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Predictive Maintenance - Making use of operational experience
with wind turbines through digitized information

Findings from digitized data of more than 3,000 wind turbines in operation
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= Background maintenance strategies
= Knowledge base WInD-Pool

= Digitization of maintenance reports
= Three recent applications

= Conclusions
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Knowledge database for the wind industry

Performance Maintenance Investment
assessment Optimization decision
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WInD-Pool community
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Industry initiative for networking and a basis for common research
Continuous performance benchmarking, where anonymously possible
Development of means for digitization of maintenance information
Conduct reliability analyses for wind turbine components
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Data base

Data from 3,000 turbines, 6 GW total nominal power

SCADA data minimum:

= Wind speed and direction

= Power output

Additionally:

= Superordinate status codes (normal operation, partial load, idling, ...)
= Status codes on single activities (pitch, yaw, cable unwinding, ...)

= Sensor data (wind, temperatures, pressures, ...)
Turbines with minimum data sets: —~30 %o

Turbines with complete SCADA data sets: —5 %6

In total: —20,000 operational years

Maintenance Information on:
= Maintenance activities (affected component, date, time, ...)
= Kind of activity (replace vs repair)

= Kind of maintenance (corrective vs. preventive)
In total: —400 000 (more not yet digitized reports available)
In digitized form: —300 000
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Usability of collected reports

Evaluation Criteria Ser_vice Expert Ser_vice Expert Ser_vice Expert Ser_vice Expert
provider 1 Level provider 2 Level provider 3 Level provider 4 Level
Maintenance Measure v 3 v 3 v 3 v 3
Maintenance Type X 3 v 3 v 1 v 1
Effected Element v 2 X 3 v 2 v 1
Downtime X 3 X 3 X 3 v 1
No. of effected elements X 3 X 3 X 2 X 2
Effected Elements location X 3 X 3 X 2 v 1
Turbine State X 3 X 3 X 2 X 1
Alarm code X 3 X 3 v 1 v 1
Consumed Material Description v 1 X 3 v 1 v 1
Type of failure X 3 v 3 v 2 v 2
\I/\r/]ifr(;?n']r;[ritc))irr]]e General v 1 v 1 v 1 v 1
Wind Speed X 3 v 1 X 3 X 3
Technician Details v 1 X 3 v 1 v 1
Other Maintenance measure v 1 v X 3 X 1
Eggrxern(t)st)servation and v 1 v 1 x 3 x 1

Data quality — especially of maintenance reports - is limited
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= Assignment of failures to standard codes (ZEUS*, RDS-PP®*%*)

= Interrelation of maintenance reports with SCADA data

= Evaluation on RDS-PP level “system”

Rotor System | IEEENZY 2.5 32.0
Converter System | IEINEZ! N6 | 36.8
Control System [ 21 s 8.7 16.8
Yaw System 7.0 4.0 2.7
Environmental Measurement System 6.0 3.7 2.0
Low Voltage Electrical Main Supply System 4.5 || 6.1 2.4
Generator Transformer System 4.0 | 5.9 1.8
Drive Train System 3.0 L 6.7 1.1
Fire Alarm System 2.4 anlla 2.2
Central Hydraulic System 2.0 I 8.0 0.8
Generator Switching System 2.0 I 8.4 0.9
Power Generation System 1.0 | 5.7 0.4
Obstacle Warning System 0.3 2.2 0.1
-20 =10 0 5 10 15
Share of Mean Share of annual
failures [%0] downtime [%0] downtime [%]

*FGW TR7-D2: State-Event-Cause code for power generating units
**\VGB-VGB-S-823-32 — Application Guideline Wind Power



il Predicting failures — principle methods
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= Empirically found failure behavior of the yawing system of a certain turbine
type
= Number of equivalent full turns appears to be the best lifetime variable

Yaw system failure behavior
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Prediction of optimum day for repair basically possible




WIND&t  Gearbox — Support Vector Machine

= Learning the typical relation between
selected stress factors and the failure
occurrence

= Metering the stress factors in real
operation and identify/predict critical
situations
Here:
= Five years observation of gearboxes of
a certain turbine type
= Stress factors
= QOperating time under different wind
conditions
= Number of switch-on/-off processes
= Wind speed
= Energy Yyield

Intermediate result: 40%06 of all faults identified
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= Online-metering of a number of sensor signals and learning a ‘normal’ behavior

= ldentification of anomalies through comparison of actual and ‘normal’ behavior

Sensor-Messungen Autoencoder-Ausgabe
Torque M Torque M
Rotor bearing temperature [~ u re, 0 e Rotor bearing temperature P4 o~ v T
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Rotor speed [ Rotor speed [x '
- - e YN
Grid voltage F " M Grid voltage |- v o
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— " — it (I ——
Outdoor temperature - r—_:_:«___,\_ e v v Outdoor temperature £ e, o
- — o
Absolute wind direction w% / \ Absolute wind direction W
Wind speed ...~ | o ‘ ’ Wind speed ..., e
Windspeed2 -, ‘ ' ‘ ( Wind speed 2 —,JI et
Wind speed 11 . '\ / . Windspeed 1 L, e
! L ‘ L -
Macelle temperature [ A Nacelle temperature
Nacelle angle -—_ N V "v V‘v v Nacelle angle e, .~ _- e
Gearbox oil surje temperature :w_hv‘:’,_n e D ) ‘ ' « Gearbox oll sump temperature w—wt:(_._w,_r ]
Gearbox in perature W ‘ ’ Gearbox inlet temperature W
Gearbox bearing erature = A o Pt P Gearbox bearing 2 temperature F—_ .~ —— A
Gearbox bearind M8 it oconms s o, A A Gearbox bearing 1 temperature Fow s o nie
[ . L
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i = v AU A e e
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Interim result: with historical data 40%b of all faults identified prior to the real event
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Conclusions

Results

v Collaboration provides a massive database

v" Digitization and concatenation of data still require enormous manual work

v" O&M data contain valuable information about degradations and abnormal developments

v" Al methods reveal very specific findings for predictive maintenance

Main barrier

x Data quality still limited — in terms of digital form, completeness, standardized taxonomies

Recommendations for wind turbine owners / operators:
» Early definition of needs and comprehensive data collection

» Consistent digitization of all data and application of industry standards
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Thanks a lot for listening!

Contact
berthold.hahn@iee.fraunhofer.de
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