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A Fault Detection System for Wind Power Generator Based on
Intelligent Clustering Method
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Abstract: Nowadays, the utilization of renewable energy sources like wind energy is considered one of the most effective means
of generating massive amounts of electricity. This is evident in the rapid increase of wind farms all over the world which
comprise a huge number of wind turbines. However, the drawback of utilizing wind turbines is that it requires maintenance,
which could be a costly operation. To keep the wind turbines in pristine condition so as to reduce downtime, the
implementation of CMS (Condition Monitoring System) and FDS (Fault Detection System) is mandatory. The efficiency and
accuracy of these systems are crucial in deciding when to carry out a maintenance process. In this paper, a fault detection
system based on intelligent clustering method is proposed. Using SCADA data, the clustering model was trained and evaluated
for its accuracy through rigorous simulations. Results show that the proposed approach is able to accurately detect the
deteriorating condition of a wind turbine as it nears a downtime period.
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Fig. 1. Internal structure of the nacelle showing the deployment of

various sensors.
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Table 1. SCADA data base for wind turbine system.

. Wind | Gen. | Rotor. | Nacell Ge.ar Gear | Gen.
Time Speed Power | Pitch Rpm | Rpm | Tem, Oil | Bear | Bear
P P P Temp | Temp | Temp
201;ffg'28 99 [5452| -1.8 | 1940 [ 259 | 37 | 67 | 76 | 70
20T-07-28 | 56 | 530 | .19 | 1940 26 | 37 | 67 | 76 | 70
7:30
0T-07-28 | o6 | 530 | 219 | 1939 | 250 | 37 | 67 | 76 | 70
7:20
201;_'?5'28 106 [627.4| -14 [ 1940 | 26 | 37 | 68 | 77 | 70
201;f307'28 102 |587.9| -1.6 | 1939 | 259 | 37 | 68 | 77 | 70
201;—;)(3—28 103 |6114| -15 [ 1940 | 26 | 37 | 68 | 77 | 70
201éffg'28 106 |6357| -12 [ 1939 | 259 | 37 | 67 | 76 | 70
201;_'%'28 11 |707.4| 09 [ 1939|259 | 37 | 67 | 76 | 69
201;_'%'28 11 6976 -1 [1940 | 259 | 37 | 65 | 75 | 68
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Fig. 2. Overall architecture of the fault detection system based on
clustering method.
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Table 2. The distance of an operating point from the various
cluster centers.

Cluster 1|Cluster 2|Cluster 3|Cluster 4|Cluster 5|Cluster 6|Cluster 7|Cluster 8
04411 | 0.3402 | 1.0784 | 0.1583 | 0.6589 | 0.7540 | 0.9824 | 15236

Distance
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Table 3. Distances between normal operating points and cluster
centers.

suHl | smm2 | s&E3 | [smmMy
SYAE F4 1| 110837012 | 7.5518735445 | 1.2291909339 45127005689
SYAE S 2| 087813362 | 0.5842092216 | 0.0683292774 0.3301838022
SYAE S 3| 025789263 | 0.1215953666 | 0.1808685867 0.1408746633
SYAEH FH 4| 392193111 | 26736280541 | 0.4361409168 [eeee| 16003792897
SYAE FA 5| 007642294 | 0.0776658194 | 0.2554458011 0.1973885058
SYAE S 6| 0.20499876 | 0.1267565585 | 0.0575455521 0.0748361645
SYAE S4 7| 020256583 |0.0982852694 | 0.1324340182 0.1140249585
SYAE S 8| 002126995 | 04589196881 | 1.2602688359 0.8552176908
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Fig. 8. The areas covered by the cluster centers, showing their

respective minimum distance.
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Table 4. The minimum distance of the operating points from the

cluster centers.
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Fig. 9. Histograms showing the deviation of the operation points

from the threshold of minimum distance, 3 to 1 week
before the failure.
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Table 5. Distances between operating points and cluster centers.

S%¥1 | s%E2 | sME3 | [ samMy
22AH 34 1| 110837012 |7.5518735445 | 1.2291909339 45127005689
S8AE F4 2| 087813362 | 0.5842092216 | 0.0683292774 03301838022
SYHAEH ZM 3| 025789263 |0.1215953666 | 0.1808685867 0.1408746633
SCAE FH 4| 392193111 | 26736280541 | 04361409168 |eeee| 16003792897
SYHAEH ZM 5| 007642294 |0.0776658194 | 0.2554458011 0.1973885058
22{AH 54 6| 020499876 |0.1267565585 | 0.0575455521 0.0748361645
22{AH 54 7| 020256583 | 0.0982852694 | 0.1324340182 0.1140249585
SPAE Z4 8| 002126995 | 04589196881 | 1.2602688359 0.8552176908
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Table 6. The minimum distance of the operating points from the

cluster centers.
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from the threshold of minimum distance, 3 to 1 week

before the failure.
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