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Simulatinghe dynamic response of floating wind turbines
at sea requires coupled FEA simulations that account for
the combined effects of aerodynamic loads on the blades,
active blades pitch control, hydrodynamic loads on the
floating platform and dynamic mooring loads.
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designed specifically to assess the dynamic response of
floating andfixed-bottom windturbines submitted to
offshore environmentaloadings.
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dynamic FEA simulations of all offshore wind turbine
components. These simulations provide understanding of
the dynamic response of the wind turbines, the floating
platform, the dynamic mooring lines and the power cable.
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Overview

development project started in 2011 with the aim of
allowing design engineers to run advanced analyses at
reduced effort
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Floating &
fixed-bottom
wind turbines

IFP Energiesouvellesdeveloped dedicated
aerodynamic loads and blades control analysis routine

GKIG 6SNB AyGaSaNI GSR Ayl
YI-NJlS[']SIV? o0eé tNJ\yOALJAI- g2
software.
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the tower, thesupportingplatform and the mooring
systemq are allmodelled as beam elements and may b
easily defined in a single model. This global model
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or quaststatic mooring simulation capabilities provide
the various levelsf modelling required for basic
engineering andletailed design projects.

The softwaranaybe used by wind turbine suppliers,
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power cable suppliers, at any stages of
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Applications

~ approach. Setup of str ctural components
of horizontal axis wind turbines is made

simple thanks to a specific HAWT model
mponent. :

comp =

Enables the design of mooring :
through fully coupled analyses accounting for
. firstand second order wave Ioads Quasi

Enables the assessment of the
global performance of any dynamic
power cable.
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Offshore floating wind turbines

Applications +
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Applications

Offshore fixed bottom wind turbines




Floating vertical axis wind turbine

Applications




Modelling capabilities

A BEM + dynamic stall and losses for

The dynamic analysis engine offers a broad range of
horizontal axis WT

options to model the combined effects thfe
aerodynamidoads on the blades, active blades pitch
control, hydrostatic and hydrodynamic loads on the
floating platform anddynamic moorindgoads.

A Single/Multiple Stream Tube model
for vertical axis WT

A Includes tower shadow effect

Aerodynamic

loads Accounts for the deflected shape of

the blades

/

A" Control algorithms available
through external Dynamic Link

Libraries (DLL) Active control Hydrostatic

loads

Dynamic A Hydrostatic stiffness matrix

analysis A
engine

Individual pitch of blades

Keyfeatures

Nontlinear hydrostatics based
on pressure integrals over the
hull surface

Power extraction (generator)
Nacelle orientation (yaw)
Rotor shaft (brake)
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A Nonlinear hydrostatics based

o . on barelements
Mooring lines Hydrodynamic

dynamics loads

/

Drag and inertia Morison elements

A Mooring stiffness matrix Diffraction/radiation loads

A Quasistatic_modelling based on First order wave loads based potential
load-excursion curves flow calculation

>

A Fully dynamic based on detailed Quadratic transfer functions fd" order
" PRINCIPIA FE modelling 0 waveloads based on Newman &ll-QTF




Blades aerodynamics Power train
A The blades are defined using 3D beam dynamic finite A The power train characteristics are used as input data
elements that account for the structural twist as well to general control and power generation

as variable stiffness and structural damping along the
ping g Support structure

blade.
A Both inplane and oubf-plane prebends may be A Mono-pile, tri-pile, jacket or any type of floating
modelled platform can be modelled

A Accounts for hydrodynamic loads on beam elements
based on Morison equations and loads on solid hull
based on potential flow theory

A Aerodynamic loads account for the dynamic deflection
of the blades.

ROtor ¥ | it horizontal axis wind turbine HAWT_OC4 ot BEM. ] S et S}
A Any number of blades e >
bame: HAWT_OC4_Pot_BEM Heading / Ox: deg. Save
K eyfe atu res A Upwind & downwind horizontal axis and vertical axis X0 YR e mwn g gemeom el
A Clockwise & anticlockwise rotation T o o e e
Blades control oot 0w
A Individual or collective blades pitch control e flowt Jod0
Shaft OverHang |-5.000 m
A Constant or variable speed e
A Yaw control e [ o o
NacCMn _[1.900 m
A Pitch control algorithms available through external e
Dynamic Link Libraries
Main shaft SR
A The main shaft is modelled as a dedicated beam
element, allowing for posprocessing of loads and Fig. View of the HAWT model component data form
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Keyfeatures
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Analyses types

A Ultimate limit strength analysis: assessment of
extreme loads along structural members

A Fatigue loads analysis: assessment of fatigue loads
histograms along structural members and derivation
of resulting fatigue damage throughNScurves

A Installation & decommissioning: towing, crane and
barge operations

A Assessment of export cable configuration
performance and stability on the seabed

A Interference analysis: assessment of the clearance
between the dynamic power cable and the mooring
lines

Environmental loads

A Constant winds, unsteady winds gusts, conventional
wind spectra, hub height winds and full field
turbulent wind

A Linear (Airy) and nofinear wave theories (Stokes,
Dean Stream) for modelling extreme regular waves

A Large range of random wave spectra (JONSWAP,
OchiHubble, PiersoiMoskowitz, Gaussian and user
defined)

A Steady and unsteady current profiles with variable
direction over the water column

HAWT model component

A specific HAWT model components is included in the
GUI to help setting up all data related to the wind
turbine.

Finite elements

A Beam elements (6 DOF per node): used to model any
structural member featuring axial, bending and
torsion loads

A Bar elements (3 DOF per node): used to model any
structural member featuring axial loads only.

A Cable elements (3 DOF per node): used to model any
structural member featuring axial loads only without
compression.

Seabed interaction

A Able to handle any bathymetry through meshing of
the seabed surface

A Linear and nodinear normal contact force models

A Standard Coulomb friction with specific coefficients
along the axial and lateral directions

A Berm effect and nostinear friction laws

A Able to model the interaction between the
foundation and the soil througRyTzcurves



A Modular working environment A Wide range of structural model components
A Multiple windows GUI A Wide range of environmental loadings
A Unattended batch processing features A Designed to handle large set of load cases
with multi-tasking capabilities A Copy/paste and import/export features are
A Comprehensive help system available for any model components
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A Direct control of all components and A Displays animations and numerical A Large sets of static and dynamic
loads from a unique model file outputs outputs available
A Includes HAWT model component A Video files export A Includes plots and statistics
A Export toExcel A Fatigue analysis through RFC

method




Batch &

productivity
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Offshore engineering continuously raising its Taskssuch as fatigue analysis, zones study post
standards thus also increasing the required number of processing, export of results statistics, and clearance
analysis cases all of which need to be completed within  check analysis may also be included in the list of tasks.
.O K.I' tes y'a Ay 3 .LJN‘E esouan aokK S'Ffﬁgzéat%hap%ce!ss%ga irﬂe?fzg\&‘af%a‘:ﬁy p'f’m%d%s"’la%ettgrS
mp_he; 'enhancmg automation of analyses setup and control over the analyses as it reports the current status
optimizing the use of computer capacity. of every tasks, indicating whether it is successfully
Analyses sets completed, running or failed

Any model may include several Analyses Sets which __
typically correspond to the load case matrices that need ,‘"mw- _ _ _ —
to be considered within the design. These Analyses Sets |[: = e —— e — | R
are based on series of environmental loads that may be
conveniently defined within the Environment Sets
components.

Batch processing

TheBatch Processing is designed to answer users
demand and helpingompletingthousands of analysis
casest limited effort TheBatch Processirigrm is fully

integrated into theGUland is directly available from the & - g e Corseed favnd bove (gd gt et
Tools menu. Fig. Viewof theBatch processingata form

The formconsistdn a list of tasks to be performed, and
includes controls to setup the list and run the tasks. Each
task is defined through an input file and a job type which Multi-taskingis availablethrough theBatch Processing
defines the type of command to be executed form. Users may run up to 8 tasksncurrently and take
advantage ofmultiple-coresprocessors capacities, still
using a single license key

Multi -tasking

The batch processing facility may be used to perform
tasks that go from analysis files setup to analysis results
export to Excel.



Validation Technical support

Validation of wind turbine features is mostly based upon Both technical software support (for problemsth
IEA Wind programs OC4 and OC5. Validation of other creatinga model or performing an analysis) asybstems

modelling features was performed as part of the support(for installation, licensing, andardwarerelated

5 S S LJ ajidat@ripéogram. problemg are offered through emadlt

Selected references deeplines@principia.fr

A OMAE 201810780-6 Cdzf £ & O2 dzLJ SR T t1EINAYEIHESES, 5 v R
turbine simulator based on non linear finite element Principia deliver both ktsompany courses and public
methodct F NIi ™M Y YL®duikfeHe@ter2 3 & ¢ courses open to multiple companies:dampany courses
Piriou, Berhault Perdrizet Gilloteaux TeixeiraFerrer may be scheduled at your convenience and run at your

A OMAE 201310785-6 Cdzt f & O2 dzZL)X SR ¥ tbﬁsln?ﬁ%ﬁﬁ“s% Qr @ local venue if you prefer it off
turbine simulator based on non linear finite element
methodqt F NI H Y Ol -PardRitefi A 2y NBuk strtward taining courses include both a general
& Support Gilloteaux Teixeira, FerreRirioy, Cadioy Heurtier, Le training withDeepLinee C9! &a2F 041 NB |
Cunff overview of the software caquilities, and acourse
A OMAE 201424040-ah/ n gAGKAY L9! ggdegedppegplined Ay Ru 6 KA OK RSO
Phase Il results regrading a floating semisubmersible wind turbines models and perform fully coupled dynamic

Validation

GAYR &aeaisvys simulations accounting for aerodynamics, blades control
A OMAE 201424396 dinfluence of hydrodynamic platform hydrodynamics and mooring line dynamics.
modeling assumptions on floating wind turbine Open courses are regularly scheduled at our facilities ar
behaviouk - LeDru, LeCunff Perdrizet Poirette announced on our website.
Documentation Contact
The documentation provided with the software includes  Please email our software team dgeplines@principia.fr
a comprehensive help system, an example manual, a if you wish to learn more aboueepLined A Yy Ru X
theory manual and a range of presentations extracted request for a free evaluation license or a quote.

| 2L from our training courses material. @



Licensing

options
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Onetime purchase

The software is available for perpetual purchase. The
price for perpetual purchase includes maintenance,
upgrade and support (MUS) services for a duratioh2of
months. MUS services fees apply for the following years.

Longterm rental

The software iswvailablefor longterm rental. The
duration of longterm rental is 12nonths. The price for
longterm rental includesnaintenance, upgrade and
support (MUS}ervices.

Shortterm rental

The software is available fgshort-term rental with a
minimum duration of 1 monthThe price foshort-term
rental includes maintenance, upgrade and support
(MUS)services.

Leaseto-purchaseoption

You can convert lease inpurchase at angime over the
rental period. A significant proportioof the rental fees
can be reimbursed upon conversiongarchase.

Multi-copy discount

We offer multicopy discount®n DeepLines licenses.
These discounts apply to multigieenses orders made
for use by the samerganization at the same site.

Network and nodelocked licenses

Network licenses let any user connected to your local
area network access the softwar@eepLines network
licensing uses the FlexNet network license manager fror
Flexera Software to control a DeepLines licesewer.
Nodelocked licenses can also be provided at a reduced
rate against network licenses.

License borrowing

To provide license mobilitfpeepLinesupportsFlexNet
license borrowing. This capability lets you iepLines
on computers that do not have a continuous connection
to the license server.

Academic licenses

Academigqricing is available for educational use at
accredited academic institutions only

Free evaluation version

Temporary licenses required for potential users to
evaluate the software can be issued for free upon
request. The validity of these licenses is generally 1
month.



Localagents

BalanceMarinetek Inc. (BMI)

Suite 1506, Centum Green Tower.,
78, Centum Jungan®, Haeundaegu
Busan, 61020 Rep. of Korea

W: www.bmigroup.co.kr
E:deeplinescontact@bmigroup.co.kr

Oceanira s.r.l.

Via llva 2/9

16128 Genova, Italy

W: www.oceanira.com
E:deeplinescontact@oceanira.com

Petropartner Partnership Company Ltd.

Suite 141, 14th Floor, Ree Tower

9 Doan Van Bo Street, Ward 12, District

Hochiminh City, Vietham
E:hanhph@petropartner.vn

BMI is an independent offshore and marine engineering
consultancy organization, providing high quality services
to the offshore oil & gas and renewable energy
industries.

Oceanira is a highly specialized company providing de
and technical consultancy services in the oil & gas, nava
shipping, transportation and energy sectors

Petropartner is a leading oil and gas service company
operating in Vietnam. Products and services range from
upstream such as seismic to drilling.

BeijingDedingJijieTechnology Co. Ltd.  BeijingDedingjijieTechnology Co. Ltd. is a hitgth

Room 612/CCaizhiGuojiBuilding, No.18, company focusing on exploration and development of oil
EastZzhongguancuRoad HaidianDistrict, and gas with purpose of serving clients. The company is
Beijing 100083 engaged in the exploration and development of oail,

W: www.ddjjchinabj.com software research and development, sales, technical
E:yilibin@vip.sina.com support and service
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About us
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Principia
Principia is an independent engineering, consultancy
and software development company active in the

fields of energy, oil & gas, naval and offshore
renewables.

Our track record covers projects from equatorial
swamps to polar deepwater, from oil production
facilities to LNG developments.

We deliver expertise and grourateaking engineering
design services applied to floating facilities, subsea
modules, umbilicals, risers and flowlines, fixed

platforms, offshore service vessels and LNG terminals.

With a workforce of over 100 engineers and offices in
France, Malaysia and Denmark , we can provide
expertise and engineering services worldwide.

Offices in
100+ France,
engineers Denmark &

VEEWSED

Oil &Gas
Renewable
NEVE]
Nuclear

IFP Energies nouvelles

IFPEnergies nouvelles (IFPEN) is a ptdditor research
and training center. It has an international scope,
covering the fields of energy, transport and the
environment.

Fromresearch to industry, technological innovation is
central to all its activities.

Aspart of thepublicinterestmission with which it has
been tasked by the public authoritids;PENocuseson
providingsolutions to take up the challenges facing
society in terms of energy and the climate, promoting
the emergence of a sustainable energix, and creating
wealth and jobs by supporting French and European
economic activity, and the competitiveness of related
industrial sectors

1663
employees

Top 100
Global
Innovators
Thomson
-Reuters

€238.5 M
operating
expensegor
R&D



