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Description
TECHNICAL FIELD

[0001] The presentinvention relatestoawork machine
information collection system.

BACKGROUND ART

[0002] Conventionally, there has been proposed a fail-
ure diagnosis system in which the work machine and a
server are communicably connected to each other in or-
der to diagnose a failure of a work machine such as a
backhoe (see, for example, Patent Literature 1). In such
a system, the server collects an operation data from the
work machine and executes a failure diagnosis based on
the collected operation data.

CITATION LIST
PATENT LITERATURE

[0003] Patent Literature 1: JP 2014-25343 A

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] In the system of Patent Literature 1, when a
large amount of data is transmitted from the work ma-
chine side to the server, communication traffic increases
and a load is also applied to the communication device
of the work machine.

[0005] In view of the above problem, an object of the
present invention is to reduce communication traffic re-
lated to information collection when diagnosing a work
machine.

SOLUTION TO PROBLEM

[0006] The technical means of the present invention
for solving this technical problem is characterized in the
following respects.

[0007] A work machine information collection system
in which a work machine having an operation unit and a
server are communicably connected to each other,
wherein the work machine includes: an operation data
output unit that outputs an operation data corresponding
to an operation state of the operation unit; a determination
unit that determines whether not the operation data sat-
isfies a determination condition for determining whether
or not to transmit the operation data output by the oper-
ation data output unit to the server; and a first communi-
cation unit that transmits the operation data to the server
when the determination unit determines that the opera-
tion data satisfies the determination condition.

[0008] The server includes: a collection determination
unit that determines a collection data, which is an oper-
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ation data to be collected for diagnosis of the work ma-
chine, based on the operation data transmitted from the
first communication unit; and a second communication
unit that transmits a request signal for requesting trans-
mission of the collection data determined by the collec-
tion determination unit to the work machine, and the first
communication unit transmits the collection data corre-
sponding to the request signal to the server when the
request signal is received.

[0009] The server includes a diagnosis unit that diag-
noses a state of the operation unit based on the collection
data.

[0010] The work machine includes: a first determina-
tion unit that determines whether or not the operation
data satisfies a first determination condition for determin-
ing whether or not to issue a warning; and a warning unit
that issues a warning when the first determination unit
determines that the operation data satisfies the first de-
termination condition, the determination unit is a second
determination unit, the determination condition is a sec-
ond determination condition, the first determination con-
dition includes a first threshold value for determining a
state of a signal included in the operation data, and the
second determination condition includes a second
threshold value that is for determining a state of a signal
included in the operation data and is higher than the first
threshold value.

[0011] The work machine includes: a first determina-
tion unit that determines whether or not the operation
data satisfies a first determination condition for determin-
ing whether or not to issue a warning; and a warning unit
that issues a warning when the first determination unit
determines that the operation data satisfies the first de-
termination condition, the determination unit is a second
determination unit, the determination condition is a sec-
ond determination condition, the first determination con-
dition includes a first threshold value for determining a
state of a signal included in the operation data, and the
second determination condition includes a second
threshold value that is for determining a state of a signal
included in the operation data and is lower than the first
threshold value.

ADVANTAGEOUS EFFECTS OF INVENTION

[0012] According to the presentinvention, itis possible
to reduce communication traffic related to information
collection when diagnosing a work machine.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

Fig. 1 shows an overall view of a work machine in-
formation collection system.

Fig. 2 shows a block diagram of the work machine
information collection system.

Fig. 3is an explanatory diagram showing an example
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of threshold value determination.

Fig. 4 is an explanatory diagram showing an example
of threshold value determination.

Fig. 5 is a diagram showing an example of a diag-
nostic database.

Fig. 6 is a diagram showing an example of collection
data, determination values, and diagnosis results.
Fig. 7 is a flowchart for explaining a characteristic
processing operation of the present embodiment
(part 1).

Fig. 8 is a flowchart for explaining the characteristic
processing operation of the present embodiment
(part 2).

Fig. 9 is a flowchart for explaining the characteristic
processing operation of the present embodiment
(part 3).

Fig. 10 is a block diagram showing a configuration
of the work machine.

Fig. 11 shows an overall side view of the work ma-
chine.

DESCRIPTION OF EMBODIMENTS

[0014] Hereinafter, a work machine information collec-
tion system according to an embodiment of the present
invention will be described with reference to the draw-
ings.

[0015] The present system is used for diagnosing a
failure in a work machine which is a backhoe, for exam-
ple. First, the present system will be described together
with the configuration of the work machine.

[0016] Fig. 11 shows an example of the work machine.
AsshowninFig. 11,awork machine (backhoe) 1 includes
a traveling device 2 at a lower portion and a revolving
body 3 at an upper portion. The traveling device 2 adopts
a crawler type traveling device which includes a pair of
left and right traveling bodies 4 each having a rubber
cover band and is configured in a manner that both of
the traveling bodies 4 are driven by a traveling motor M.
A dozer 5 is provided at a front portion of the traveling
device 2.

[0017] The revolving body 3 includes a revolving base
12 supported on the traveling device 2 via a revolving
bearing 11 in a manner of being capable of revolving left
and right around a revolving axis in an up-down direction,
and a working device 13 (excavating device) provided at
a front portion of the revolving base 12. An engine, a
radiator, a driving seat 9, a fuel tank, a hydraulic oil tank,
and the like are provided on the revolving base 12. A
display device 25 for displaying various information re-
lated to the work machine 1 is provided around the driving
seat 9. The driving seat 9 is surrounded by a cabin 14
provided on the revolving base 12.

[0018] The workingdevice 13 includes a swing bracket
17 that is supported by a support bracket 16 which is
provided and offset slightly to the right from a central
portion in a left-right direction at a front portion of the
revolving base 12 in a manner of being capable of swing-
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ing horizontally around an axis in the up-down direction,
aboom 18 that is pivotally attached to the swing bracket
17 atits base side in amanner of being capable of rotating
around an axis in the left-right direction and is supported
in a manner of being capable of swinging vertically, an
arm 19 that is pivotally attached to a distal end of the
boom 18 in a manner of being capable of rotating about
an axis in the left-right direction and is supported in a
manner of being capable of swinging back and forth, and
a bucket 20 that is provided at a distal end of the arm 19
in a manner of being capable of performing a shoveling
and dumping operation.

[0019] The swing bracket 17 is swung by extension
and contraction of a swing cylinder provided in the re-
volving base 12, the boom 18 is swung by extension and
contraction of a boom cylinder 22 interposed between
the boom 18 and the swing bracket 17, the arm 19 is
swung by extension and contraction of an arm cylinder
23 interposed between the arm 19 and the boom 18, and
the bucket 20 is shoveled and dumped by extension and
contraction of a bucket cylinder 21 interposed between
the bucket 20 and the arm 19.

[0020] Fig. 10 is a block diagram showing a configu-
ration of the work machine. As shown in Fig. 10, the work
machine 1 includes a control device 100. The control
device 100 performs various controls of the work ma-
chine. The control device 100 outputs a control signal to
a control valve 90 that operates hydraulic actuators such
as the bucket cylinder 21, the boom cylinder 22, and the
arm cylinder 23, for example, a 3-position switching elec-
tromagnetic valve, thereby switching the control valve 90
to actuate the hydraulic actuators. The control device 100
outputs a control signal to a work lamp 91 to perform
illumination control such as turning on, blinking, and turn-
ing off the work lamp 91.

[0021] A plurality of sensors 101 to 106 are connected
to the control device 100. The sensor 101 measures a
pressure of a hydraulic oil discharged from a hydraulic
pump P1, that is, an output of the hydraulic pump P1.
The sensor 102 measures an output of a prime mover
92, that is, the rotation speed of the prime mover 92. The
sensor 103 measures a temperature of the hydraulic oil
(oil temperature). The sensor 104 measures an amount
of lubricant oil in bearings, gears, etc. The sensor 105 is
provided in the vicinity of the bearing or in a housing or
the like that supports the bearing, and measures an ac-
celeration or the like of the bearing. The sensor 106
measures a voltage of a storage battery such as a battery,
that is, an energy storage capacity.

[0022] Fig. 1 shows an overall view of a work machine
information collection system. As shown in Fig. 1, the
work machine information collection system includes a
data collection device 30 and a server 40.

[0023] The data collection device 30 is mounted on the
work machine 1 to collect operation data when an oper-
ation unit of the work machine 1 operates and transmit
the collected operation data to the server 40, or receive
data transmitted from the server 40. Here, various devic-
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es and the like are mounted on the work machine 1, and
all the devices that operate are referred to as operation
unit. The operation unit includes, for example, the work
lamp 91, the hydraulic pump P1, the prime mover 92, the
bearing, the hydraulic actuator, the control valve 90, the
battery, and the like. Note that the above-described op-
eration unitis merely an example and is not limited there-
to. Specifically, the operation data corresponding to the
operation state of the operation unit is data indicating
physical quantities of the operation unit. Examples of the
data include a value indicating vibrations generated in
the operation unit, a value indicating sound emitted by
the operation unit, a current value flowing through a pre-
determined portion of the operation unit, and a voltage.
[0024] Data other than the data indicating physical
quantities is also the operation data. For example, data
indicating atemperature of the hydraulic oil, an integrated
operation time (hour meter) of the work machine 1, and
a water temperature is also the operation data. The op-
eration data may include sales management data such
as a sales company that has sold the work machine, a
name of a customer who owns the work machine, a con-
tact address of the customer, presence or absence of a
maintenance contract, and a person in charge. The data
collection device 30 transmits operation data to be col-
lected, that s, collection data to the server 40 inresponse
to a request from the server 40 side.

[0025] The server 40 stores various data related to
maintenance and inspection, etc. of the work machine 1
and processes the data. The server 40 requests data
from the data collection device 30 and receives data
transmitted from the data collection device 30. In this
way, in the work machine information collection system,
various types of data are exchanged between the data
collection device 30 and the server 40, and thereby, man-
agement such as maintenance and inspection, etc. of
the work machine 1 can be performed.

[0026] Hereinafter, the work machine information col-
lection system will be described in detail by taking the
work machine 1 as an example.

[0027] Fig. 2 shows a block diagram of the work ma-
chine information collection system. As shown in Fig. 2,
the data collection device 30 is mounted on the work
machine 1 and connected to an in-vehicle network pro-
vided in the work machine 1. The in-vehicle network is,
for example, CAN, LIN, FlexRay, or the like, and various
signals (data) at the time when the work machine 1 op-
erates flow through the in-vehicle network. When the
work machine 1 operates, the data collection device 30
collects various data flowing through the in-vehicle net-
work and stores the collected data.

[0028] Specifically, the data collection device 30 in-
cludes an operation data output unit 31, a first determi-
nation unit 32, a second determination unit 33 (determi-
nation unit), and a first communication unit 34.

[0029] The operation data output unit 31 outputs op-
eration data corresponding to the operation state of the
operation unit. For example, the operation data output
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unit 31 outputs the operation data corresponding to the
operation state of the hydraulic pump P1 based on the
output result of the sensor 101 during the operation of
the hydraulic pump P1. In addition, for example, the op-
eration data output unit 31 outputs operation data corre-
sponding to the operation state of the bearing based on
the output of the sensor 105 during traveling of the work
machine 1. In addition, for example, when a switch for
lighting the work lamp 91 is turned on, operation data
corresponding to an operation state of the work lamp 91
is output based on a control signal output from the control
device 100 to the work lamp 91.

[0030] The first determination unit 32 determines
whether or not the operation data at the time when the
operation unit operates satisfies a first determination con-
dition for determining whether or not to issue a warning.
The warning here is performed, for example, by turning
on an unillustrated warning lamp which is provided at the
driving seat of the work machine 1 or sounding an alarm.
The first determination condition can be set using a first
threshold value, and for example, when a physical quan-
tity included in the operation data becomes equal to or
less than the first threshold value (or becomes equal to
or more than the first threshold value), a warning may be
issued.

[0031] The second determination unit 33 determines
whether or not the operation data satisfies a determina-
tion condition (second determination condition) for deter-
mining whether or not to transmit the operation data out-
put by the operation data output unit 31 to the server 40.
The second determination condition can be set using a
second threshold value which is less strict than the first
threshold value used to determine whether or not to issue
a warning.

[0032] Figs.3and4 are explanatory diagrams showing
an example of threshold value determination. For exam-
ple, as shown in Fig. 3, in a case that a warning is issued
when the physical quantity included in the operation data
becomes equal to or less than the first threshold value,
it is determined whether or not the physical quantity in-
cluded in the operation data falls below the second
threshold value which is higher than the first threshold
value, and when the physical quantity included in the
operation data falls below the second threshold value
before the warning is executed, it is determined to trans-
mit the operation data to the server 40.

[0033] Further, as shown in Fig. 4, in a case that a
warning is issued when the physical quantity included in
the operation data becomes equal to or more than the
first threshold value, it is determined whether or not the
physical quantity included in the operation data exceeds
the second threshold value which is lower than the first
threshold value, and when the physical quantity included
in the operation data exceeds the second threshold value
before the warning is executed, it is determined to trans-
mit the operation data to the server 40.

[0034] That is, the second determination condition is
a condition for determining whether or not the physical
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quantity included in the operation data has reached the
value corresponding to the warning, and is a condition
based on the second threshold value which is less strict
than the first determination condition (first threshold val-
ue) for determining whether or not the warning is to be
generated. Inother words, the second determination con-
dition is a condition for grasping that the physical quantity
included in the operation data is approaching the first
determination condition corresponding to the warning.
When the first determination condition (first threshold val-
ue) is set to 1000 (1.0), for example, the second deter-
mination condition (second threshold value) is set to
+20% (less than the first threshold value ~ 80% (0.8) of
the first threshold value, more than the first threshold
value ~ 1200 (1.2) of the first threshold value based on
the first determination condition (first threshold value).
The above-described second threshold value is an ex-
ample and is not limited thereto.

[0035] The first communication unit 34 performs radio
communication with the server 40 and is configured by
a communication device. When the second determina-
tion unit 33 determines that the physical quantity included
in the operation data satisfies the second determination
condition (second threshold value), that is, when the
physical quantity included in the operation data is ap-
proaching the firstdetermination condition (first threshold
value) corresponding to the warning, the first communi-
cation unit 34 transmits the operation data (first operation
data) to the server 40. When the first communication unit
34 receives a request signal to be described later from
the server 40, the first communication unit 34 transmits
the collection data (second operation data) correspond-
ing tothe request signal to the server40. Here, the thresh-
old values (the first threshold value, the second threshold
value) may be different for each operation unit.

[0036] When the first communication unit 34 transmits
the operation data and the collection data to the server
40, the first communication unit 34 also transmits the
machine identification information for identifying the work
machine 1 to the server 40. Thus, since the operation
data and the collection data are associated with the ma-
chine identification information, it is possible to grasp
which work machine 1 the operation data and the collec-
tion data correspond to.

[0037] The server 40 includes a diagnostic database
41. The diagnostic database 41 is a set of data in which
collection data is associated with operation data.
[0038] Fig. 5 is a diagram showing an example of the
diagnostic database 41. The diagnostic database 41 in-
cludes atable for determining the operation data (second
operation data) requested from the server 40 to the work
machine 1 (first communication unit 34) with respect to
the operation data transmitted from the work machine 1
(first communication unit 34), that is, the operation data
which is transmitted to the server 40 and satisfies the
second determination condition (referred to as first op-
eration data). That is, the diagnostic database 41 in-
cludes atable indicating a relation between the operation
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data (first operation data) transmitted from the first com-
munication unit 34 of the work machine 1 and the collec-
tion data (second operation data) in which the minimum
information necessary for the diagnosis of the work ma-
chine 1 is to be collected.

[0039] Forexample, as shownin Fig. 5, itis shown that
when the first operation data is the output of the hydraulic
pump P1, the second operation data are the pressure-
sensor value on the discharge side of the hydraulic pump
(the value detected by the sensor 101), the prime mover
rotation speed (the value detected by the sensor 102),
and the oil temperature (the value detected by the sensor
103).

[0040] Further, itis shown thatwhen the first operation
datais vibration, the second operation data are the prime
mover rotation speed, the value of the hour meter, the
output of the hydraulic pump P1, the amount of lubricant
oil (a value detected by the sensor 104), and the accel-
eration of the bearing (a value detected by the sensor
105).

[0041] Furthermore, it is shown that when the first op-
eration datais the voltage of the work lamp 91, the second
operation data is the input voltage and the output voltage
of the control device 100 and the voltage of the storage
battery (battery). Note that the first operation data and
the second operation data shownin Fig. 5 are an example
and are not limited thereto.

[0042] The server 40 further includes a collection de-
termination unit 42, a second communication unit43, and
a diagnosis unit 44. Based on the operation data (first
operation data) transmitted from the first communication
unit 34 of the work machine 1, the collection determina-
tion unit 42 determines the minimal information neces-
sary for the diagnosis of the work machine 1 as the col-
lection data (second operation data) which is the opera-
tion data to be collected. When the server 40 receives
(acquires) the first operation data, the collection deter-
mination unit 42 refers to the diagnostic database 41 to
determine the collection data. For example, as shown in
Fig. 5, when the first operation data is the output of the
hydraulic pump P1, the collection determination unit 42
determines that the pressure-sensor value, the prime
mover rotation speed, and the oil temperature are the
collection data. When the first operation data is vibration,
the collection determination unit 42 determines that the
prime mover rotation speed, the value of the hour meter,
the output of the hydraulic pump P1, the amount of lubri-
cant oil, and the acceleration of the bearing are the col-
lection data. Further, when the first operation data is the
voltage of the work lamp 91, the collection determination
unit 42 determines that the input voltage and the output
voltage of the control device 100 and the voltage of the
storage battery (battery) are the collection data.

[0043] Thesecond communicationunit43 performsra-
dio communication with the data collection device 30 via
a data communication network or the like to transmit a
request signal for requesting transmission of the collec-
tion data determined by the collection determination unit
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42 to the data collection device 30 or to receive the op-
eration data transmitted from the first communication unit
34. When receiving the request signal, the first commu-
nication unit 34 included in the data collection device 30
transmits the collection data corresponding to the request
signal to the server 40.

[0044] The diagnosis unit44 diagnoses the state of the
operation unit in accordance with a predetermined diag-
nosis logic (algorithm) based on the collection data trans-
mitted from the data collection device 30 side. The diag-
nosis unit 44 refers to the collection data and determines
the state of the operation unit based on whether or not
the collection data satisfies a preset diagnosis value.
[0045] Fig. 6 shows an example of the collection data,
the determination value, and the diagnosis result. In Fig.
6, "0" indicates that the collection data satisfies the de-
termination value, and "X" indicates that the collection
data does not satisfy the determination value. The deter-
mination value is determined for each piece of collection
data.

[0046] As shown in Fig. 6, when the collection data is
the pressure-sensor value, the prime mover rotation
speed, and the oil temperature, the diagnosis unit 44 de-
termines whether or not each of the pressure-sensor val-
ue, the prime mover rotation speed, and the oil temper-
ature satisfies the respective determination value. When
the pressure-sensor value is equal to or higher than the
determination value and the pressure sensor is operating
normally, when the prime mover rotation speed is equal
to or higher than the rotation speed (determination value)
at which the hydraulic pump P1 can be operated, and
when the oil temperature is equal to or higher than the
determination value (for example, -10 degrees or above)
and the viscosity of the hydraulic oil is low, the diagnosis
unit 44 diagnoses that the hydraulic pump P1 is abnormal
because the determination value is satisfied. On the other
hand, when the pressure-sensor value is less than the
determination value, the diagnosis unit44 diagnoses that
the sensor is abnormal; when the oil temperature is less
than the determination value, the diagnosis unit 44 diag-
noses that the viscosity of the hydraulic oil is high, that
is, the hydraulic oil is at a low temperature; and when the
prime mover rotation speed is less than the determination
value, the diagnosis unit 44 diagnoses that the prime
mover rotation speed is decreased.

[0047] When the collection data is the prime mover ro-
tation speed, the value of the hour meter, the output of
the hydraulic pump, the amount of lubricant oil, and the
acceleration of the bearing, the diagnosis unit 44 deter-
mines whether or not each of the prime mover rotation
speed, the value of the hour meter, the output of the hy-
draulic pump, the amount of lubricant oil, and the accel-
eration of the bearing satisfies the respective determina-
tion value. When the prime mover rotation speed is equal
to or higher than the determination value, when the value
of the hour meter is equal to or higher than the determi-
nation value, when the output of the hydraulic pump is
equal to or higherthan the determination value, and when
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the amount of lubricant oil is equal to or higher than the
determination value and only the acceleration of the bear-
ing is equal to or higher than the determination value (the
acceleration is large), the diagnosis unit 44 diagnoses
that the bearing is abnormal. On the other hand, when
the amount of lubricant oil is less than the determination
value, the diagnosis unit 44 diagnoses that the lubricant
oil is insufficient, and when the value of the hour meter
is equal to or higher than the determination value, the
diagnosis unit 44 diagnoses that deterioration due to ag-
ing has occurred.

[0048] Further, when the collection data is the input
voltage and the output voltage of the control device 100
and the battery voltage, the diagnosis unit 44 determines
whether or not each of the input voltage, the output volt-
age, and the battery voltage satisfies the respective de-
termination value. When an input voltage is equal to or
higher than the determination value and the control de-
vice 100 can operate normally with the input voltage, or
when an output voltage is equal to or higher than the
determination value and the output from the control de-
vice 100 is normal with the output voltage, the diagnosis
unit 44 determines that the work lamp 91 is abnormal.
On the other hand, when an input voltage is less than
the determination value and the control device 100 can-
not operate normally with the input voltage, a diagnosis
unit 44 diagnoses that the input voltage of the control
device 100 is abnormal, when an output voltage is less
than the determination value and the output from the con-
trol device 100 is abnormal with the output voltage, the
diagnosis unit 44 diagnoses that the output voltage of
the control device 100 is abnormal, and when the battery
voltage is equal to or less than the determination value,
the diagnosis unit 44 diagnoses that the battery voltage
is low.

[0049] Next, with reference to the flowchart of Fig. 7,
the characteristic processing operation of the present
embodiment will be described for the case where the
operation unit is the hydraulic pump P1.

[0050] First, when the engine is started and the work
machine 1 is driven, the first determination unit 32 includ-
ed in the data collection device 30 determines whether
or not the output value of the hydraulic pump P1 which
is the first operation data satisfies the first determination
condition for determining whether or not to issue a warn-
ing. Here, whether or notto issue awarning is determined
based on whether or not the output value of the hydraulic
pump P1, which is the first operation data, is equal to or
less than the first threshold value (S1).

[0051] When the output value of the hydraulic pump
P1 is equal to or less than the first threshold value (Yes
in S1), that is, when the first determination condition is
satisfied, a warning is issued by, for example, lighting an
unillustrated warning lamp provided at the driving seat
of the work machine 1 or sounding a buzzer (S2). Thus,
the operator who operates the work machine 1 can vis-
ually and aurally know the abnormality of the hydraulic
pump P1.
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[0052] Subsequently,the second determination unit33
included in the data collection device 30 determines
whether or not the output value of the hydraulic pump P1
satisfies the second determination condition for deter-
mining whether or not to transmit the output value of the
hydraulic pump P1 to the server 40. Here, based on
whether or not the output value of the hydraulic pump P1
is equal to or less than the second threshold value which
is higher than the first threshold value, it is determined
whether or not to transmit the output value of the hydraulic
pump P1 to the server 40 (S3). When No is determined
in Step S1, the process proceeds to Step S3 similarly,
and it is determined whether or not the output value of
the hydraulic pump P1 satisfies the second determination
condition.

[0053] When it is determined that the output value of
the hydraulic pump P1 should be transmitted to the server
40 according to the determination result (Yes in S3), that
is, when the second determination condition is satisfied,
the first communication unit 34 included in the data col-
lection device 30 performs a processing of transmitting
the output value of the hydraulic pump P1 to the server
40 (S4). When No is determined in Step S3, the process-
ing operation ends. When there is no abnormality on the
work machine 1 side, No is determined in Step S3 and
the process ends.

[0054] Next, on the server 40 side, based on the op-
eration data transmitted from the work machine 1, the
collection determination unit 42 determines the collection
data (pressure-sensor value, prime mover rotation
speed, oil temperature) which is the second operation
data necessary for diagnosis with reference to a prede-
termined table (S5). Then, based on the determination,
the second communication unit 43 transmits a request
signal for requesting the collection data (pressure-sensor
value, prime mover rotation speed, oil temperature) to
the data collection device 30 (S6). On the data collection
device 30 side, when the first communication unit 34 re-
ceives the request signal, the first communication unit 34
transmits the collection data (pressure-sensor value,
prime mover rotation speed, oil temperature) requested
by the request signal to the server 40 (S7).

[0055] Thus, the collection data necessary for diagno-
sis is determined based on the transmitted operation da-
ta, and the request signal for requesting the collection
data is transmitted based on the determination, thereby
the data to be collected by the server 40 side can be
narrowed down, and it is possible to suppress unneces-
sary transmission of a large amount of data from the data
collection device 30 side to the server 40 side.

[0056] The diagnosis unit 44 included in the server 40
diagnoses the state of the hydraulic pump P1 based on
the collection data (pressure-sensor value, prime mover
rotation speed, oil temperature) sent from the data col-
lection device 30 side (S8).

[0057] Next, a case where the operation unitis a bear-
ing will be described with reference to the flowchart of
Fig. 8.
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[0058] First, when the engine is started and the work
machine 1 is driven, the first determination unit 32 includ-
ed in the data collection device 30 determines whether
or not a vibration value of the bearing which is the first
operation data satisfies the first determination condition
for determining whether or not to issue a warning. Here,
whether or not to issue a warning is determined based
on whether or not the vibration value of the bearing, which
is the first operation data, is equal to or less than the first
threshold value (S11). When the vibration value of the
bearing is equal to or less than the first threshold value
(Yes in S11), that is, when the first determination condi-
tion is satisfied, a warning is issued by, for example, light-
ing an unillustrated warning lamp provided at the driving
seat of the work machine 1 or sounding a buzzer (S12).
Thus, the operator who operates the work machine 1 can
visually and aurally know the abnormality of the bearing.
[0059] Subsequently,the second determination unit33
included in the data collection device 30 determines
whether or not the vibration value of the bearing satisfies
the second determination condition for determining
whether or not to transmit the vibration value of the bear-
ing to the server 40. Here, based on whether or not the
vibration value of the bearing is equal to or less than the
second threshold value which is higher than the first
threshold value, it is determined whether or not to trans-
mit the vibration value of the bearing to the server 40
(S13). When No is determined in Step S11, the process
proceeds to Step S13 similarly, and it is determined
whether or not the vibration value of the bearing satisfies
the second determination condition.

[0060] When it is determined that the vibration value
of the bearing should be transmitted to the server 40 ac-
cording to the determination result (Yes in S13), that is,
when the second determination condition is satisfied, the
first communication unit 34 included in the data collection
device 30 performs a processing of transmitting the vi-
bration value of the bearing to the server 40 (S14). When
No is determined in Step S13, the processing operation
ends. When there is no abnormality on the work machine
1 side, No is determined in Step S13 and the process
ends.

[0061] Next, on the server 40 side, based on the op-
eration data transmitted from the work machine 1, the
collection determination unit42 determines the collection
data (the prime mover rotation speed, the value of the
hour meter, the output of the hydraulic pump P1, the
amount of lubricant oil, the acceleration of the bearing)
which is the second operation data necessary for diag-
nosis with reference to a predetermined table (S15).
Then, based on the determination, the second commu-
nication unit 43 transmits a request signal for requesting
the collection data (the prime mover rotation speed, the
value of the hour meter, the output of the hydraulic pump
P1, the amount of lubricant oil, the acceleration of the
bearing) to the data collection device 30 (S16). On the
data collection device 30 side, when the request signal
is received, the first communication unit 34 transmits, to
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the server 40, the collection data (the prime mover rota-
tion speed, the value of the hour meter, the output of the
hydraulic pump P1, the amount of lubricant oil, the ac-
celeration of the bearing) requested by the request signal
(S17).

[0062] The diagnosis unit 44 included in the server 40
diagnoses the state of the bearing based on the collection
data (the prime mover rotation speed, the value of the
hour meter, the output of the hydraulic pump P1, the
amount of lubricant oil, the acceleration of the bearing)
sent from the data collection device 30 side (S18).
[0063] Next,acase wherethe operationunitis the work
lamp 91 will be described with reference to the flowchart
of Fig. 9.

[0064] First, when the engine is started and the work
machine 1 is driven, the first determination unit 32 includ-
ed in the data collection device 30 determines whether
or not a voltage value of the work lamp 91 which is the
first operation data satisfies the first determination con-
dition for determining whether or not to issue a warning.
Here, whether or not to issue a warning is determined
based on whether or not the voltage value of the work
lamp 91, which is the first operation data, is equal to or
less than the first threshold value (S21). When the voltage
value of the work lamp 91 is equal to or less than the first
threshold value (Yes in S21), that is, when the first de-
termination condition is satisfied, a warning is issued by,
for example, lighting an unillustrated warning lamp pro-
vided at the driving seat of the work machine 1 or sound-
ing a buzzer (S22). Thus, the operator who operates the
work machine 1 can visually and aurally know the abnor-
mality of the work lamp 91.

[0065] Subsequently,the second determination unit33
included in the data collection device 30 determines
whether or not the voltage value of the work lamp 91
satisfies the second determination condition for deter-
mining whether or not to transmit the voltage value of the
work lamp 91 to the server 40. Here, based on whether
or not the voltage value of the work lamp 91 is equal to
or less than the second threshold value which is higher
than the first threshold value, it is determined whether or
not to transmit the voltage value of the work lamp 91 to
the server 40 (S23). When No is determined in Step S1,
the process proceeds to Step S23 similarly, and it is de-
termined whether or not the voltage value of the work
lamp 91 satisfies the second determination condition.
[0066] When itis determined that the voltage value of
the work lamp 91 should be transmitted to the server 40
according to the determination result (Yes in S23), that
is, when the second determination condition is satisfied,
the first communication unit 34 included in the data col-
lection device 30 performs a processing of transmitting
the voltage value of the work lamp 91 to the server 40
(S24). When No is determined in Step S23, the process-
ing operation ends. When there is no abnormality on the
work machine 1 side, No is determined in Step S23 and
the process ends.

[0067] Next, on the server 40 side, based on the op-
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eration data transmitted from the work machine 1, the
collection determination unit42 determines the collection
data (the input voltage and the output voltage of the con-
trol device 100, the battery voltage) which is the second
operation data necessary for diagnosis with reference to
a predetermined table (S25) . Then, based on the deter-
mination, the second communication unit 43 transmits a
request signal for requesting the collection data (the input
voltage and the output voltage of the control device 100,
the battery voltage) to the data collection device 30 (S26).
[0068] Onthe data collection device 30 side, when the
request signal is received, the first communication unit
34 transmits, to the server 40, the collection data (the
input voltage and the output voltage of the control device
100, the battery voltage) requested by the request signal
(S27) .

[0069] The diagnosis unit 44 included in the server 40
diagnoses the state of the work lamp 91 based on the
collection data (the input voltage and the output voltage
of the control device 100, the battery voltage) sent from
the data collection device 30 side (S28).

[0070] In order to execute all the diagnoses as in the
prior art, it is necessary to transmit a large amount of
data from the work machine 1 to the server 40 from the
beginning. In this regard, according to the present em-
bodiment, it is possible to narrow down the data to be
transmitted by once determining whether or not diagnosis
is necessary on the work machine 1 side (Steps S3, S13,
S23 described above). On the server 40 side, the overall
communication traffic can be reduced by requesting only
the data necessary for diagnosis from the work machine
1 side (Steps S6, S16, S26 described above).

[0071] Although the backhoe is exemplified in the
present embodiment, the application object of the
present invention is not limited thereto, and the present
invention can be applied to various work machines, for
example, agricultural machines such as tractor, com-
bined harvester, and rice transplanter, and construction
machines such as compact track loader and skid steer
loader.

[0072] It should be understood that the embodiments
disclosed herein are illustrative in all respects and are
not restrictive. The scope of the present invention is de-
fined not by the above description but by the claims, and
is intended to include all modifications within the meaning
and scope equivalent to the claims.

REFERENCE SIGNS LIST
[0073]

Work machine
Traveling device
Revolving body
Traveling body
Dozer

Driving seat
Revolving bearing

- O o~ OON -

-
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12 Revolving base

13 Working device

14 Cabin

16 Support bracket

17 Swing bracket

18 Boom

19 Arm

20 Bucket

21 Bucket cylinder

22 Boom cylinder

23 Arm cylinder

25 Display device

30 Data collection device

31 Operation data output unit
32 First determination unit

33 Second determination unit
34 First communication unit
40 Server

41 Diagnostic database

42 Collection determination unit
43 Second communication unit
44 Diagnosis unit

20 Control valve

91 Work lamp

92 Prime mover

100  Control device

101 Sensor

102  Sensor

103  Sensor

104  Sensor

105 Sensor

106  Sensor

M Traveling motor

P1 Hydraulic pump

Claims

1. A work machine information collection system in

2,

which a work machine having an operation unit and
a server are communicably connected to each other,
wherein

the work machine includes:

an operation data output unit that outputs an op-
eration data corresponding to an operation state
of the operation unit;

adetermination unitthat determines whether not
the operation data satisfies a determination con-
dition for determining whether or not to transmit
the operation data output by the operation data
output unit to the server; and

a first communication unit that transmits the op-
eration data to the server when the determina-
tion unit determines that the operation data sat-
isfies the determination condition.

The work machine information collection system ac-
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cording to claim 1, wherein
the server includes:

a collection determination unit that deter-
mines a collection data, which is an opera-
tion data to be collected for diagnosis of the
work machine, based on the operation data
transmitted from the first communication
unit; and

a second communication unit that transmits
arequestsignal for requesting transmission
of the collection data determined by the col-
lection determination unit to the work ma-
chine, and

the first communication unit transmits the col-
lection data corresponding to the request signal
tothe serverwhen the requestsignalis received.

The work machine information collection system ac-
cording to claim 2, wherein

the server includes a diagnosis unit that diagnoses
a state of the operation unit based on the collection
data.

The work machine information collection system ac-
cording to any one of claims 1 to 3, wherein

the work machine includes:

a first determination unit that determines
whether or not the operation data satisfies
a first determination condition for determin-
ing whether or not to issue a warning; and
a warning unit that issues a warning when
the first determination unit determines that
the operation data satisfies the first deter-
mination condition,

the determination unitis a second determination
unit,

the determination condition is a second deter-
mination condition,

the first determination condition includes a first
threshold value for determining a state of a sig-
nal included in the operation data, and

the second determination condition includes a
second threshold value that is for determining a
state of a signal included in the operation data
and is higher than the first threshold value.

5. The work machine information collection system ac-

cording to any one of claims 1 to 3, wherein
the work machine includes:

a first determination unit that determines
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whether or not the operation data satisfies
a first determination condition for determin-
ing whether or not to issue a warning; and
a warning unit that issues a warning when
the first determination unit determines that
the operation data satisfies the first deter-
mination condition,

the determination unitis a second determination
unit,

the determination condition is a second deter-
mination condition,

the first determination condition includes a first
threshold value for determining a state of a sig-
nal included in the operation data, and

the second determination condition includes a
second threshold value that is for determining a
state of a signal included in the operation data
and is lower than the first threshold value.
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FIG. 7
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