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Study on the Failure Diagnosis of Robot Joints
Using Machine Learning
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ABSTRACT

Maintenance of semiconductor equipment processes is crucial for the continuous growth of the semiconductor

market. The process must always be upheld in optimal condition to ensure a smooth supply of numerous parts.

Additionally, it is imperative to monitor the status of the robots that play a central role in the process. Just as many

senses of organs judge a person's body condition, robots also have numerous sensors that play a role, and like human

joints, they can detect the condition first in the joints, which are the driving parts of the robot. Therefore, a normal

state test bed and an abnormal state test bed using an aging reducer were constructed by simulating the joint, which is

the driving part of the robot. Various sensors such as vibration, torque, encoder, and temperature were attached to

accurately diagnose the robot's failure, and the test bed was built with an integrated system to collect and control data

simultaneously in real-time. After configuring the user screen and building a database based on the collected data, the

characteristic values of normal and abnormal data were analyzed, and machine learning was performed using the

KNN (K-Nearest Neighbors) machine learning algorithm. This approach yielded an impressive 94% accuracy in

failure diagnosis, underscoring the reliability of both the test bed and the data it produced.
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Fig. 1. Schematic of a general industrial robot arm.
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Fig. 3. Implemented Hardware of proposed Testbed.
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Table 1. Specifications for Actuating systems

Specifications

Components | Model

Rated Power Output: 100 (W)

* Speed: 3000 (rpm)

* Encoder: 24 bits (16,777,216 p/rev)
» Rated Torque: 0.32 (N-m)
Maximum Torque: 1.12 (N-m)

DELTA

Servo Motor | Motor

&
Servo Drive

» Rated Power Output: 100 (W)
* Phase: 3/1-phase
Drive Resolution: 24 bits

DELTA
Drive

Ratio: 80:1

Rated torque (input 2,000rpm/min):8
(Nm)

Allowable torque(start/stop): 23 (Nm)

Allowable maximum torque (average
load torque): 11 (Nm)

Allowable torque (Momentary
maximum): 47 (Nm)

Inertia moment: 0.033x10™* (kgm?)

SPG

Reducer

Table 2. Specifications for Sensing systems

Components Specitications
Temperature |, e o
Sensor Range: 0 ~ 500 (°C)
Encoder |+ Resolution: 13 bits (8,192 p/rev)
* Range: + 0.2 ~ 100 (Nm)
Torque |* Speed measurement optional: 1x60 (rev)
Sensor |+ Impulses/Revolution: Low speed 2 x 8192 Pulses
¢ Output Signal Sampling time: f= 100 +40(kilz)
* Type: MEMS
Vibration |* Range: ~8g
Sensor * Frequency Span: ~1600Hz
* Frequency Resolution: 1.563Hz
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Table 3. Example of Data Collection Label(Normal)

1 2 3 4
Label Normal| normal normal normal
Trear(M/s?) | 0314 | 0366 0.364 0.355
Trus(m/s?) 3915 | 3.363 3.302 3.386
Cractor(m/s?) | 0.028 | 0.038 0.021 0.027
Time Data(m/s?) | -0.011| 0.354 -0.082 0.254
FFT Data(m/s?) {0.0013| 0.0004 | 0.0008 | 0.0020

Table 4. Example of Data Collection Label(Abnormal)

1 2 3 4
Label Abnormal| Abnormal [Abnormal| Abnormal
Tpear(m/s?) 0357 | 0439 | 0.463 0.471
Trus(m/s?) 3.601 3.632 | 3.671 3.616
Cractor(m/s?) 0.022 0.047 | 0.028 0.014
Time Data(m/s?) | 0.004 | 0.759 | -0.254 0.45
FFT Data(m/s2) | 0.0010 | 0.0007 | 0.0006 | 0.0009
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Table 5. Classification Result of KNN
Accuracy Precision Recall F1-Score
0.93 0.94 0.93 0.93
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Table 6. Data Used for Fault Diagnosis

Normal Abnormal Accuracy(%)

Train 3526 3527 94.08

Test 1511 1512 93.48
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