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G97 90m Load Validation Campaign
0.0 INTRODUCTION

97 90m at NREL NWTC (USA)

Blade A

TC mark = 0mm

1431mm

2862mm

4293mm

Blade C

TC mark = 0mm

1432.5mm

2865mm

4297.5mm

□□

� Met mast
� Prototype

Are our models and aeroelastic codes reproducing the dynamic
behaviour of the WT? Are the load levels accurate?

Uncertainties are everywhere
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G97 90m Load Validation Campaign
0.0 INDEX

1.0 Wind Conditions recreation

2.0 Aeroelastic Model adaptation to Prototype

3.0 Power production Simulations and Post Processing

4.0 Comparison measurements vs. simulations: FBM
4.1 Operating parameters
4.2 Extreme and Fatigue Loads
4.3 Frequency Analysis (FFT)

5.0 Conclusion and Future improvements
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� Necessary wind data for the simulations are measured 
from the Met Mast: the mean values of
o Density
o Wind Shear
o Wind Direction
o TI: longitudinal, vertical and lateral
o Upflow

G97 90m Load Validation Campaign
1.0 WIND CONDITIONS RECREATION
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� Blade Adaptation:
o Mean Blade definition from the mounted three 

blades. 
o Imbalance setting.

� Drive Train adaptation

o Drive Train frequency: the aeroelastic model 
Drive Train Stiffness can be modified to match 
the frequency measured in field.

� Others

o In other to minimize error sources: pitch TC…

� Frequency verification

o The Campbell diagram can be performed to
guarantee deviations of the prototype are low.

G97 90m Load Validation Campaign
2.0 AEROELASTIC MODEL ADAPTATION TO PROTOTYPE
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� Winds and Simulations
o 585 10min measurements, Capture Matrix Fulfilled!
o 585x6 seeds = 3510 turbulent winds and power production simulations.

� Channel Combination

o Shaft Gauges: MSMy and MSMz calculation.
o Tower and Blade Gauges:

1. intermediate sections . 
2. Different reference systems (Blade).
3. Rotation due to gauges positionning.

� Fatigue Equivalent Load calculation

o 1Hz Rainflow Cycle Counting for 10min Measurements & Simulations.
o Representative Equivalent Load per Wind Speed bin.
o 20 year partial equivalent load.

G97GF90 Load Validation Campaign
3.0 POWER PRODUCTION SIMULATIONS AND POST PROCESSING
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� Electrical Power vs. Wind Speed

G97 90m Load Validation Campaign
4.0 COMPARISON MEASUREMENTS VS SIMULATIONS

4.1 OPERATING PARAMETERS
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� Mean values of the Pitch

G97 90m Load Validation Campaign
4.0 COMPARISON MEASUREMENTS VS SIMULATIONS

4.1 OPERATING PARAMETERS
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� FBM STATISTICS: MAX, MEAN & MIN

G97 90m Load Validation Campaign
4.0 COMPARISON MEASUREMENTS VS SIMULATIONS

4.2 LOADS
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� FBM STATISTICS: STD DEVIATION

G97 90m Load Validation Campaign
4.0 COMPARISON MEASUREMENTS VS SIMULATIONS

4.2 LOADS
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� FBM STATISTICS: MEAN VALUES PER BIN

G97 90m Load Validation Campaign
4.0 COMPARISON MEASUREMENTS VS SIMULATIONS

4.2 LOADS
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� FBM FATIGUE LOADS

G97 90m Load Validation Campaign
4.0 COMPARISON MEASUREMENTS VS SIMULATIONS

4.2 LOADS

Leq4 Leq8 Leq12

Sims EqL 20 Years 1Hz 0.913 1.117 1.214

Measured EqL 20 Years 1Hz 0.895 1.134 1.251

2.0% -1.5% -3.0%

Blade_My
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G97 90m Load Validation Campaign
4.0 COMPARISON MEASUREMENTS VS SIMULATIONS

4.3 FREQUENCY ANALYSIS

� FBM FFT analysis

o A 10min measurement time 
serie is selected
(V=15m/s>Vrated) � a power
production simulation is
created with the same wind
conditions.

o An FFT analysis is performed
for all the variables involved
in the comparison with both
time series, measurements
and simulations.

o Response Spectra are 
compared in order to identify
dynamic discrepancies.
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� Conclusions

o Despite all the uncertainties involved in the process, good agreement is observed in general.

o Strong interaction with the instrumentation entity is essential to find the sources of discrepancies.

o The selection of the Wind Site for the prototype is important (avoid Complex Terrain).

o A lot of data involved in measurements and, specially, in simulations � a good data management
(preprocessing, filtering, post processing…) is essential for efficiency.

o A lot of useful information gathered � Maximise its use!

� Improvements

o Grow the possiblities of the simulations (wind shear, wind direction, input different blades…).

o Quantify the uncertainties in order to have a better idea of where we really are.

G97 90m Load Validation Campaign
5.0 CONCLUSIONS AND IMPROVEMENTS
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G97 90m Load Validation Campaign
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La experiencia de Gamesa en su gestión de la 
Propiedad Industrial: 2004-2013

Disclaimer

The present document, its content, its annexes and/or amendments (the “Document”) 
has been drawn up by GAMESA CORPORACIÓN TECNOLÓGICA, S.A. (“Gamesa”) for 
information purposes only, and contains private and confidential information regarding 
Gamesa and its subsidiaries (the “Company”), directed exclusively to its addressee. 
Therefore it must not be disclosed, published or distributed, partially or totally, 
without the prior written consent of Gamesa, and in any case expressly indicating the 
fact that Gamesa is the owner of all the intellectual property. 

All the content of the Document, whether it is texts, images, brands, trademarks, 
combination of colours or any other element, its structure and design, the selection 
and way of presenting the information, are protected by intellectual and industrial 
property rights owned by Gamesa, that the addressee of the Document must respect. 

In particular (notwithstanding the general confidentiality obligation), the addressee 
shall not reproduce (except for private use), copy, transform, distribute or publish to 
any other third party, any of the information, totally or partially.


