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INTRODUCTION

This research aims to analyze the effectiveness of implementing a novel dynamic structural analysis technology
for evaluating the integrity of offshore wind turbines subjected to lateral forces, such as high-speed winds and
wave impact, using state-of-the-art remote sensors, particularly Light Detection And Ranging (LiDAR). The

research implements mounted accelerometers, a proven and reliable traditional method, for validation purposes.

OBJECTIVE

This research aims to provide a full-field characterization of the structural dynamics of offshore wind turbines
through the implementation of a mobile LIDAR sensor, which involves frequency, deflection amplitude, and
mode shapes.

METHODS/TECHNOLOGIES

To achieve the objectives of this research, a physical model of a wind turbine was designed, constructed, and
subjected to lateral motion. The tower was built using galvanized steel, wood for the blades, and a compact CD
motor in the nacelle. During the data collection, two sensors were implemented: (a) a mobile LiDAR and (b)
wireless-mounted accelerometers. To simulate the lateral forces, the tower was placed on top of a shake table,
which was set to operate at the following frequencies: 1, 2, 2.7, 3, and 4 Hz. Once the data was collected, it was
analyzed using Microsoft Excel (Fast Fourier Transform) and CloudCompare (estimations of deflection and
number of cycles).

RESULTS

The data collected via the LIDAR sensor is recorded in the form of point clouds. This data was analyzed through
CloudCompare by measuring the amplitude of the vibrations, mode shapes, and measured frequencies for each
shake table setting. The results found that the measured frequencies were at 1, 2, 2.5, 3, and 4 Hz through the

Point Cloud data, and 0.977, 1.709, 2.686, 2.832, and 3.809 Hz through the accelerometer data. The graphs on
the right showcase the data both sensors collected.

DISCUSSION

It is important to highlight that this is a novel implementation of mobile LIDAR data; this research presents
pioneering steps in the path of its implementation for characterizing the full-field dynamics of wind turbine. The
current point cloud data analysis method has a precision of 0.5 Hz. Therefore, further refinement of the method
Is needed to increase the accuracy of its results. Implementations of this method could combine the use of
drones as platforms to reach the tower within the operating range of the scanner.
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The following table presents the overall
results gathered from the dynamic tests set
to perform at 1, 2, 2.7, 3,and 4 Hz. The
results from the accelerometer and LIiDAR
sensor are presented with the corresponding
percent error.

Accelerometer Data

700.000

600.000

500.000

400.000
0.977,541.888

300.000

200.000

100.000 w/\/\/

0.000

-100.000
0.000 0.500

G

= ]

Q

AU LR °
‘}J"J?-'LJ Fa g |

= AP L ~9_ 0 -
—r -'I _'-"-.' £ _J .
IZUFT 9V Oa

2 o4

Point Cloud Data

0.977,593.895

—Top Motor
Top Tower
—Mid Tower

—Bottom Tower

0.977,572.574

1.000 1.500 2.000 2.500
Frequency (Hz)

Frequency (Hz)

2 2.7 3

1.7092.686|2.832

-15% | -1% | -6%

2 2.5

Contact: Justin Dworacek
justindworacek@gmail.com

0% | -7%




	Slide 1

