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Abstract The dynamics of a floating body in waves are usually characterized by its motion equation,

which takes the following form when the Morison formulation Is accounted for the whole

Several efforts to improve offshore wind resource assessments in deep waters have been body and no external damping (C) and stiffness (S) effects (only the intrinsic in heave, roll
done in recent years. Although some commercial solutions can be found, characterizing the and pitch) are considered.

wind resource Iin deep waters is still a very expensive task. When not associated with the y . . 1 . :
M X(t) = Mg(1+ Cp) vy — MsCoX(t) +=pCp D (vp—X(8))|vy — X(@)| — pgSX(t)

measuring technology itself, sonic anemometer or LIDAR, the increment in costs Is directly 2
related to the supporting platforms, buoys and mooring systems. " . . . . -

PP I P Y J5Y Additionally to the forces on the motion equation, a preliminary analysis of specific effects as
The development process and main characteristics of a new SPAR concept in Glass Fiber the impact forces where evaluated by the (Wienke, 2005) method. The results obtained
Reinforced Plastic (GFRP) to measure offshore wind in depths of over 100 meters are were based on the software Ansys AQWA and are presented in the following lines.

presented here. Concerns regarding economic and survivability factors were in the genesis

of the idea. Hydrodynamic and mechanical modeling supported the conceptual design Results
strategy. Morison formulation was applied due to the slender character of the body. Since

VISCOUS e_ffects were important, and_they are quadratic_to the velocity, a_drag linearization The Response Amplitude Operators of the body were obtained in the frequency domain
was applied to the irequency analysis approach. Resulting from the non-linear character of considering a linearization of the drag term for different sea states. The drag term was
the system, a time domain approach was also applied to achieve realistic results under linearized with (Borgman, 1967) consideration on drag linearization where the quadratic

extreme design conditions. Slamming and bending analysis considerations were added to

_ _ velocity term is approximated by u.u,,,,.+/8/m, with u,,.as the standard deviation, or root-
the numerical evaluation.

mean-square value for the velocity.

"he numerical results showed that the buoy is stable in operation conditions, achieving with
minor structural concerns maximum rotations of 30 degrees and vertical displacements
under 10 meters when exposed to extreme 17 meters regular waves.

The variation caused by linearizing the drag term can be identified in the graphic below. Since
the body Is axisymmetric the movements of sway, roll and yaw were not considered. The final
manufactured model of the final buoy Is presented on the right.
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Introduction

~ Many efforts to improve marine observation systems have been identified ] N A [ =
during recent years. %0;: o
With this background, the development of a SPAR prototype buoy L R R
concept, final design can be seen on the left, was initially needs driven by 4 ) —
the necessity of having low-cost structures to measure offshore wind. 2 il & —
Some concepts were identified for this type of application, examples are T v o
@ the fixed foundation FINO platforms or the met-masts floating platforms b2 o4 0s s 1 12 e 16 18 2 22
commissioned in Santander, Spain.
The SPAR solution that will be presented intends to tackle the technical Extreme environmental conditions from the northern coast of Portugal were used as reference
challenges of measuring offshore wind by presenting a technical and to calculate the non linear time response in regular waves and irregular waves.
economic viable alternative to the current existing solutions. Two common | | _ _ |
types of ocean SPAR slender structures involve geometrical application of Due to the nonlinear character of the analysis a time approach evaluation was applied to
simple vertical cylinders or, and truss structures. SPAR buoys are calculate the loads in the fixed and moving condition. An extreme analysis with the buoy In its
characterized by their inherent stability in waves. Their geometric fixed equilibrium condition was considered to evaluate the maximum wave loads, and
characteristics, very slender structures, minimize the disturbance caused consequently to set the conditions to the mooring system design assessment. Below, on the
hy the ocean waves. left Is possible to analyze the extreme waves loads in free (up) and fixed (down) condition.
i n a cost effective, handling, application basis and due to its physical | | | | | e 4
s s  advantages GFRP was considered as the material to be implemented in 2 | =
3 38 ) ) = R o8] A | o UAAARE L WAL
SIS the production process. In the case of a slender structure like a SPAR, 5 o eg@ﬂ')“"‘"’""’""’""""""r%‘"""Ir.""."A’"".‘"‘.‘"""A”"‘. v w me M M’Mw
special emphasis was given to the mass distribution effect on the buoy’s ‘ ‘ ‘ ‘ ‘ ‘ os® I o =] m”ﬂfﬂ p ,M.MW i
i stabiity and free floating movements. Since a low weight material e s W ::g:mJWWM& ::Ej’wLLLH*ML . KU
application was considered, a substantial need of ballast was expected. . l . [ . o o
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Based on the previous assumptions, a design process was implemented S 1 L 1 st N S et |
mw + 1+ to design a met mast to measure wind 10 meters above the ocean surface " ' | = WN’MWEWH'W' - WT‘W“ - HMW - ‘

i milimeters with considerable stability. Several aspects needed to be addressed in Tz i = = ::EW“J”J»MJMWU AN A ) wwmﬂﬁ:MJMWW
order to define the concept key features. The design procedure can be o
found in the following scheme. On the right are presented the loads concentrated in nodes of the structure which were
_ _ _ posteriorly transferred to reproduce the distributed environmental loads of the structural

Observation Network Buoyancy and Stability GFRP model. Here the current effect was considered in the fluid particles relative velocity.
Assessment of main users — [Design Generation Hydrodynarr;'ic T

(Necessities and Requirements) and Structural Analysis

No

Decision Matrix

el e Conclusions

SPAR Concept

— Yes Modelling offshore operating bodies is of major importance for a cost-efficient analysis. In
some sectors this practice is well established and in others it is steadily growing. The new
buoy GFRP concept has shown itself stable in operation conditions, with minor structural
concerns when exposed to extreme 17 meters waves. Prototype validation is underway.

Hydrodynamics

Hydrodynamics of slender structures in waves are characterized by the importance of viscous
effects which are not considered by most of the potential theory codes available. The

slenderness of a structure is always classified relatively to the wavelength of the incident wave. Acknowledg ments
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