REMOTE MONITERING SYSTEM FOR ROBCT

Technical Field
[0001] The present invention relates to a remote
monitoring system for monitoring the state of a robot at a

location remote from the user site.

Background Art

[0002] A robot such as industrial robot causes, due to its
long-term use, deterioration of equipment configuring the
robot drive system for driving the robot arm and the robot
external shaft (for example, friction of the gear of the
reduction gear), thereby the operation accuracy of the
robot is reduced. Further, if such a state is left
unattended, the equipment configuring the robot drive
system is damaged and the robot breaks down.

[0003] 1In the industrial robot installed in the production
line, when the robot breaks down, the entire production
line is stopped, productivity is lowered, and the
production plan is obstructed. Therefore, there is a
market demand that preventive maintenance is carried out
before a failure occurs in the robot to prevent a failure
in advance.

[0004] In order to meet the market demand, for example, a
method can be considered in which the residual life of the
equipment is estimated based on the design life of the

equipment (reduction gear or the like) configuring the



drive system of the robot and the operation time of the
robot up to the present day.

[0005] However, there are some cases where the robot
operation condition which is assumed when determining the
design life of the eguipment is significantly different
from the robot operation condition in actual operation.
Therefore, in the method of estimating the residual life of
the equipment based on the design life of the equipment and
the robot operation time up to the present day, it is
difficult to maintain the accuracy of the estimated value
at a high level.

[0006] Meanwhile, there is proposed a technique of
transmitting data of a robot controcl device in actual work
from a user site to a remote place via a communication line,
and carrying out failure diagnosis and maintenance based on

the transmitted data (Patent Documents 1 and 2).
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Summary o¢f Invention

Objects to be Achieved by the Invention

[0008] However, since the conventional technology disclosed
in Patent Documents 1 and 2 is to transmit raw data

acquired from a robot control device directly to a remote



place via a communication line, the amount of data to be
transmitted (communication amount) becomes huge, and it has
problems such as a decrease in communication speed.

[0009] The present invention is made considering the
above-described problems of the conventional technology,
and its object is to provide a remote monitoring system for
robot capable of reducing the amount of data (communication

amount) transmitted from a user site to a remote place.

Means for Achieving the Objects

[0010] 1In order to achieve the above-mentioned objects, a
first aspect of the present invention is a remote
monitoring system for robot for monitoring a state of a
robot at a place away from a user site, comprising: an
analysis result data acquiring unit for analyzing an
electric current data of a motor of a drive system of the
robot and acguiring an analysis result data at the user
site; a data server provided at a remote place away from
the wuser site for recording the analysis result data
obtained by the analysis result data acquiring unit; a
communication wunit for transmitting the analysis result
data to the data server; and a mobile terminal for reading
and displaying the analysis result data recorded in the
data server.

[0011] A second aspect of the present invention is that,

in the first aspect, the analysis result data includes at

least one of an average electric current value (I%) of the



motor, a peak electric current value, and a motor allowable
load rate.

[0012] A third aspect of the present invention is that, in
the second aspect, the analysis result data includes an
information about a change with time of at least one of the
average electric current value (I2), the peak electric
current value, and the motor allowable load rate.

[0013] A fourth aspect of the present invention is that,
in any one of the first to third aspects, the communication
unit is configured to transmit an environment setting data
to the data server in addition to the analysis result data.
[0014] A fifth aspect of the present invention is that, in
any one of the first to fourth aspects, the communication

unit includes a mail server.

Advantageous Effect of the Invention

[0015] According to the present invention, there can be
provided a remote monitoring system for robot capable of
reducing the amount of data (communication amount) which is

transmitted from a user site to a remote place.

Brief Description of the Drawings
[0016]

FIG. 1 is a diagram illustrating a schematic
configuration of a remote monitoring system for a robot
according to an embodiment of the present invention.

FIG. 2 is a diagram illustrating environment setting



data which is one of the transmission information in the
remote monitoring system illustrated in FIG. 1.

FIG. 3 is a diagram illustrating a schematic
configuration of a variation of the remote monitoring
system illustrated in FIG. 1.

FIG. 4 is a diagram illustrating a schematic
configuration of another variation of the remote monitoring
system illustrated in FIG. 1.

FIG. 5 is a diagram illustrating a schematic
configuration of another variation of the remote monitoring

system illustrated in FIG. 1.

Embodiments of the Invention

[0017] Hereunder, a remote monitoring system for robot
according to an embodiment of the present invention will be
described referring to the drawings.

[0018] The remote monitoring system for robot according to
the present embodiment is a system for monitoring the state
(operation state, deterioration state, and the like) of the
robot at a location away from the user site. The robot
comprises a robot arm and a robot drive system for driving
the robet arm and the external shaft of the robot.

[0019] Note that, in this specification, the "user site"”
includes not only the factory where the robot actually
operates but also the monitoring center of the robot user
side used for monitoring the robot.

[0020] As illustrated in FIG. 1, a plurality of robots 2



are installed in a factory (user site) 1. A first robkot 2
is controlled by a first robot control device 3, a second
robot 2 is controlled by a second robot control device 3,
and a N robot 2 is controlled by a N robot control device 3.
[0021] In the factory 1 (user site), a site PC 4 which
receives data of a robot drive system from a plurality of
robot control devices 3 i1s provided. The robot drive
system has a servo motor for generating a driving force, a
reduction gear for transmitting the driving force from the
servo motor to the robot arm and the robot external shaft,
and an encoder for detecting the position of the servo
motor.

[0022] The site PC 4 installed in the factoeory (user site)
1 configures an analysis result data acgquisition unit for
analyzing the electric current data of the servc motor of
the robot drive system and acquiring analysis result data.
Specifically, in the remote monitoring system for robot
according to this embodiment, the analysis of the electric
current data of the servo motor of the robot drive system
is performed at the factory (user site) 1 where the robot 2
is installed.

[0023] By analyzing the electric current data of the servo
motor executed by the site PC 4, analysis result data on
such as the average electric current value (I2) used for
fault prediction of the reduction gear, the peak electric
current value used for diagnosing the peak torque, and the

motor allowable load rate used for duty diagnosis of motor



is obtained.

[0024] Here, the average electric current value (I2), the
peak electric current value, and the motor permissible load
rate are data acquired based on the measured value of the
electric current generated when the robot is operated under
the same operation condition. For example, the average
electric current value (I2) is the average value of the
electric current values generated under the same operation
condition, and the peak electric current value is the peak
value of the electric current value generated under the
same operation condition.

[0025] PFurther, the above-described analysis result data
includes information on the respective aging changes of the
average electric current value (I?), the peak electric
current value, and the motor permissible load rate, and

the life of the robot drive system including equipment such
as a reduction gear can be predicted based on the change
with time information.

[0026] For example, when estimating the residual life of
the robot drive system based on the average electric
current value (I2), with reference to the initial measured
value, the time (residual life) until the average electric
current value (I?) reaches the threshold value is estimated
with the threshold value set at 107% (design reference).
Further, regarding the peak electric current value, the
residual life is estimated with reference to the electric

current limit value (amplifier, reduction gear, motor



electric current limit). Further, regarding the motor
permissible load rate (duty), the residual life is
estimated with reference to the motor continuous stall
electric current value (motor manufacturer specification).
[0027] Note that, in this example, the site PC 4 which is
the analysis result data acquiring unit is provided in the
factory 1 where the robot 2 is actually installed, while
the analysis result data acquiring unit may be provided at
a monitoring center (facility of a robot user) for
monitoring the robot 2 as a variation.

[0028] The remote monitoring system for robot according to
this embodiment comprises a data server 5 for recording the
analysis result data cbtained by the analysis result data
acqguiring unit configured by the site PC 4 at a remote
place away from the factory (user site) 1.

[0029] Further, the remote monitoring system comprises a
communication unit 6 for transmitting the analysis result
data from the site PC 4 to the data server 5 installed at
the remote place. The communication unit 6 in this example
configures a virtual private network (VPN), and can
transmit the analysis result data to the data server 5
utilizing a commercial communication line such as the
Internet or a telephone line or a dedicated line such as
the LAN, for example.

[0030] The information transmitted to the data server 5 by
the communication unit 6 includes the environment setting

data illustrated in FIG. 2 in addition to the above-



described analysis result data. The environment setting
data includes at least user information (user name, factory
name, site PC information), connection setting information
(robot type, user line name, user's number, manufacturer's
number, IP address) and a threshold setting file (threshold
of analysis result data).

[0031] Although the threshold value of the analysis result
data is set to the default value, it can be changed by the
user. Further, the threshold value of the analysis result
data is set for each of a plurality of axes configuring the
robot. The remote monitoring system according to this
embodiment further comprises a portable terminal 7 for
reading and displaying the analysis result data and the
environment setting data recorded in the data server 5.

The portable terminal 7 can be configured by a mobile phone,
a smart phone, a notebook computer, or the like.

[0032] 1In the remote monitoring system for robot according
to this embodiment, analysis of the electric current data
of the servo motor is performed by the site PC (analysis
result data acquiring unit) 4 at the factory (user site) 1
and the analysis result data acquired by the site PC 4 is
transmitted to the data server 5 at a remote place by using
the communication unit 6.

[0033] Namely, instead of directly transmitting the raw
data acquired from the robot control device 3 to the data
server 5 via the communication unit 6, before transmitting

to the data server 5, analysis of the raw data is performed



10

on the factory (user site) 1 side.

[0034] As described above, in the remote monitoring system
for robot according to this embodiment, analysis of the
electric current data of the servo motor is performed by
the site PC (analysis result data acquiring unit) 4 at the
factory (user site) 1 and the analysis result data acguired
by the site PC 4 is transmitted to the data server 5 at a
remote place via the communication unit 6.

[0035] Since the data amount of the analysis result data
is considerably smaller than the raw data acquired from the
robot control device 3, the amount (communication amount)
of data to be transmitted to the data server 5 via the
communication unit 6 is greatly reduced. Thereby,
communication speed and the like can be improved.

[0036] Further, by confirming the analysis result data
stored in the data server 5 with the mobile terminal 7, the
state of the robot (residual life of the drive system, or
the like) can be timely grasped at a remote place away from
the factory (user site) 1.

[0037] Note that, in this example, the VPN is utilized as
the communication unit 6 for transmitting data from the
factory (user site) 1 to the data server 5, while as a
variation, the mail server may be utilized as the
communication unit 6 as illustrated in FIG. 3. 1In this
case, the data server 5 also functions as a mail server.
Alternatively, a separate mail server may be provided on

the upstream side (factory side) of the data server 5.
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[0038] As described above, since the communication unit 6
transmits the analysis result data which is the result
obtained by previous analysis with the site PC (analysis
result data acquiring unit) 4, the amount of communication
of data to be transmitted by the communication unit 6 can
be extremely small, and as a result, transmission by e-mail
becomes possible. By using the communication unit 6 as a
mail server, there is an advantage that security against
intrusion from the outside to the user site can be
strengthened.

[0039] Note that, the communication unit (mail server) 6
is installed inside the factory 1 in FIG. 3, while the
installation place of the communication unit (mail server)
6 may be any place in the user site, even if it is not in
the factory 1.

[0040] As another variation, as illustrated in FIG. 4,
both the communication unit 6 utilizing the VPN and the
communication unit 6 utilizing the mail server may be
installed. In this example, for example, normally the
communication unit 6 of the mail server is used to transmit
the analysis result data to the data server, and in the
case where bidirectional data communication is required, it
is switched so that the communication unit 6 of the VPN is
used.

[0041] As still another variation, as illustrated in FIG.
5, communication may be performed from the respective

communication unit 6 of the plurality of factories 1 toc the
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data server 5. The communication unit 6 in this example
may be the VPN, or the mail server, or both communication
unit 6 may be provided. Note that, when utilizing the mail
server as the communication unit 6 in this example, the
security level is improved as described above, so that even
when the respective users (owners) of a plurality of
factories 1 differ, for example, it is possible to reliably

ensure a sufficient security level.

Description of Reference Numerals

[0042]

1 ... factory (user site)
2 ... robot

3 ... robot control device

4 ... site PC
5 ... data server
6 ... communication unit

7 ... mobile terminal
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CLAIMS
1. A remote monitoring system for monitoring a state of a
robot at a place away from a user site, comprising:

an analysis result data acquiring unit for analyzing
an electric current data of a motor of a drive system of
the robot so as to acquire an analysis result data at the
user site;

a data server provided at a remote place away from
the user site for recording the analysis result data
obtained by the analysis result data acquiring unit;

a communication unit for transmitting the analysis
result data to the data server; and

a mobile terminal for reading and displaying the
analysis result data recorded in the data server.

2. The remote monitoring system for the robot according
to claim 1, wherein the analysis result data includes at
least one of an average electric current value (I2) of the
motor, a peak electric current value, and a motor allowable
load rate.

3. The remote monitcoring system for the robot according
to claim 2, wherein the analysis result data includes an
information about a change with time of at least one of the
average electric current value (I2), the peak electric
current value, and the motor allowable load rate.

4, The remote monitoring system for the robot according
to any one of claims 1 to 3, wherein the communication unit

is configured to transmit an environment setting data to
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the data server in addition to the analysis result data.
5. The remote monitoring system for the robot according
to any one of claims 1 to 4, wherein the communication unit

includes a mail server.



