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SACS, and EDP (the latter two are modeling
software packages commonly used in the
offshore oil and gas industry). The level of
agreement in terms of modal properties and loads
for the entire offshore wind turbine components
is excellent, thus allowing SubDyn and FAST v8 to
accurately simulate offshore wind turbines on
fixed-bottom structures and accounting for the
effect of soil dynamics, thus reducing risk to the
project.

INTRODUCTION

SubDyn is the substructure structural-dynamics
module for the aero-hydro-servo-elastic tool FAST
v8 SubDyn uses a finite-element model (FEM) to
plex multii ber lattice structures

d to co | turbines and towers,

and it can make use of the Craig-Bampton model
reduction. Here we describe the newly added
capability to handle soil-pile stiffness and
compare results for monopile and jacket-based
offshore wind turbines as obtained with FAST v8,

SUBDYN BASE THEORY AND FAST v8 FRAMEWORK
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Integration via state-space formulation (see [1])

x= states [qm, dm]"

u=inputs [Urp, Ure, Urp. Fi, Fyosl" displacements, velocities, and
accelerations of the TP and extoml orces appled to the structure 1y,
Yy=outputs [~Fyp; Ug, Uy, U, Uy, Ug, U, ie., the reaction at the TP;

deecons, veloces, and aceelerations of the substructure
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Figure 1. SubDyn layout within FAST’s modularization framework
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MODEL VERIFICATION WITH ANSYS

An initial comparison against ANSYS was performed in terms of modal and transient (decay) analysis
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Figure 2. Decay response. Time series of the transition piece
displacement in the fore-aft direction after a 1-m initial deflection
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MODEL VERIFICATION WITH EDP AND SACS

In the course of a study conducted for the Bureau of Safety and Envir I Enfor (BSEE),
SubDyn’s new capabilities were tested cial FEM pack such as SACS and EDP [2-3]. The
substructures investigated were the OC3 monopile and the OC4 ]acket both supporting the NREL 5-MW
turbine.
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Figure 3. Monopile substructure used in [2] Figure 4. Jackel substruciore used in 2]
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Figure 6. PSD (top) and time series (bottom) of
the shear force at the base of the upwind leg for
the jacket-based configuration used in [2], as
calculated by FAST with SubDyn and SACS

parameters not perfectly matched
among the different software codes
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Figure 5. Power spectral density (PSD) (top)
and time series (bottom) of the shear force at
mudiine for the monopile-based configuration
used in [2], as calculated by FAST with SubDyn

andEoP ADDITIONAL VERIFICATION: SubDyn vs. SUPERELEMENT APPROACH
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CONCLUSIONS

Modal and decay analyses of
offshore wind substructures, with
equivalent pile stiffness and mass
matrices, proved that SubDyn with
S8l extension produces results that
match those from
grade finite-element analysis
packages such as ANSYS.

superelement with

The main elements of the
stiffness matrix and the first
four eigenfrequencies
calculated by FAST with SubDyn
for monopile- and jacket-based

Verification efforts thus far have been

conducted in support of recent studies for

BSEE [2-3].

Although loads and structural response

have proven to be comparable between

offshore wind turbines closely FAST v8 with SubDyn and commercial
hed those d by fty further targeted verification and

SACS and EDP (7% i idation is r

relative error).
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