wO 20207132840 A1 |0 F000 0 KO0 A 0 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
02 July 2020 (02.07.2020)

(10) International Publication Number

WO 2020/132840 Al

WIPO I PCT

(51) International Patent Classification:
GOIM 13/02 (2019.01)

(21) International Application Number:
PCT/CN2018/123257

(22) International Filing Date:
24 December 2018 (24.12.2018)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: ABB SCHWEIZ AG [CH/CH], Brown Boveri
Strasse 6, 5400 Baden (CH).

(72) Inventors; and

(71) Applicants (for TT only): SUN, Heqing [CN/CN]; Room
602, Building 90, No. 2288 Hongmeinan Road, Min-
hang District, Shanghai 201100 (CN). ZHANG, Jiafan
[CN/CN]; Room 301, Building 627, Tongji Xincun, Yang-
pu District, Shanghai 200092 (CN).

Agent: KING & WOOD MALLESONS; 20th Floor,
East Tower, World Financial Centre, No. 1 Dongsanhuan
Zhonglu, Chaoyang District, Beijing 100020 (CN).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

84

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: METHOD AND DEVICE FOR DIAGNOSING A ROBOT

(57) Abstract: A method for diagnosing a robot is provided. The method
comprises obtaining a spectrum of a motion signal generated by a rotating
component of the robot during operation of the robot (210); determining a

NS
=)

frequency amplitude of a sub-component of the rotating component from

the spectrum, based on a physical characteristic and a speed of the sub-
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component (220); and detecting a failure of the sub-component by com-
paring the frequency amplitude with a threshold amplitude (230). A device
for diagnosing a robot is also provided.
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METHOD AND DEVICE FOR DIAGNOSING A ROBOT

TECHNICAL FIELD
[0001] Example embodiments of the present disclosure generally relate to robot

diagnosis and more particularly, to a method and device for diagnosing a robot.

BACKGROUND

[0002] Robots play important parts in modern industries since they are able to work
faster, more precise and run longer than us human beings. With more robots operating
automatically, it is more and more important to discover faults that may cause losses in
performances or even plant downtime as early as possible in order to minimize impact on
the users’ operation.

[0003] The main solutions in the prior art focus on robot abnormality detection on
system level to diagnose the robot. However, these solutions are not able to identify the
failure source on subassembly level, making the diagnosis/identification of the failure
source inaccurate.

[0004] In addition, other solutions in the prior art require the robot first to stop working,
and then measure the data of the robot under specific motion cycle. Then, the measured
data are compared with the historical data of the robot with the same motion cycle to
identify failure source. These methods need specific motion cycle which will interrupt

normal production processes and lead to economic losses.

SUMMARY

[0005] Example embodiments of the present disclosure propose a solution for
diagnosing a robot.

[0006] In a first aspect, example embodiments of the present disclosure provide a
method for diagnosing a robot. The method comprises: obtaining a spectrum of a motion
signal generated by a rotating component of the robot during operation df the robot;
determining a frequency amplitude of a sub-component of the rotating component from
the spectrum, based on a physical characteristic and a speed of the sub-component; and

detecting a failure of the sub-component by comparing the frequency amplitude with a
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threshold amplitude.

[0007] In some embodiments, detecting the failure comprises: in response to the
frequency amplitude exceeding the threshold amplitude, detecting that the sub-component
has the failure.

[0008] In some embodiments, obtaining the spectrum of the motion signal comprises:
obtaining the motion signal in a time domain; resampling the motion signal with a
sampling rate determined based on the speed of the rotating component; and determining
the spectrum based on the resampled motion signal.

[0009] In some embodiments, the physical characteristic comprises one or more
structural parameters and/or one or more dimensional parameters of the sub-component.
[0010] In some embodiments, the motion signal indicates at least one of the following:
a rotational speed of the rotating component; a control current of the rotating component;
a torque of the rotating component; and an acceleration of the rotating component.

[0011] In some embodiments, the sub-component comprises at least one of following
part: a gear of a gearbox; a shaft of a motor; and a bearing of the motor or gearbox.

[0012] In a second aspect, example embodiments of the present disclosure provide a
device for diagnosing a robot. The device comprises a controller and a memory coupled
to the controller and storing machine-executable instructions which, when executed by the
controller, cause the robot to perform acts comprising: obtaining a spectrum of a motion
signal generated by a rotating component of the robot during operation of the robot;
determining a frequency amplitude of a sub-component of the rotating component from
the spectrum, based on a physical characteristic and a speed of the sub-component; and
detecting a failure of the sub-component by comparing the frequency amplitude with a

threshold amplitude.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Through the following detailed descriptions with reference to the accompanying
drawings, the above and other objectives, features and advantages of the example
embodiments disclosed herein will become more comprehensible. In the drawings,
several example embodiments disclosed herein will be illustrated in an example and in a
non-limiting manner, wherein:

[0014] Fig. 1 shows a block diagram illustrating an industrial robot and a device for
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diagnosing the robot in accordance with some example embodiments of the present
disclosure;

[0015] Fig. 2 illustrates a flowchart of a method for diagnosing a robot in accordance
with some example embodiments of the present disclosure;

[0016] Fig. 3 illustrates a flowchart of the method for diagnosing a robot shown in Fig.
2 in accordance with some example embodiments of the present disclosure;

[0017] Fig. 4 illustrates a diagram showing a waveform of motion signal in accordance
with some example embodiments of the present disclosure; and

[0018] Fig. 5 illustrates a diagram showing a spectrum of motion signal in accordance
with some example embodiments of the present disclosure.

[0019] Throughout the drawings, the same or corresponding reference symbols refer to

the same or corresponding parts.

DETAILED DESCRIPTION

[0020] The subject matter described herein will now be discussed with reference to
several example embodiments. These embodiments are discussed only for the purpose of
enabling those skilled persons in the art to better understand and thus implement the
subject matter described herein, rather than suggesting any limitations on the scope of the
subject matter.

[0021] The term “comprises” or “includes” and its variants are to be read as open terms
that mean “includes, but is not limited to.” The term “or” is to be read as “and/or” unless
the context clearly indicates otherwise. The term “based on” is to be read as “based at
least in part on.” The term “being operable to” is to mean a function, an action, a motion
or a state can be achieved by an operation induced by a user or an external mechanism.
The term “one embodiment” and “an embodiment” are to be read as “at least one
embodiment.” The term “another embodiment” is to be read as “at least one other
embodiment.”

[0022] Unless specified or limited otherwise, the terms “mounted,” “connected,”
“supported,” and “coupled” and variations thereof are used broadly and encompass direct
and indirect mountings, connections, supports, and couplings. Furthermore, “connected”
and “coupled” are not restricted to physical or mechanical connections or couplings. In

the description below, like reference numerals and labels are used to describe the same,
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similar or corresponding parts in the Figures. Other definitions, explicit and implicit,
may be included below.

[0023] Fig 1 shows a block diagram illustrating an industrial robot and a device for
diagnosing the robot in accordance with some example embodiments of the present
disclosure. The robot 110 comprises a base 111, three arms 112, 113, 114 and a tool
holder 115. The arms 113, 114 and the tool holder 115 are rotatable about a plurality of
joints 116a-116¢c. The industrial robot also comprises a plurality of actuator 117a-117c
for driving the movements of the arms 112, 113, 114. Each actuator 117a-117¢
comprises a motor including a motor shaft and a transmission unit configured to transfer
rotational movements of the motor shaft to the joints. Each transmission unit comprises
a gear and a gear shaft.

[0024] The industrial robot 110 is connected to a device 120 for executing robot
program, which comprises a controller 121 and a memory 122. The memory 122 is
coupled to the controller 121 and storing machine-executable instructions. The device
120 may be configured to transmit a control signal to the industrial robot 110 to control
the operation of the actuator 117a-117c of the industrial robot 110, such as the rotation of
the motor in the actuator 117a-117c. At the same time, the device 120 can also be
configured to receive feedback signals from the industrial robot 110 to monitor and
diagnose the operation state of the industrial robot 110.

[0025] Fig. 2 illustrates a flowchart of a method 200 for diagnosing a robot in
accordance with some example embodiments of the present disclosure. The method 200
can be implemented by the device 120 as shown in Fig. 1 to carry out a robot diagnose.
[0026] At 210, a spectrum of a motion signal is obtained. The motion signal is
generated by a rotating component of the robot during operation of the robot. The
rotating component may be the actuator 117a-117c of the robot 110. The motion signal
may indicate a rotational speed of the rotating component, a control current of the rotating
component, a torque of the rotating component, or an acceleration of the rotating
component.

[0027] At 220, a frequency amplitude of a sub-component of the rotating component is
determined from the spectrum, based on a physical characteristic and a speed of the
sub-component. The rotating component may comprise a plurality of sub-components,

which may be a gear or bearing inside the gearbox, a shaft or a bearing of the motor, or
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other structural components in the actuator 117a-117c. The physical characteristic
comprises one or more structural parameters and/or one or more dimensional parameters
of the sub-component.

[0028] Based on the physics analysis, each sub-component of the rotating component
has a characteristic frequency, which is dependent on the sub-component structural
parameter and/or dimensional parameter, like gear tooth number, bearing ball number, and
bearing inner/outer raceway diameter.

[0029] The characteristic frequency is further dependent on the rotation speed of the
sub-component. For example, the characteristic frequency of a gear may be k*®, where
o is the rotation speed and k is the structural/dimensional parameter of the gear.

[0030] Such parameters of the sub-components can be predetermined and stored in the
device 120. The rotation speed of the sub-components can be directly measured by
sensors or indirectly calculated through other measured data such as the angular position
of the motor. Such measurement is usually included in the robot for normal operation,
thereby no additional cost is increased.

[0031] Through the characteristic frequency of the sub-component, the frequency
amplitude corresponding to the sub-component can be determined from the spectrum.
[0032] At 230, a failure of the sub-component can be detected by comparing the
frequency amplitude with a threshold amplitude. By failure analysis of the robot 110, the
frequency amplitude of each sub-component can be considered as an indicator, which
indicates whether a sub-component of the rotating component in the robot 110 has a
failure.

[0033] In this manner, it is possible to detect a failure on sub-assembly level in the
robot, thereby more accurately determining the failure source. As a result, the user can
be prompted earlier than before to perform appropriate repairs and replacements, which
can extend the life of the robot.

[0034] The diagnostic results can be displayed to the user, for example, via a graphical
user interface, allowing the user to visually identify the failure source and take appropriate
action.

[0035] In some embodiments, if the frequency amplitude of the sub-component
exceeds the threshold amplitude, the sub-component will be detected as having failure.

The threshold amplitude may be empirically predetermined by the user or learned from
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historical robot data.

[0036] Fig. 3 illustrates a flowchart of 210 of the method 200 for diagnosing a robot
shown in Fig. 2 in accordance with some example embodiments of the present disclosure.
The method 210 can be implemented by the device 120 as shown in Fig. 1 to obtain the
spectrum of the motion signal.

[0037] At 211, the motion signal in a time domain is obtained. The motion signal
may be the signals of specific joint in a time interval during which the actuator 117a-117c
is rotating. The motion signal may be voltage or current measured by the sensors within
the robot 110 and transmitted through the cable between the robot 110 and the device 120.
The motion signal could also be measured by external sensors installed on the robot, such
as accelerometer.

[0038] At 212, the motion signal in the time domain is resampled with a sampling rate.
The sampling rate may be determined based on the speed of the rotating component. For
example, the sampling rate is proportional to the speed of the rotating component, so that
more sample values are obtained when the speed is high. In this way, the impact of
varying speed (which happens during acceleration and deceleration) can be removed,
thereby improving the reliability and accuracy of spectrum analysis.

[0039] At 213, the spectrum is determined based on the resampled motion signal. For
example, the spectrum may be determined through Fourier transformation.

[0040] In this manner, it is possible to directly use the motion signal obtained during
normal operation of the robot for failure diagnosis, rather than the motion signal from a
specific operation mode, thereby avoiding the interruption of industrial production.

[0041] It should be understood that the above-described methods of obtaining the
spectrum are merely exemplary and are not intended to limit the scope of the disclosure.
For example, when the rotating component does not vary its speed, the obtained motion
signal can be directly converted from the time domain into the frequency domain without
resampling.

[0042]  Fig. 4 illustrates a diagram showing a waveform of motion signal in accordance
with some example embodiments of the present disclosure. It can be seen that the
waveform of the motion signal in the Fig. 4 is not strictly periodic, but has some
fluctuations, for example referring to the part in the dotted box. Sources of these

fluctuations may be, for example, a change in load or a potential failure of components.
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Therefore, a diagnostic analysis is needed to determine the cause of the fluctuations.
[0043] Fig. 5 illustrates a diagram showing a spectrum of motion signal in accordance
with some example embodiments of the present disclosure. It can be seen that the
frequency amplitudes corresponding to some frequencies in the Fig. 5 are significantly
higher than the frequency amplitudes corresponding to other frequencies. Since each
sub-component has an individual characteristic frequency, the diagnosis can be performed
by comparing the frequency amplitude value corresponding to the characteristic frequency
with a preset threshold amplitude value.

[0044] For example, Fig. 5 shows the characteristic frequency ficaring 0f motor bearing,
which is depend on the structural or dimensional parameters of the bearing, such as ball
number, diameter of the bearing raceway, and the rotating speed of the bearing. Through
the spectrum illustrated in Fig. 5, the frequency amplitude Apearing corresponding to the
characteristic frequency fycaring can be determined. Such frequency amplitude Apearing Can
be used as an indicator of whether the motor bearing has a failure, such as cracks or pitting
on the bearing ball or raceway. If the frequency amplitude Apcaring €Xceeds the threshold
amplitude of the motor bearing, then it can be determined that the bearing has a failure.
[0045]  Generally, various embodiments of the present disclosure may be implemented
in hardware or special purpose circuits, software, logic or any combination thereof.
Some aspects may be implemented in hardware, while other aspects may be implemented
in firmware or software which may be executed by a controller, microprocessor or other
computing device. While various aspects of embodiments of the present disclosure are
illustrated and described as block diagrams, flowcharts, or using some other pictorial
representation, it will be appreciated that the blocks, apparatus, systems, techniques or
methods described herein may be implemented in, as non-limiting examples, hardware,
software, firmware, special purpose circuits or logic, general purpose hardware or
controller or other computing devices, or some combination thereof.

[0046] The present disclosure also provides at least one computer program product
tangibly stored on a non-transitory computer readable storage medium. The computer
program product includes computer-executable instructions, such as those included in
program modules, being executed in a device on a target real or virtual processor, to carry
out the process or method as described above with reference to Fig. 2. Generally,

program modules include routines, programs, libraries, objects, classes, components, data
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structures, or the like that perform particular tasks or implement particular abstract data
types. The functionality of the program modules may be combined or split between
program modules as desired in various embodiments. Machine-executable instructions
for program modules may be executed within a local or distributed device. In a
distributed device, program modules may be located in both local and remote storage
media.

[0047] Program code for carrying out methods of the present disclosure may be written
in any combination of one or more programming languages. These program codes may
be provided to a processor or controller of a general purpose computer, special purpose
computer, or other programmable data processing apparatus, such that the program codes,
when executed by the processor or controller, cause the functions/operations specified in
the flowcharts and/or block diagrams to be implemented. The program code may
execute entirely on a machine, partly on the machine, as a stand-alone software package,
partly on the machine and partly on a remote machine or entirely on the remote machine
or server.

[0048] The above program code may be embodied on a machine readable medium,
which may be any tangible medium that may contain, or store a program for use by or in
connection with an instruction execution system, apparatus, or device. The machine
readable medium may be a machine readable signal medium or a machine readable
storage medium. A machine readable medium may include but not limited to an
electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system,
apparatus, or device, or any suitable combination of the foregoing. More specific
examples of the machine readable storage medium would include an electrical connection
having one or more wires, a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic storage device, or any suitable
combination of the foregoing.

[0049]  Further, while operations are depicted in a particular order, this should not be
understood as requiring that such operations be performed in the particular order shown or
in sequential order, or that all illustrated operations be performed, to achieve desirable

results. In certain circumstances, multitasking and parallel processing may be
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advantageous. Likewise, while several specific implementation details are contained in
the above discussions, these should not be construed as limitations on the scope of the
present disclosure, but rather as descriptions of features that may be specific to particular
embodiments. Certain features that are described in the context of separate embodiments
may also be implemented in combination in a single embodiment. On the other hand,
various features that are described in the context of a single embodiment may also be
implemented in multiple embodiments separately or in any suitable sub-combination.

[0050] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject matter
defined in the appended claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts described above are disclosed as

example forms of implementing the claims.
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WHAT IS CLAIMED IS:

1. A method for diagnosing a robot, comprising:

obtaining a spectrum of a motion signal generated by a rotating component of the
robot during operation of the robot;

determining a frequency amplitude of a sub-component of the rotating component
from the spectrum, based on a physical characteristic and a speed of the sub-component;
and

detecting a failure of the sub-component by comparing the frequency amplitude

with a threshold amplitude.

2. The method of claim 1, wherein detecting the failure comprises:
in response to the frequency amplitude exceeding the threshold amplitude,

detecting that the sub-component has the failure.

3. The method of claim 1, wherein obtaining the spectrum of the motion signal
comprises:

obtaining the motion signal in a time domain;

resampling the motion signal with a sampling rate determined based on the speed
of the rotating component; and

determining the spectrum based on the resampled motion signal.

4. The method of claim 1, wherein the physical characteristic comprises one or
more structural parameters and/or one or more dimensional parameters of the

sub-component.

5. The method of claim 1, wherein the motion signal indicates at least one of the
following:

- a rotational speed of the rotating component;

- a control current of the rotating component;

- a torque of the rotating component; and

- an acceleration of the rotating component.

10
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6. The method of claim 1, wherein the sub-component comprises at least one of
following part:

- a gear of a gearbox;

- a shaft of a motor; and

- a bearing of the motor or gearbox.

7. A device for diagnosing a robot, comprising:
a controller; and
a memory coupled to the controller and storing machine-executable instructions
which, when executed by the controller, cause the robot to perform acts comprising:
obtaining a spectrum of a motion signal generated by a rotating component of
the robot during operation of the robot;
determining a frequency amplitude of a sub-component of the rotating
component from the spectrum, based on a physical characteristic and a speed of the
sub-component; and
detecting a failure of the sub-component by comparing the frequency

amplitude with a threshold amplitude.

8. The device of claim 7, wherein detecting the failure comprises:
in response to the frequency amplitude exceeding the threshold amplitude,

detecting that the sub-component has the failure.

9. The device of claim 7, wherein obtaining the spectrum of the motion signal
comprises:

obtaining the motion signal in a time domain;

resampling the motion signal with a sampling rate determined based on the speed
of the rotating component;

determining the spectrum based on the resampled motion signal.
10. The device of claim 7, wherein the physical characteristic comprises one or

more structural parameters and/or one or more dimensional parameters of the

sub-component.

11
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11. The device of claim 7, wherein the motion signal indicates at least one of the
following:
- a rotational speed of the rotating component;

- a control current of the rotating component;

3 - a torque of the rotating component; and
- an acceleration of the rotating component.
12. The device of claim 7, wherein the sub-component comprises at least one of
following part:
10

- a gear of a gearbox;
- a shaft of a motor; and

- a bearing of the motor or gearbox.

12
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