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Fault diagnosis of wafer transfer robot based on time domain statistics
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Abstract This paper applies statistical analysis methods in the time domain to the fault diagnosis of wafer

transfer robots, and proposes a methodology to discern the critical characteristics

of vibration and torque signals.

Subsequently, principal component analysis (PCA) is applied to diminish the data's dimensionality, followed by

the development of a fault diagnosis algorithm utilizing Euclidean distance and Hotelling's T-square statistics.

The algorithm establishes decision boundaries to categorize failure states based on the observed data. Our

findings indicate that data classification incorporating velocity parameters enhances diagnostic accuracy. This

approach serves to enhance the precision and efficacy of fault diagnosis.
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Mean Stan.da.rd RMS Max
Deviation

Mean | i 0498417/ 0854671 0302286
Standard B e
Deviation 0498417 1 0876028 0945839

RMS | 0854671 0876028 1 0735115
Max 0302286 0945839 0735115 1

Ozl 1. HA AEl B3 MSo| Akt AlF S|EY
Figure 1. Correlation coefficient heat map of steady-state
torque signal
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Figure 2. 3D Scatter of PCA Results
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Figure 3. Experimental setup
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Figure 4. Acceleration original signal (a) Normal (b) Ball screw
misalignment
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Figure 5. Torque original signal (a) Normal (b) Ball screw
misalignment
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Figure 6. Time—-domain statistics-based fault diagnosis system
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Table 2. Data sets for experiments
# Test data
System Speed Normal Fault
200 0 25
BEuclidean 300 0 25
distance 400 0 25
500 0 25
200 ) 25
Hotelling 300 2 25
T-squared 400 25 25
500 25 25
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Table 3. Euclidean distance based coefficient of determination.
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Table 5. Euclidean distance diagnosis accuracy.

Sensor type Problem type Accuracy %

2 Classes type 1 59

Acceleration 2 Classes type 2 &
censor 2 Classes type 3 100

2 Classes type 4 100

2 Classes type 5 %

2 Classes type 1 100

2 Classes type 2 100

Torque sensor 2 Classes type 3 100
2 Classes type 4 100

2 Classes type 5 100

. Coefficient of
Sensor type Problem type determination
2 Classes type 1 3.8333
Acceleration 2 Classes type 2 32977
censor 2 Classes type 3 3.2167
2 Classes type 4 3.1442
2 Classes type 5 0.8632
2 Classes type 1 3.1610
2 Classes type 2 3.2726
Torque sensor 2 Classes type 3 3.1157
2 Classes type 4 3.7858
2 Classes type 5 51728

E 4. Hoteling T-squared &A1& 7|8t Z2H A=
Table 4. Hotelling T-squared based coefficient of determination.

Coefficient of
Sensor type Problem type determination
2 Classes type 1 83478
Acceleration 2 Classes type 2 10.4576
censor 2 Classes type 3 10.4576
2 Classes type 4 104576
2 Classes type 5 104576
2 Classes type 1 8.3478
2 Classes type 2 104576
Torque sensor 2 Classes type 3 104576
2 Classes type 4 10.4576
2 Classes type 5 104576
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Table 6. Hotelling T-squared diagnosis accuracy.

Sensor type Problem type Accuracy %
2 Classes type 1 60
. 2 Classes type 2 100
Acceleration 2 Classes type 3 10
sensor 2 Classes type 4 100
2 Classes type b R
2 Classes type 1 100
2 Classes type 2 100
Torque sensor 2 Classes type 3 100
2 Classes type 4 100
2 Classes type 5 xR
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