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Motivation \
/

 Why monitoring?
— Remote and harsh sites
— Increasingly larger dimensions
— Prone to rapid wear
— Maintenance strategies

» Why Vibration-based OMA? == .
— Highly dynamic structure o R S s PO S
— Vibration modes sensitiveto ~ © 7| eI
damage sl |

Relative scour depth [S/D]
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Monitoring System
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3 Case studies
* Senvion MM82 (2.0 MW)

— Torrdao Wind Farm
* Hub height: 80 m

* Rotor diameter; 80 m
« Steel tower

e |zar Bonus 1.3MW/62 | * Vestas V90-3.0MW

— Penedo Ruivo — Offshore Belwind
Wind Farm Wind Farm
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Senvion MM82 — Modal Identification

0 10 30 6 90 120 150 180
]O | T | T T | T |I T I T 1 ‘ T |
| | | | —  Non-operating
"""""""" Operating
-2
10
[H]
©
2
‘g
£
< ;
10
| | | | | \ |
10_6 | 1 | Il 1 | 1 |I 1 | 1 1 ‘ 1 |
0 0.5 1 1.5 2 25 3 35 4 45 5
Frequency [Hz]
Campbel Diagram Campbel Diagram
4.5 45 T T ) Ts T T 13
P ks 4FA
PRI PRTIRN DN e |
4 | 4 | - __3SS
AR ! CSRANGR R )
35 . q i e Lo e o <120 35 _ _ —~ 3 FA/SS
e i l | 2 P
3 3 % L - 3r -~ _ Z 2SS
i S = T [iedoonennioe s cenenmysstnagccme, evleintemininraitemnases st Rifuen
: 3 = * e 2 -
25 e 19Q > 250 | -1 - /// L -2FA
. ‘.' ':.' 7= [ = P < -
2 w”"w | S 2 | ///l/// -~ | 2ss*
: PRI T o 3 s
T U O —16Q g g L e AR ey Bt IR
1.5 ARy e 15 -llll %, % epp @ soosentay “M"Z’M 7
o J 1k e e o 155* |
2t e T =
0.5 T 05 RN }Jt‘%-?rr"v/;*.ﬂrrzz L —— PR i - :I 55+
0 Ol‘é == = T 1 1 | 1 1 1 | 1FA
0 ) 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Rotor Speed [rpm] Rotor Speed [rpm]

PhD 2016 | 5



& CONSTRUCT

Frequency [Hz]

Frequency [Hz]

2.86

284

282

28 |

2.78 |

2.76

2.74

29

2.85

28

275

Senvion MM82 — Damage Detection

* Foundation analysis

— Asymmetry detection
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Pile

Scour S

» Damage simulation

— D1: Scour — 7.5% D (<< 130%)
— D2: Foundation — < 5 times
— D3: Blade damage — 85% K

Undamaged scenario
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Senvion MM82 — Modal Acceleration Response

* Post-processing tool
Split acceleration into modal/ harmonics acceleration response
LeveI of part|C|pat|on of each mode in the response
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Senvion MM82 - Fatigue Assessment
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* Vibration estimation at unmeasured sections * (“Dynamic”) fatigue damage evolution
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Senvion MM82 — Optimization

/J - Layout 1 - Top sensors
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« Layout 2 — Sensors at 2/3 tower height » Layout 3 - Top Sensors + 2/3 tower height
— Damage identification — Damage identification
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Conclusions

* Modal identification

— Ability of OMA algorithms to identify modal properties
throughout different operating conditions

— The results obtained show a high accuracy in detecting
structural changes (damage) at the foundation / tower level
(onshore and offshore wind turbines)

 Fatigue assessment

— The methodology for fatigue assessment showed promising
results to estimate the fatigue damage condition at any
position of the support structure

* Optimization
— There is an important potential to reduce costs of installation




