunction with the
movement of the working device. It is thereby possible
to specifically recognize the relationship between the
stress applied to the working device and the movement
of the machine body.

Brief Description of the Drawings
[0021]

FIG. 1is a side view of a hydraulic excavator accord-
ing to a first embodiment.

FIG. 2 is a block diagram illustrating a connection
configuration of a controller according to the control
of the first embodiment.

FIG. 3 is an explanatory view for explaining informa-
tion displayed on the monitor according to the first
embodiment.

FIG. 4 is a block diagram illustrating a connection
configuration of a controller according to the control
of a second embodiment.

Mode for Carrying out the Invention
<First Embodiment>

[0022] A first embodiment of the present invention will
be described below with reference to the drawings.
[0023] Referring to FIG. 1, a side view of a hydraulic
excavator (machine body, working machine) 1 according
to the first embodiment is illustrated. The hydraulic ex-
cavator 1 is alarge hydraulic excavator operated at a site
such as a mine and is, for example, a machine having a
maximum front-rear length of 25 m, a maximum left-right
length of 7 m, and a maximum height of 15 m from the
ground. The hydraulic excavator 1 is normally operated
24 hours a day with three to four operators taking turns
each day. This hydraulic excavator 1 is provided with a
lower traveling body 2, an upper rotary body 3, and a
rotating device 4.

[0024] The lower traveling body 2 is a traveling device
of the hydraulic excavator 1, and a crawler-type lower
traveling body 2 is exemplified here. The upper rotary
body 3 is coupled to the lower traveling body 2 via a rotary
frame 3a and the rotating device 4 which form the lower
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skeleton of the upper rotary body 3. The rotating device
4 is a device capable of rotating the upper rotary body 3
relative to the lower traveling body 2. The rotating device
4 has a rotary bearing (not illustrated) provided therein,
and by the driving of a rotating hydraulic motor (not illus-
trated), the rotating device 4 can perform a rotating move-
ment to rotate the upper rotary body 3 around the rotary
bearing.

[0025] In the upper rotary body 3, an operating cabin
5, a front attachment (working device) 7, a housing 6,
and the like are mounted on the rotary frame 3a. The
operating cabin 5 is provided with various operating de-
vices for operating the hydraulic excavator 1. Thus, by
riding in the operating cabin 5, the operator can perform
various operations of the hydraulic excavator 1, such as
a rotating operation for operating the rotating device 4
and a work operation for operating the frontattachment 7.
[0026] The housing 6 houses machines such as an
engine and a hydraulic pump (not illustrated) and is dis-
posed behind the operating cabin 5. The front attachment
7 is provided at the front center of the upper rotary body
3 and includes a boom 10, an arm 11, and a bucket 12.
The base end of the boom 10 is axially supported by a
coupling pin (not illustrated) on the rotary frame 3a.
Hence the boom 10 is swingable relative to the rotary
frame 3a. The arm 11 is coupled to the front end of the
boom 10 so as to be rotationally movable in the vertical
direction, and the bucket 12 is coupled to the front end
of the arm 11 so as to be rotationally movable in the
vertical direction.

[0027] Here, a boom cylinder 10a is adjusted by hy-
draulic pressure for expansion and contraction to make
the boom 10 movable rotationally. Similarly, an arm cyl-
inder 11ais adjusted by hydraulic pressure for expansion
and contraction to make the arm 11 movable rotationally,
and a bucket cylinder 12a is adjusted by hydraulic pres-
sure for expansion and contraction to make the bucket
12 movable rotationally. Therefore, the front attachment
7 can appropriately adjust the boom cylinder 10a, the
arm cylinder 11a, and the bucket cylinder 12a for expan-
sion and contraction, thereby rotationally moving the
boom 10, the arm 11, and the bucket 12 as appropriate
to perform work and movements such as an excavating
movement, which will be described later.

[0028] The front attachment 7 is provided with a plu-
rality of sensors for detecting various physical quantities.
Specifically, a boom pressure sensor 10b is provided in
the boom cylinder 10a, an arm pressure sensor 11b is
provided in the arm cylinder 11a, and a bucket pressure
sensor 12b is provided in the bucket cylinder 12a. These
pressure sensors are capable of detecting pressures in
the respective cylinders. Hereinafter, the boom pressure
sensor 10b, the arm pressure sensor 11b, and the bucket
pressure sensor 12b are collectively referred to as a cyl-
inder pressure sensor 15.

[0029] A first goniometer 21, a second goniometer 22,
and a third goniometer 23 are provided at the coupling
portions of the rotary frame 3a, the boom 10, the arm 11,
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and the bucket 12. The first goniometer 21 is a sensor
for detecting a relative angle between the rotary frame
3a and the boom 10. The second goniometer 22 is a
sensor for detecting a relative angle between the boom
10 and the arm 11. The third goniometer 23 is a sensor
for detecting a relative angle between the arm 11 and
the bucket 12. Hereinafter, the first goniometer 21, the
second goniometer 22, and the third goniometer 23 are
collectively referred to as a front goniometer 25.

[0030] Moreover, the upper rotary body 3, the rotating
device 4, and the housing 6 are provided with a vehicle
body inclination goniometer 31, a rotation goniometer 33,
a hydraulic oil thermometer 35, an engine tachometer
36, a hydraulic pump discharge pressure gauge 37, a
hydraulic motor inlet pressure gauge 38, and an accel-
erometer 39. The vehicle body inclination goniometer 31
is a sensor for detecting an inclination angle indicating
the inclination of the hydraulic excavator 1 in the front-
rear and left-right directions. The rotation goniometer 33
is a sensor for detecting a relative angle between the
upper rotary body 3 and the lower traveling body 2. The
hydraulic oil thermometer 35 is a sensor for detecting the
temperature of hydraulic oil thatis supplied to a hydraulic
motor, a hydraulic cylinder, and the like by a hydraulic
pump (not illustrated).

[0031] The engine tachometer 36 is a rotation sensor
for detecting the rotational speed of the engine (not illus-
trated).

[0032] The hydraulic pump discharge pressure gauge

37 is a pressure sensor for detecting the pressure of the
hydraulic oil supplied from the hydraulic pump (not illus-
trated) to the hydraulic motor, the hydraulic cylinder, and
the like. The hydraulic motor inlet pressure gauge 38 is
a pressure sensor for detecting the pressure of hydraulic
oil supplied to the rotating hydraulic motor (notillustrated)
and the like. The accelerometer 39 is an acceleration
sensor for detecting the acceleration of vibration gener-
ated in the upper rotary body 3 and the lower traveling
body 2.

[0033] The operating cabin5is provided with a camera
41 and a monitor 43. The camera 41 is installed in the
operating cabin 5, for example, and is an imaging device
for imaging the front of the operating cabin 5. On the
monitor 43, various kinds of information on the hydraulic
excavator 1, such as the state and attitude of the hydrau-
lic excavator 1, are displayed. Note that the information
displayed on the monitor 43 will be described later.
[0034] Referring to FIG. 2, a connection configuration
of a controller 51 according to the control of the first em-
bodiment is illustrated in a block diagram. The controller
51 is a control device for performing the comprehensive
control of the hydraulic excavator 1 including the opera-
tion control of the engine, and the controller 51 includes
aninput/output device, a storage device (read-only mem-
ory (ROM), random-access memory (RAM), non-volatile
RAM, etc.), a central processing unit (CPU), and the like
and is disposed in the operating cabin 5 of the upper
rotary body 3, for example.
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[0035] The camera (imaging device) 41 and sensors
(physical quantity detection sensors) for detecting phys-
ical quantities concerning the machine body 1 are elec-
trically connected to the input side of the controller 51,
the sensors being the cylinder pressure sensor 15, the
front goniometer 25, the vehicle body inclination goniom-
eter 31, the rotation goniometer 33, the hydraulic oil ther-
mometer 35, the engine tachometer 36, the hydraulic
pump discharge pressure gauge 37, the hydraulic motor
inlet pressure gauge 38, the accelerometer 39, and the
like. Thereby, information on the pressure in each of the
boom cylinder 10a, the arm cylinder 11a, and the bucket
cylinder 12a is input from the cylinder pressure sensor
15, and information on the relative angle at each of the
coupling portions of the rotary frame 3a, the boom 10,
the arm 11, and the bucket 12 is input from the front
goniometer 25.

[0036] Further, to the input side of the controller 51,
information on the inclination angle of the hydraulic ex-
cavator 1 is input from the vehicle body inclination goni-
ometer 31, information on the relative angle between the
upper rotary body 3 and the lower traveling body 2 is
input from the rotation goniometer 33, and information
on the temperature of the hydraulic oil is input from the
hydraulic oil thermometer 35. Moreover, information on
the engine rotational speed is input from the engine ta-
chometer 36, information on the pressure of the hydraulic
oil supplied from the hydraulic pump to the hydraulic mo-
tor, the hydraulic cylinder, and the like is input from the
hydraulic pump discharge pressure gauge 37, informa-
tion on the pressure of the hydraulic oil supplied to the
rotating hydraulic motor and the like is input from the
hydraulic motor inlet pressure gauge 38, information on
the acceleration of vibration generated in the upper rotary
body 3 and the lower traveling body 2 is input from the
accelerometer 39, and information on the image of the
front of the operating cabin 5 is input from the camera 41.
[0037] The monitor 43 is electrically connected to the
output side of the controller 51, and by controlling the
monitor 43, various kinds of information on the hydraulic
excavator 1 can be reported to the operator who rides in
the operating cabin 5. Note that the information may be
input and output between each sensor and the controller
51 via a network such as a control area network (CAN)
or a local area network (LAN).

[0038] The controller 51 includes a stress calculation
section 53, an attitude calculation section 55, and a dis-
play control section 57. The stress calculation section 53
is a calculation section capable of calculating a stress
distribution applied to the front attachment 7. Specifically,
the stress calculation section 53 calculates a stress dis-
tribution generated at each position of the front attach-
ment 7 by using a numerical analysis method, such as
the finite element method, or a statistical method, such
as regression analysis, based on the information on the
physical quantity input from each of the cylinder pressure
sensor 15, the front goniometer 25, the vehicle body in-
clination goniometer 31, the rotation goniometer 33, the
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hydraulic oil thermometer 35, the engine tachometer 36,
the hydraulic pump discharge pressure gauge 37, the
hydraulic motor inlet pressure gauge 38, and the accel-
erometer 39. Further, the stress calculation section 53
calculates the stress distribution at least every time the
information on the physical quantity changes.

[0039] The attitude calculation section 55 is a calcula-
tion section capable of calculating the attitude of the front
attachment 7 based on the information on the relative
angle at each of the coupling portions of the rotary frame
3a, the boom 10, the arm 11, and the bucket 12, which
are input from the front goniometer 25. The attitude cal-
culation section 55 calculates the attitude of the front at-
tachment 7 every time the information on the relative an-
gle at each coupling portion input from the front goniom-
eter 25 changes. The display control section 57 is a con-
trol section that controls display on the monitor 43 based
on the stress distribution calculated by the stress calcu-
lation section 53, the attitude of the front attachment 7
calculated by the attitude calculation section 55, and the
image in front of the operating cabin 5 captured by the
camera 41.

[0040] Referring to FIG. 3, an explanatory diagram for
explaining information displayed on the monitor 43 ac-
cording to the firstembodiment is illustrated. On the mon-
itor 43, under the control of the display control section
57, animage of the front of the operating cabin 5 captured
by the camera 41 (hereinafter referred to as a frontimage
61) and a perspective view of the front attachment 7
(hereinafter referred to as a pseudo image 63) are dis-
played side-by-side on the left and right. The pseudo im-
age 63 is a view representing a simulated three-dimen-
sional perspective view of the front attachment 7 so as
to have the attitude of the front attachment 7 calculated
by the attitude calculation section 55, for example.
[0041] This pseudo image 63 is a perspective view
when viewed from a direction corresponding to a direc-
tion in which the camera 41 images the front attachment
7. In the pseudo image 63, a stress distribution 63a cal-
culated by the stress calculation section 53 is shown in,
for example, four stages such that the higher the stress,
the darker the color. Note that the color may be changed
in accordance with the degree of stress.

[0042] As a result, the attitude calculation section 55
calculates the attitude of the front attachment 7 every
time the information on the relative angle in each coupling
portion input from the front goniometer 25 changes, and
the stress calculation section 53 calculates the stress
distribution 63a every time the information on the physical
quantity input from each of the cylinder pressure sensor
15, the front goniometer 25, the vehicle body inclination
goniometer 31, the rotation goniometer 33, the hydraulic
oil thermometer 35, the engine tachometer 36, the hy-
draulic pump discharge pressure gauge 37, the hydraulic
motor inlet pressure gauge 38, and the accelerometer
39 changes, so thatthe operator can recognize the stress
distribution 63a of the front attachment 7 which changes
according to the operation of the hydraulic excavator 1
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simultaneously with the operation in what is called real
time. Further, the operator can compare the front image
61 and the pseudo image 63 to easily recognize the
stress distribution 63a in the front attachment 7.

[0043] As described above, the working machine ac-
cording to the first embodiment equipped with the front
attachment 7 that extends to the outside of the hydraulic
excavator includes: the sensors for detecting physical
quantities, such as the cylinder pressure sensor 15, the
front goniometer 25, the vehicle body inclination goniom-
eter 31, the rotation goniometer 33, the hydraulic oil ther-
mometer 35, the engine tachometer 36, the hydraulic
pump discharge pressure gauge 37, the hydraulic motor
inlet pressure gauge 38, and the accelerometer 39; the
monitor 43 for displaying predetermined information such
as the front image 61 and the pseudo image 63; and the
controller 51 for controlling the monitor 43.

[0044] The controller 51 includes: the stress calcula-
tion section 53 for calculating the stress distribution 63a,
which is a distribution of stress applied to the front at-
tachment 7, based on the physical quantities detected
by the sensors, such as the cylinder pressure sensor 15,
the front goniometer 25, the vehicle body inclination go-
niometer 31, the rotation goniometer 33, the hydraulic oil
thermometer 35, the engine tachometer 36, the hydraulic
pump discharge pressure gauge 37, the hydraulic motor
inlet pressure gauge 38, and the accelerometer 39; and
the display control section 57 for controlling the display
of the predetermined information on the monitor 43.
[0045] The display control section 57 controls the dis-
play on the monitor 43 so as to indicate the stress distri-
bution 63a in the front attachment 7, calculated by the
stress calculation section 53, in conjunction with the
movement of the front attachment 7.

[0046] Therefore, by indicating the stress distribution
63a in the front attachment 7 calculated by the stress
calculation section 53 on the monitor 43 in conjunction
with the movement of the front attachment 7, when the
operation of the hydraulic excavator 1 by the operator is
an operation such that fatigue accumulates in the front
attachment 7, the operator can understand in a physical
sense that the operation is an operation such that fatigue
accumulates in the front attachment 7.

[0047] When, for example, the operator is a person
(skill-developing person) still unfamiliar with the opera-
tion of the hydraulic excavator 1 and is operating the hy-
draulic excavator 1 under the instruction of a skilled per-
son, it is possible to operate the hydraulic excavator 1
and provide instruction for the operation while watching
the stress distribution 63a of the front attachment 7, so
that the skill of the skill-developing person in operating
the hydraulic excavator 1 under the instruction of the
skilled person can be improved satisfactorily.

[0048] The display of the predetermined information,
which is controlled by the display control section 57 and
displayed on the monitor 43, includes a simulated view
obtained by simulating the front attachment 7, and the
simulated view indicates the stress distribution 63a cal-
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culated by the stress calculation section 53 on the monitor
43 in conjunction with the movement of the front attach-
ment 7, so that it is possible to visually and easily under-
stand whether or not the operation of the hydraulic ex-
cavator 1 by the operatoris an operation such that fatigue
accumulates in the front attachment 7.

[0049] The attitude calculation section 55 is provided
to calculate the attitude of the front attachment 7 based
on the physical quantities detected by the sensors such
as the cylinder pressure sensor 15, the front goniometer
25, the vehicle body inclination goniometer 31, the rota-
tion goniometer 33, the hydraulic oil thermometer 35, the
engine tachometer 36, the hydraulic pump discharge
pressure gauge 37, the hydraulic motor inlet pressure
gauge 38, and the accelerometer 39, and the pseudo
image 63 in which the attitude of the front attachment 7
calculated by the attitude calculation section 55 is in con-
junction with the movement of the front attachment 7 is
displayed as a simulated view, so that the attitude of the
front attachment 7 and the stress distribution 63a can be
visually recognized simultaneously.

[0050] The camera41 forimaging the front attachment
7 is provided, the display of the predetermined informa-
tion includes the front image 61 captured by the camera
41, and the stress distribution 63a of the pseudo image
63 and the front image 61 are in conjunction with the
movement of the front attachment 7, so that the stress
distribution 63a of the front attachment 7 can be recog-
nized while the front image 61, which is an image of the
actual front attachment 7, is compared with the pseudo
image 63, which is a simulated view.

[0051] The hydraulic excavator 1 is provided with the
operating cabin 5 where the operator for operating the
hydraulic excavator 1 rides, and the monitor 43 is dis-
posed in the operating cabin 5, so that the operator can
visually recognize the monitor 43 while operating the hy-
draulic excavator 1, to understand in a physical sense
whether or not his or her operation is an operation such
that fatigue accumulates in the front attachment 7.

<Second Embodiment>

[0052] A second embodiment will be described below
with reference to FIG. 4.

[0053] Note that a description of the configuration and
effects common to the first embodiment are omitted, and
a description will be given of a portion different from the
first embodiment.

[0054] Referring to FIG. 4, a connection configuration
of a controller 151 according to the control of the second
embodiment is illustrated in a block diagram. The con-
troller 151 according to the second embodiment differs
in that a communication device 160 is connected instead
of the monitor 43 electrically connected to the output side
of the controller 51 according to the first embodiment.
[0055] The communication device 160 includes a first
communication device 161 and a second communication
device 162, and the first communication device 161 and
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the second communication device 162 can wirelessly
transmit and receive information to and from each other.
Specifically, the first communication device 161 is dis-
posed in the hydraulic excavator 1, and the second com-
munication device 162 is disposed in, for example, a
management center (remote location) 100 for managing
the hydraulic excavator 1. In the management center
100, a personal computer (PC) 143 for managing the
operation of the hydraulic excavator 1, the state of the
hydraulic excavator 1, and the like is disposed, and the
PC 143 is electrically connected to the second commu-
nication device 162 so as to be able to input and output
information.

[0056] Here,the controller 151 according to the second
embodiment corresponds to the controller 51 according
to the first embodiment, and the display control section
57 forms images similar to the front image 61 and the
pseudo image 63. The controller 151 transmits the front
image 61 and the pseudo image 63 to the PC 143 via
the communication device 160. Then, the PC 143 dis-
plays the front image 61 and the pseudo image 63 on
the screen.

[0057] The images thus displayed on the PC 143 can
be viewed by, for example, a skilled person located at
the management center 100 or an operator who remotely
operates the hydraulic excavator 1 from the management
center 100. Therefore, based on the image displayed on
the PC 143, the skilled person can instruct an operator
riding on the hydraulic excavator 1 and performing the
operation on an appropriate operation method of the hy-
draulic excavator 1 from the management center 100,
and the operator who remotely operates the hydraulic
excavator 1 can improve the operation technique of the
hydraulic excavator 1 by himself or herself.

[0058] As described above, the working machine ac-
cording to the second embodiment has the communica-
tion device 160 that performs wireless communication
between the hydraulic excavator 1 and the PC 143, and
the PC 143 is provided separately from the hydraulic ex-
cavator 1, so that the stress distribution 63a of the front
attachment 7 can be recognized at a place away from
the hydraulic excavator 1 such as the management cent-
er 100. Further, based on the stress distribution 63a of
the front attachment 7 thus recognized, the operator can
improve the operation technique of the hydraulic exca-
vator 1.

[0059] The above concludes the description of the
working machine according to the present invention, but
the present invention is not limited to the embodiments
described above and can be modified without departing
from the gist of the invention.

[0060] Forexample,although the presentembodiment
has been described using the hydraulic excavator 1, a
working machine including a working device such as a
wheel loader may be used.

[0061] In the present embodiment, the stress calcula-
tion section 53 has calculated the stress distribution 63a
of the front attachment 7 based on the information input
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from each of the cylinder pressure sensor 15, the front
goniometer 25, the vehicle body inclination goniometer
31, the rotation goniometer 33, the hydraulic oil thermom-
eter 35, the engine tachometer 36, the hydraulic pump
discharge pressure gauge 37, the hydraulic motor inlet
pressure gauge 38, and the accelerometer 39. However,
a sensor other than these sensors may be used, or some
of these sensors may not be used, so long as the stress
distribution 63a can be calculated based on the physical
quantity applied to the front attachment 7.

[0062] In the present embodiment, it has been exem-
plified that the numerical analysis method, such as the
finite element method, or the statistical method, such as
regression analysis, is used as the method for calculation
of the stress distribution 63a by the stress calculation
section 53. However, other calculation methods may be
used so long as the stress distribution 63a of the front
attachment 7 can be calculated.

[0063] In the present embodiment, the inside of the
operating cabin 5 has been exemplified as the place for
installation of the imaging device thatimages the front of
the operating cabin 5, but the imaging device may be
installed in the upper rotary body 3 outside the operating
cabin or may be installed at a position away from the
machine body.

[0064] In the present embodiment, the pseudo image
63 of the three-dimensional perspective view has been
used as the simulated view, but other simulated views
such as a netview and a six view may be used. Moreover,
the stress distribution 63a may be displayed so as to be
superimposed on the front image 61.

[0065] In the present embodiment, the front image 61
and the pseudo image 63 have been displayed side-by-
side on the left and right on the monitor 43, but only the
pseudo image 63 may be displayed. In order to compare
the degree of improvement in the operation of the hy-
draulic excavator 1 by the operator, one set of the front
image 61 superimposed on the stress distribution 63a
may be made, and two or more sets of the past set and
the present set may be simultaneously arranged and dis-
played in comparison with each other on the monitor 43.
[0066] Inthe second embodiment, the description has
been given using the PC 143 disposed in the manage-
ment center 100, but the front image 61 and the pseudo
image 63 may be displayed on a tablet terminal, and the
tablet terminal may be used at a corner of the work site
where the hydraulic excavator 1 can be observed visu-
ally.

[0067] In the second embodiment, it has been de-
scribed that the display control section 57 of the controller
151 disposed in the hydraulic excavator 1 forms images
similar to the front image 61 and the pseudo image 63,
but the display control section 57, the stress calculation
section 53, and the attitude calculation section 55 may
be disposed in the PC 143 to form images on the man-
agement center 100 side. In this case, the information
from each sensor or the camera 41 may be transmitted
to the PC 143 via the communication device 160.
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[0068] In the second embodiment, the front image 61
and the pseudo image 63 have been displayed on the
PC 143, but a microphone may be disposed in the hy-
draulic excavator 1 to acquire sound information, and the
operator who remotely operates the hydraulic excavator
1 at the management center 100 is caused to recognize
a sound similar to that acquired when the operator is
riding on the hydraulic excavator 1.

Explanation of Reference Signs
[0069]

1 hydraulic excavator (machine body, working ma-
chine)

7 front attachment (working device)

15 cylinder pressure sensor (physical quantity de-
tection sensor)

25 front goniometer (physical quantity detection sen-
sor)

31 vehicle body inclination goniometer (physical
quantity detection sensor)

33 rotation goniometer (physical quantity detection
sensor)

35 hydraulic oil thermometer (physical quantity de-
tection sensor)

36 engine tachometer (physical quantity detection
sensor)

37 hydraulic pump discharge pressure gauge (phys-
ical quantity detection sensor)

38 hydraulic motor inlet pressure gauge (physical
quantity detection sensor)

39 accelerometer (physical quantity detection sen-
sor)

41 camera (imaging device)

43 monitor

51, 151 controller

53 stress calculation section

55 attitude calculation section

57 display control section

63 pseudo image

63a stress distribution

143 PC (monitor)

160 communication device

Claims

1. A working machine equipped with a working device
that extends to an outside of a machine body, the
working machine comprising:

a physical quantity detection sensor that detects
a physical quantity concerning the working ma-
chine;

a monitor that displays predetermined informa-
tion; and

a controller that controls the monitor, wherein
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the controller includes

a stress calculation section that calculates a dis-
tribution of stress applied to the working device
based on the physical quantity concerning the
working machine, detected by the physical
quantity detection sensor, and

a display control section that controls display of
the predetermined information on the monitor,
and

the display control section controls the display
on the monitor so as to indicate the distribution
of the stress applied to the working device, cal-
culated by the stress calculation section, in con-
junction with a movement of the working device.

The working machine according to claim 1, wherein
the display of the predetermined information control-
led by the display control section includes a simulat-
ed view obtained by simulating the working device,
and

the simulated view indicates the distribution of the
stress applied to the working device, calculated by
the stress calculation section, in conjunction with the
movement of the working device.

The working machine according to claim 2, further
comprising an attitude calculation section that cal-
culates an attitude of the working device based on
the physical quantity concerning the working ma-
chine, detected by the physical quantity detection
sensor,

wherein the simulated view is a pseudo image in
which the attitude of the working device calculated
by the attitude calculation section is in conjunction
with the movement of the working device.

The working machine according to claim 2, further
comprising an imaging device that images the work-
ing device, wherein

the display of the predetermined information in-
cludes an image of the working device captured
by the imaging device, and

the stress distribution and the image of the work-
ing device indicated in the simulated view are in
conjunction with the movement of the working
device.

The working machine according to claim 1, wherein
the machine body is provided with an operating cabin
where an operator who operates the machine body
rides, and

the monitor is disposed in the operating cabin.

The working machine according to claim 1, further
comprising a communication device that performs
wireless communication between the machine body
and the monitor,
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wherein the monitor is provided separately from the
machine body.
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