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Impacts of Nonsteady Load Response on Main Shaft
Moments and Forcing of Main Bearing @
daytime atmospheric turbulence
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(Lavely, PhD Thesis, Penn State University, 2017)
Large-Eddy Simulation of the Interaction Between Turbulence

Eddies in the Daytime Atmospheric Boundary Layer and the
Rotor of the NREL 5 MW Wind Turbine (Actuator Line Model)
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A Key Result: Temporal Variations in
Torque vs. Non-Torque Bending Moments From Atmospheric
Turbulence Eddies Are Uncorrelated @]n
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A Key Result:
Torque and Thrust Variations Are Correlated With
Rotor-Averaged Wind Speed @].

Wind Asymmetry
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A Key Result: Non-Torque Out-of-Plane Bending Moment
Variations Are Correlated With Wind Asymmetry Over Rotor Plane @]’
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Result With Field Analysis of the
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The GE/NREL Wind Turbine Relative to the
"Front Range" of the Rocky Mountains
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The Site: The NREL Wind Site and Met Tower Relative
to the Front Range of the Rocky Mountains
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Met Tower and NREL/GE Wind Turbine
Instrumentation

Westerly winds
carrying mountain eddies

140

120

100

80

60

40

20

Cup /vane

130m
Temperature

e

-
~  Torque
Turbine a[?'n
rotor
Turbine
rotor
.
~ —
<
M5 or m
Site 4.0
tower N

[_ij) 122m

L

= 119m

87m
|- A

—< 74m

Ly

Sonic
anemometer

< 6im
55m

v> v
— /
=< 41m
p-
a8m

L P aom

2

———x]. 1¥m

j 10m
| &P

am

Blade root —————t

bending
moment
gauges (flap

and edge) Ty
(strain gauges)

1\

bearing rotor
Main
bearing Geneitor
1]
08m
e
I }
I A ]
l S Gearbox
Generator
Low-speed shaft active/reactive
L bending moment power and

gauges (0° and 90°)
and torque gauge
(strain gauges)

162.2m

rotational speed

Tower base
bending
moment gauges
(0° and 907)
and torque
gauge
(strain gauges)

q’_) nacelle cup anemometer

)

1
:E MSZey +MSyeZ

—

™~

\Tower top bending
moment gauges

(07 and 90°) and
torque gauge.
Tower top
accelerometers
(North-South and
East-West)
(strain gauges)

I 495m

10



The 10-Minute Data Sets From the Wind Turbine@]

NUMBER OF DATA SETS SELECTED based on

- Afternoon, relatively steady winds
- No precipitation and minimal cloud cover

e Total number of westerly 10-minute data sets: 139
¢ Total number of northerly/southerly 10-minute data sets: 33

APPROACH
(1) Analyze westerly data with met and nacelle anemometers

(2) If met and nacelie anemometers give close to the same result,
analyze northerly/southerly data with nacelle anemometer

GE/NREL
1.5MW




Identification of Turbulence Eddies as Advected
Signal From Met Mast to Turbine &
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Identification of Turbulence Eddies as Advected
Signal From Met Mast to Turbine
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Full Segregation of Data
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Key Correlations Quantified

VERY HIGH CORRELATION
- Torque vs.
* Horizontal wind speed

Insufficient data to develop a
corresponding experimental
"asymmetry parameter."

VERY LOW CORRELATION

- Non-torque bending moment vs.
* Horizontal wind speed

* Torque
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Other Interesting Results
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Conclusions:

%
DIFFERENCE

28%
difference

38%
difference

¢ The mean of the out-of-plane bending moment is of
the same order as the mean of the torque required for

power.

e The peak-to-peak variations in the out-of-plane

bending moment are higher.

= The moments that force the main bearing are as large
(or larger than) the moment that generates power.

Additional correlations between wind speed and

e Blade flap bending moment:
¢ Blade edge bending moment :

e Tower base bending moment :

0.614
0.066
0.736
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Conclusions @],

1. Lavely/Brasseur analysis of LES with ALM shows that:

e Turbulence eddy passages create large fluctuations in all moments.

e Time changes in torque correlate strongly with horizontal wind
speed variations within eddies.

e Time changes in non-torque bending moments are uncorrelated with
horizontal wind speed fluctuations but correlate with the asymmetry of
horizontal wind fluctuations over the rotor disk.

= The mechanisms underlying torque fluctuations (power) and out-of-

plane bending moments (forcing main bearing) are fundamentally
different.

2. ldentification of 10-minute periods where mountain eddies pass
from met tower to NREL/GE 1.5 MW wind turbine:

e Removal of data periods with poor alignment and too-low winds
e Removal of data periods where pitch interferes with load correlations.
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Conclusions

3. Correlations from field data analysis are consistent with LES/ALM:
e High correlation between main shaft torque and
- rotor-averaged horizontal wind velocity fluctuations

e Low correlation between main shaft torque and
- non-torque bending moment fluctuations
- horizontal wind velocity fluctuations.

4. Impact of turbulence eddies on non-torque bending moment
fluctuations are on the order of the impact on torque fluctuations.

5. Same results with the nacelle anemometer (not shown).

The Combined Simulation and Field Analysis Potential
Importance of the Passage of Atmospheric Turbulence
Eddies to Main Bearing Function and Failures
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