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Introduction and Problem Description
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wind energy solutions

Beatrice Thornton Alpha ormonde Thornton Nordsee Norder- Nordsee Various
Bank | Ventus Bank II/lll Ost grinde One
=
g 2x 5M 6x 5M 6x 5M 30x 5M 48x 6.2M126 48x 6.2M126 18x 6.2M126 54x 6.2M126 6.XM152
8 (10 MW) (30 MW) (30 MW) (150 MW) (295 MW) (295 MW) (111MW) (332 MW) :
£ % 45m 12-19m 33m-45m 33m-45m 12m-28m 22-25m 3-11m 26m-34m TBA
a .‘D@ 23km 30km 56km 9km 26km 57km 18km 47km
| eon EWE | v wgm%,w
@sse @ U s Q. RWE

RWE
NZ Nz
i = s = = = TeA

Winner of the
FEISTELIE TS prize RS _schedule Contract effective Contract effective "? .
for Best Large Project delivery Negotiation
12

Order Book Additions (MW)

'09-10 11 '12-13 '14-15 '16 17 '18

Methods and Tools to Enable Preacting Maintenance Measures- Dirk Reinhold- Senvion GmbH - 13.-15. Oktober 2015 4


http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.ssezerocarbonhomes.com/&ei=OIuNVK6ULM3tapfWgYgE&bvm=bv.81828268,d.d2s&psig=AFQjCNEJL97nTkzkO_50pybTgdpBtYBpCQ&ust=1418648754203324
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.eon.com/en/about-us.html&ei=QYyNVJm3B8WUat_MgfgD&bvm=bv.81828268,d.d2s&psig=AFQjCNGKyIKKUjyWQ-AvuZh6qON5YAmC-w&ust=1418649023337065
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.z-wavealliance.org/ewe-ag&ei=EYyNVNWHBInUasO2gtgJ&bvm=bv.81828268,d.d2s&psig=AFQjCNEk064LL1VJTJ9opfJYxNoXSDe5Jw&ust=1418648972880119
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://oecdwatch.org/news-en/case-alert-controversial-business-practices-by-vattenfalls-subsidaries-in-germany/image/image_view_fullscreen&ei=cYyNVNmXJo2PaOHBgsAE&bvm=bv.81828268,d.d2s&psig=AFQjCNGhWdwzuVCSFKLUkzhJoy_u9MAJhg&ust=1418649070639000
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://oecdwatch.org/news-en/case-alert-controversial-business-practices-by-vattenfalls-subsidaries-in-germany/image/image_view_fullscreen&ei=cYyNVNmXJo2PaOHBgsAE&bvm=bv.81828268,d.d2s&psig=AFQjCNGhWdwzuVCSFKLUkzhJoy_u9MAJhg&ust=1418649070639000
http://www.c-power.be/index.php
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://commons.wikimedia.org/wiki/File:RWE_AG.svg&ei=m4uNVIH4GtPtaNSqgcAD&bvm=bv.81828268,d.d2s&psig=AFQjCNE9NpGgaL-89xXOQHMqpYv5iGP14Q&ust=1418648857423051
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://commons.wikimedia.org/wiki/File:RWE_AG.svg&ei=m4uNVIH4GtPtaNSqgcAD&bvm=bv.81828268,d.d2s&psig=AFQjCNE9NpGgaL-89xXOQHMqpYv5iGP14Q&ust=1418648857423051
http://www.c-power.be/index.php

Introduction and Problem Description =ENVION

The operation and maintenance of offshore wind turbines is complex
and challenging

B Difficult to access
B Waves are high during high wind periods (when the load on the turbines is high)

B Complex planning for Jackup Barge operations (Main component replacements)
B Limited capacity of helicopter access

B Time restrictions
B Long arrival and transfer times to or between the turbines ‘

B Only summer suitable for bigger blade repair or major
component replacement

B Challenging conditions
B Significantly higher loads then Onshore
B Salt, Water, Lightning s -
B Dynamic loads = _Soutce: Semion G

-
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Preactive Maintenance



Overview Offshore Maintenance strategies =ENVION

Corrective Preventive Preactive
maintenance maintenance maintenance

Replace after it breaks Replace before it breaks Replacebrlézf(gefore It

Failure prediction and
replacement of the
component just before the
breakdown

Replace the component
after a defined period of
time

Replace the component
after failure

- Leads to unplannend - Planned stops - Fewer / shorter planned
stops (downtime) stops

- High maintenance costs - Wear margin not fully - High availability and
and downtime used lower costs
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Aim of preactive Maintenance SENVION

wind energy solutions

Working
hours Aim:
Only
preventive
visit per year
and as less as
possible
Number of unplanned
stops
unplanned
stops

today
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SENVION

wind energy solutions

Preactive Maintenance

B Usage and combination of different type of data for the estimation
of the system condition
B Linking of different diagnostic and prognostic models for predicting
the remaining useful lifetime
B Dynamic adjustment of maintenance intervals and reduction of
reactive measures
B Prioritization of maintenance measures and automatic initiation of
logistic processes
[ Diagnosis ] [ Prognosis ]
Patternrecognition Failure classification  Rootcause analysis T;:‘:#i‘;ii? RUL-estimation

Fourer
transformation

Neuralnetworks

Neuralnetworks Neuralnetworks

Waveletanalysis -
Datamining
ARIMA Weibull

distribution
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Waveletanalysis
Outlier detection

Data mining

Datamining

Neuralnetworks

Weuralnetworks

—

]

ARMA

Wiener process

Wiener process




PdM with PrelnO: Concept of processing engine PE-
Basic conception at the beginning
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2. context sensitive
time series from
the past
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. Statistic

structure
Funktional

context
Geographical
DEF:]

etc.

SENVION

wind energy solutions

1. Framework methods

and tools

3. Data’s for input,
processing and output

output = classification and

/or forecast

Forecast

DEID

Classification or
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Evaluation

E>

Event
(effecting
measurements)
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Methods for determination of the system condition ~ENVION

Structure-borne noise and vibration measurement

e Thermography

] 3. Oil analysis

Ultrasonic

5. Visuel Inspections

— Y Inspection due to DIN 31051

_

. 7. SCADA monitoring l

Methods and Tools to Enable Preacting Maintenance Measures- Dirk Reinhold- Senvion GmbH - 13.-15. Oktober 2015 12 g



Scoring Model =ENVION

| setup matrix / one per PdM method (7 matrices)

Rotor bearing Scoring 1-16 Scoring 1-16 Addition effort/  Placementin
addition effect  diagram

Gearbox Scoring 1-16 Scoring 1-16 Addition effort/  Placement in
addition effect  diagram

Component 3 Scoring 1-16 Scoring 1-16 Addition effort/  Placement in
addition effect  diagram

Component n Scoring 1-16 Scoring 1-16 Addition effort/  Placement in
addition effect  diagram

Il setup diagramm / one per method (7 diagrams)

Quadrant Il

Small effort
Big effect

Quadrant llI

Small effort
Small effect
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Diagram: Structure-borne noise and vibration SENVION
m eaS U re m e nt wind energy solutions
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Example for Implementation



Example for preactive maintenance =ENVION

B Aggregate information of the general condition of a wind turbine
B possible deduction of maintenance priority automatically

B Question: Which is the most suitable sequence for maintaining the
wind turbines?

B Scheduling based on the knowledge about the condition of each wind turbine

B Annual maintenance scale
B Dynamical adjustment based on information about the behavior of the wind turbine

| 1 fl 3 . f] 3 1
H“\ 7{\ h\—- i
Jul i Il J[_HL
} / [> Preactive [> /
Maintenance

E | 2 K
o SN 1\ S N
| Z\ I I
Yl = S|
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Neural network SENVION

B |s able to learn complex relationships between input and
output data and to calculate the future behavior of
an output variable

B Difference between the calculated and actual temperature is used
as error indicator

0.4
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Time since installation
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Conclusion and Outlook




Conclusion and Outlook SENVION

B Preactive Maintenance

B Linking of corrective and preventive
maintenance

B Usage and combination of different type
of data and methods / models for
diagnosis and prognosis

B Condition based ruling and prioritization
of necessary maintenance measures

B Enabler for:
B Optimal planning
B Risk reduction
B Cost reduction
B Availability improvements
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