Ship For Transporting A Wind Turbine Onto An "Offshore" Site And Method For Placing It The
present invention relates to a ship for transporting to an "offshore" site, that is one located in the open
ocean, a wind turbine provided with a so-called "gravity type" foundation. It also relates to a
process for placing a wind turbine on an "offshore" inktallation site, using a ship. Currently, most
wind farms are installed on offshore sites in two main steps. The first consists of a phase involving
installation of the foundations for the wind turbines, while the second consists of the installation of the
wind turbines themselves, that is placing their pylon, their cowling and their blades. For the
foundations, there are several types of snips allowing them to be transported on-site and to be
installed. These ships depend on the type of foundation. They can consist of a barge or a ship of the
"jack up" (self-lifting) type, a barge-mounted crane of the "shear e ' type, or even various
crane-equipped ships. ShiBrE ¥xiSraBsRRITINE Lot YonAdBMB R IPRASAR bines. Thus
mono-pile, jacket,gravity, suctiS@pfkhets’ ThikeldindsMeatlvedfemtiBhadingiit  For the lightest
foundations (to wit, the =no-pile and tripod types), ships with sma:1 1"--nHng capacity are suitable;
they aremore or less expensive and fairly common.

The present inventlon relates to a ship for
Transporting tTo an “offshore” site, that is one locate
in the open ocean, a wind turbine provided with z so-
called “gravity type” foundation.
It also relates to a process for placing a wind
Turbine on an “oifshore a
Currently, most  wind farms  are  insteallsd on
ffshore sites in two main steps. The first consists of a

e
phase involving imstallaticon cof the foundations for the

b

ind Turbines, while the second Cconsists of Zhe
installation of the wind turbines themselwves, tThat is
'placing their pylon, their cowling and their blades.

For the foundations, there are several tvpes of
ships allowing them To be transported on-site and to be
installed. These ships depend cn the type of foundation.
They can consist of a barge or a ship of the “ack up”
(self-lifting) type, a bargs-mounted crane of the “shsar
leg” type, or even varlous crane-sguipped ships.

There exist several types of foundations for wind
turbines. Thus mono-pile, Sacket, gravity, tripod,

suction pile etc. foundations can be mentioned.

For the lightest foundations (to wit, the monc-pils
and tripod types), ships with small 1lifting capacity ars
suitable; they are more or less expensive and fairly

COIMmmMorn .«



For the heaviest foundations, ships with high lifting capacity are needed, to wit more than 3000 tons for
gravity foundations. The latter are scarce, hence having low availability, and expensive. Operating
time at sea has necessarily a higher cost than the same operations carried out on land. Jack-up
type ships spend a certain amount of time lifting thendselves on their legs and in retracting them each
time a wind turbine or foundation is laid. They carry out a piecewise erection of the wind turbine by
means of cranes. This type of.erectign includes hazards cennacted with the multiplicity, of,gperations
and these are Ihn#qd % meteorological conditions, particularly wind conditions (gspecially for
mounting the blades).” ”_ﬁ}fordle“ to feduce operating time at“seaftﬁe idea of ranspc’icflng the
foundation anditzTasse@atetbwird Wirbiie &5 & singlesietd tothe Gffshorerinstailationsitethas already
been thought of. askhengompilete-asseathly of the wind tarhire is performed for example at a port site in
proximity to the wind fagm. A;ship then comes todake.the wind.turhine assembled, to its foundation to
convey it to the site and to set it in glgceL Examples of such techniques can be foundthe documents of
patents WO 2001734 977,WO"200¥/58 489°1TS 7°234°409, ¥R 2°§23 484 and WO 2010/02 87 62.
Thus, in the first of theséadecuheritgPa devichs deseribed Hormstalling & Wind turlsihe BN offshore
site, which allows its fransperatien withouthavingito suppert sheientire weightof this wind-urbine.
The latter is canahle of flgaling sq long as s foundation holds, ille,orno yater .. o In geriain
embodiments, the device has the form of a ship provided with jaws to grip the pylon, of the wind
turbine. Viewed FémYabtvé, this ShipHas e f6mft of 5U-shaped ork Wit a longitudinal ot the
facing edges means of cranss. This type of ersaction incliudes hazards

connected with the multiplicity of operations and these

are limited by metecroclogical conditicns, particularly

wind conditions (especiallv for mounting the blades).

In order to reduce operzting time at sea, ths idea
of transporting the foundation and its associated wind

turbine as a single piecs to the offshore installation

site has already been thought of. The complete assembly

of the wind turbkine is periormed for example at a port

site in proximity to the wind farm. B ship then com=zs to

take the wind turbine assembled to¢ i1ts Ifoundation to
I

wey it to the site and to set it in place.

e

Exampies of such technigues can be founada in the
documents of patents WO 2001L/34 977, WO 2001/95% 489,
Us 7 224 409, FR 2 823 454 and WO 2010/02 87 62.

Thus, in the first of these documents, a dgevice 1is
described, for installing a wind turbine on an offshore
site, which zalicws its transportation without having to
support the entire welght of this wind turbine.

The latter 1s capable of floating so long as 1ts
foundation helds little or no water.

In certain embodiments, the device has the form of
2 ship provided with Jaws to grip the pylon of the wind
turbine. Viewed from above, this ship has the form of a

U-shaped fork with a longiztudinal slot the facing edges



3 whereof have a spacing that is slightly greater than the diameter of the wind turbine's pylon. For
transportation, it is stated that the upper surface of the foundation comes into contact with the bottom
of the ship and is held to it by cables, chains or sifhilar elements. Though this device seems to -
generallywgliea-satisfaction, the egeration carisisting sf kdndihg and plaeaigethe Wivechtutdiee on the sea
bed undeg conditions that.gnsura stabilityfhat is as peffeat as possible is perfectible. Indeed,

depositing a hea\;‘y package such as a wind turhine equipped with its foundation on the sea bed, from
a ship that is floafif an& ISHIPEBRE MdPe on'the water RitR $H5dedrads of fe&doiPP&duires a tool
that is bothurigidder goitlingthe pdckagésdricbfor statikzing itnipto ittargetton e watdrtisottom, and

flexible sg thatgncssihe packags s degositedptbeshin,does ney transiit excassharizoatal forces to
the base. , Thus, this objective may be attained in conformity with embodiments of the present

invention S 1™ A%rsEaS5EE 5F the invention provides a ship for transporting to an "offshore” site a
wind turbine provitleegith a sehdalled "graraye four@e@iBh, thatis onedabie®s slabilizedthéswind turbine
on a sea pgitemsunder dhe influeace ohis avavreighbsuppiementedy thal:ef iewwindtugbine, this
ship having. viewed i above e genefal shapg gha dLwi o Jrgoehas fgfipinggbe hulls as
well as aftuncton bri ge connecti_ngl‘lt em, The space separating the hulls allowing engagement within
it of the Wi furbeE B0 [atdctedzed Hythe cttfat H%%ﬁ;ﬁfse@é plBRFB-B-fgid-&nd vertical
"piles" pagsing«tearinepugh said ship, their lower end being provided with deformable arrangements

for connection to matehing armq;q@? %or%e%gﬁ'%@%g%onswgﬁe Riles heing; mevable, on

[
demand, in the vertical direction, so that, by a descending movement of these piles, said wind turbine

is guided ERERARS S ARRRGHNIE G5 CEnling MBYEMERE and thile by SisARI mobEMBNE said piles
transmit astidipg tievemient folsaid wigd aurBinesThéshipinorestidridan beroftthe catdraran type.

with six degrees of freedom, reguires a toocl that is Dboth
rigid for guiding the package and for stabilizing it up to
ites target on the water bottom, and flexible so that, once
the package is deposited, the ship does not transmit excess
horizontal feorces to the base.

Thus, this objective may be attained in conformity
with embodiments of the present invention.

A first aspect of the invention provides a ship for
transporting to an “offshore” site a wind turbine provided
with a so-called “gravity” foundation, that is one able to
gtabilize the wind turbine on a sea bottom under the
influence of its own weight supplemented by that of the
wind turbine, this ship having, viewed from above, the
general shape of a “U” with two “branches” defining the
hulls as well ag a -“unction bridge connecting them, the
space separating the hulls allowing engagement within it of
the wind turbine's pylon, characterized by the fact that it
comprises a plurality of rigid and vertical “piles” passing
clear through sgaid ship, their lower end being provided
with deformable arrangements for connection to matching

arrangements



Thus these piles, fifty or so meters long for example, allow this rigidity, for depositing a wind turbine on
a bottom as much as 45 m deep, to be obtained. The deformable connection arrangements, when
they have a length of some ten meters, make it pdssible to have flexibility when moving within a cone
of freedomfebouifengdegicesocoidasponding théwm=hopzokial mefions otidkvezshi related to the
dynamic ogiioping perfarmange, (1,12 mevaionaboul e fArget RSOk s coHYs Apsion does
not require arrangements to compensate for heave or other motions such as are found on"many

offshore &aHERGRTch YepdiesepidkidFfounditichs Bhithe Wl HaRom Br SHanBtheASHip. If
four winches iristatedionithel sihyyp, alifls caldes: earhniegie dntovtedoundatiod of Heecwindyturdoine were

used, theﬁ‘é’@ﬂg b ik Af having |aterahdisplacements thag would he-ditfigylt fo.gentral, due to the
relative motions between the floating ship and the wind turbine during descents. These movements
could eithd? fhd b iAstadii/ Bfthe wind turbine itself, or to undesired contact between the pylon of
the wind turbine ditkthelship, ‘or tqupatdeptableradearacy fohthecdépositrantheyvsttom with respect
to the r_equired taﬁg@&gn@Qggg)rbm%gqrrgr{gwld;glsg&mli{ﬁ@es@%ergb&osétjggﬁﬂgfi%qts.
Accordmgatlolotherta}%jilsantggeo% %,t no%l|m|t|rcll%feéa&'g)t_{rtes.n S . z%d é)ﬂe% are four in number and

are positionec?,was seen fromgajbove, at the four sc?uare corTers of 4 no onalllauéaﬁatg%l; = said

piles are & pbsitioasd thforSofife, theleaie atthe ReIgekiaaRF@nction bridge, and for others, of
said hulls; the lergtbafispit-defornable asrangemenisisaeterminedrin shely ahaay that the
deformable arran ents co nsate or qtll:) Qél%gwe rq%t}ggs gftth %'gg fgat g}? " c\l;gge"
consistingaof %en\%fg'n% tl?r%ine an% itg‘%unda%n remains "stable” d%ing p?gcement on the "offshore"

site; T lRfddldddS ArratEn &Y ISt HrivinGrsH FileS MGerfidal fidterom of about

ten degrees, corresponding to the horizontal motions of the
ship related to the dynamic positioning performance (1 or
2 m deviation about the target position).

This design does not reqguire arrangements to
compensate for heave or other motions such as are found on
many offshore cranes which deposit or pick up foundations
on the water bottom or on another ship.

If four winches, installed onthe ship, with cables
connected to the foundation of the wind turbine were used,
there would be a risk of having lateral displacements that
would be difficult to control, due to the relative motions
between the floating ship and the wind turbine during
descents. These movements could either lead tc instability
of the wind turbine itgelf, or to undesired contact between
the pylon of the wind turkbine and the ship, or to
unacceptable accuracy for the deposit on the bottom with
respect to the required target. In addition, the current
could also émplify these lateral position offsets.

According to other advantageous but not limiting

features:



these arrangements include pinions which mesh with racks borne by said piles; said
deformable means consist of slings; said deformable arrangements are provided, at their free
end, with a system for connection to said foundati%n, these arrangements being preferably automatic
and remotely operated; s2id peiheRidesarPgeniehtsieapaie aRBloKingRRE Win@RABine during its
transportaiion; seen Saitharratgenentsatonsidting dfehannsisfaraed dothessurfacefof the hull and
having a yertical-prientation. with-an-gpening directed downward, while the foundation includes an

equal number of protrl_Jdin%;é.L : ;Isr)nelbfé%, saor’%rr%[%g%q}@ﬂg%ef;[%%ﬂ_gh%ig cgggnglgr@,d acrﬁé cked into it;

it is of the semi-submers?b . .Another aspect of the invention_provides to a method for
placing o 5fi "BffsHote" Mltkiabdn §keh M&%F&ﬁe Fovigsd Wﬂﬁ% do2CalRbGF&vityfoundation,

that is oné#iat i ablksto stabilize the wind turbine on a sea bed under the influence of its own weight

supplemented by that-oftthe wihertyttiine piisingeal shipdest defirddl im therfirshgspest tthis wind turbine

previously gasting 003 submeyged site, W& gharagierizeddn that d.cemrises thesfeliewie steps:
compensate or absorb the motions of the ship so that the
“package” consisting of the wind turbine and its foundation
remains “stable” during placement on the “offshore” site;

- 1t incliludeg arrangements for driving said piles
in vertical motion;

- these arrangements include pinions which mesh
with racks borne by said piles;

- sald deformable means consist of slings;

- said deformable arrangements are provided, at
their free end, with a system for connection to said
foundation, these arrangements being preferably automatic
and remotely operated; _

- it includes arrangements capable of blocking the
wind turbine during its transportation;

- said arrangements consisting of channels formed
in the surface of the hull and having a vertical
orientation, with an opening directed downward, while the
foundation includes an equal number of protruding members,
so arranged that they enter said channels and are locked
into it;: .

- it is of the semi-submersible type.

Another aspect of the invention provides toc a
method for placing on an “offshore” installation site, a
wind turbine provided with a so~called “gravity”
foundation, that is one that is able to stabilize the wind
turbine on a sea bed under the influence of its own weight
supplemented by that of the wind turbine, using a ship as
defined in the first aspect, this wind turbine previously
resting on a submerged site,



a/ moving the ship until the lower end of the piles is vertically above or substantially above the
matching connection arrangements borne by the foundation; b/ lowering the piles and
connecting the deformable means to said matchin% arrangements; c/ raising the piles with the
connected wind turbine, the foundation of the latter always remaining at least partially submerged;

d/ moving said shiptoward dhe installation sitgawhile;ipcreasingyissdiaft topmpraveriisstahiity;

e/ positionig the ship vertically above the installation location; f/ lowering the piles until the
foundatioR TeSte on the sea bed; g/ disconnecting the deformab e arrangements and withdrawal

of the ship. AcédrditRj torativaitadeotia aretridt liedieng fetgdrestst this nyépold 1es
between stepswdand-e/1 the deafboksaighshipiskitiet incTegsedbove Sl dirftisinerpased by

fling ballassompariments.inglyded i (NG SNRIINBIEL £ounaffiersaid step f, ballast
compartments included in the foundation are filled
b/ lowering the piles and connecting the deformable

means to said matching arrangements;

¢/ raising the piles with the connected wind
turbine, the foundation of the latter always remaining at
least partially submerged;

d/ moving said ship toward the installation site
while increasing its draft to improve its stability;

e/ posgitioning the ship vertically above the
installation location;

f/ lowering the piles until the foundation rests on
the sea bed;

g/ disconnecting the deformable arrangements and
withdrawal of the ship.

According to advantageous and not limiting features
of this method:

- between steps d/ and e/, the draft of said ship
is further increased; ,

- said draft is increased by £filling ballast
compartments included in the ship with water;

- after sgaid step £/, ballast compartments included
in the foundation are filled.

Other features and advantages of the present invention
will appear upon reading the description that follows. This
will be carried out with reference to the appended drawings
wherein:

- Figures 1 and 2 are simplified views, perspective
and facing, respectively, illustrating the construction, on

a port or other site, of the foundation



Other features and advantages of the present invention will appear upon reading the description that

follows. This will be carried out with reference to
simplified views, perspective and facing, respect
site, of the foundation 7 of a wind turbine;

moving two floating foundations like those of Figure 1;

assembly of a wind turkgigg urslilrl% acrane and py
assembly site, jocated in'a port or other area;

the appended drawings wherein: Figures 1 and 2 are
ively, illustrating the construction, on a port or other
Figure 3 is also a perspective, simplified view of a tug
Figure 4 is a perspective view showing the
lon sections carried by a 'barge to a so-called

Figure 5 is also a perspective view showing the

foundation of the wind turbin€ inpa6e dn a Eho@kif§ cradlelr Béfdre Eretion of tHEPyIoRFections;
Figure 6 is a topidew showinguthemship accordingiia the invention:ini@petrationlapproaching the wind

turbine; Figure /. is.a partial view, substan
angle; Figure 8'is a ”pe%s},pectjve é\:/ievﬁvqof th
phantom lines; tgure = As 4

assembly of a wind

sections carried by a

located in a port or other

is
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cradle,

according to
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=
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Figure 9 is a perspective view of the foundation of the wind turbine and of part of its pylon, as well as
of the four piles which equip the ship of the invention; Figure 10 ispartial view in a median and vertical
section plane of one of these piles; Figure 11 is aview of the foundation intended to show the
arrangements allowing it to be chocked relative to the ship; Figure 12 is a view from another
angle of the foregoing arrangements which cooperate with slots made in the hull of the ship;

Figures 13 and 14 are simplified perspective views illustrating the transportation of the wind turbine by

the ship toward the ihstalla ib%?s’lte; ) Figures 15 and 16, for their part, snow the wind turbine
lowering and placing operation&€they 8 offshere gite;l / and 18 sllustrate the
withdrawal of the ship's piles relative je the

foundation, as well as the departure of the ship, ileaving
the wind turkine in place on its site.

In Figures 1 and 2 i1s shown, very schematlcally
the manufacture of a wind turbine foundation, for examp

1
on the fiocor of a dry-dock, of a form c¢f construction
d

which iz able, i1f reguired, to be fTransported by a barge
to a final assembly area of the wind turbins (Fig. 3.

e

erably, such a foundation consists o a stee

shell, ballasted with concrete and capped WwWith a trunk
T

zalso made of steel, so that its geometry and 1%ts mass a

that will transport it,
As a variation, such  foundations can e mage
exclusively of reinforced concrete,

of sleeves 17 will be noted on ths

e
two opposite faces of this parallielepipedal foundation

nmovement, post
The advantage of tl

further on in the description.
T
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have a parallelepipedal shaps.

n order to alleow optimizaticon of cost and to

secure the trarnsit of these foundations 1, tThev ars
preferably compartmented into & certain  numper of
adjoining cells 10, in a cross—-shaped assembly 11, sSons
being filied with concrete while others are =zmpty. The
latter are, however, designed To be ballasted Dby
admitting water into their interior space ox, I[or 30me
filled with concrete in & subseguent step



- finally, Figures 17 and 18 illustrate the wit

as the departure of the ship, leaving the wind turbine in place on its site.

hdrawal of the ship's piles relative to the foundation, as well
In Figures 1 and 2 is

shown, very schematically, the manufacture of a wind turbine foundation, for example on the floor of a

dry-dock, of a form of construction which is
assembly area of the wind turbine (Fig. 3).

able, if required, to be transported by a barge to a final
Preferably, such a foundation consists of a steel shell,

ballasted with concrete and capped with a trunk also made of steel, so that its geometry and its mass
are compatible"Witht the- st rhicat charadtafisticsSofthe ship that wilkfr3Asport it, J's a variation,
such foundations can Bexmadesexclasively-of seinforced-conetete:n, thhe éxistencecof sleeves 12
will be noted on the two,0ppesite-faces ef:this paraliglepipedal foundation,wherein are-spgketed, with
the possibility og S/egt{csal gmovemgntd (g)og}}s %3 S()se%lfigusnzaL 3). - _The adv\\@rrlltcgge ofbt:bgge posts will be

. Lrangsic & or The UL £,
explained further on in the aéscnptlon. (rthermmore; the foundation does not necessarlly have a

paralielepipedal shapel® SIn®fdérito-dllow dptifiizdtion of cost andto secure tHe ARSIt of these
foundations 1, they afepreterably=compartmented intg:a ertain mumiberof adjpining €els 10, in a

cross-shaped agsembly 11, some.bezne. filled with concrete while, others are empty; The-latter are,

however, designed to be bzilated by qdﬁmittingo\iv?ﬂ-er into their interior space or, for some filled with
concrete in a stibsegtient step. -~ " Putely by Way of fidication, at this step, the total mass of steel of

this assembly can be 1300 tériss Figure as well as the following ones, the
surface of

the water and the sea bed ctivel

m
i

Y

A

el
CL e

resp
labeled SE and FM.

By way of indication, foundations

o
thne

during this transfer is o Im.

The transfer of the arried out

the assembly site where there 1s

continuing and he assembly

To this and,

turkbine 2

the crane. The label

assigned of the wind turbine and,

sake of blades borne by 1t are

visible can be prought by land or by

marge such as that labeled B

the same situation

as

the foundation has been

7 i - P
cradle 3 allowing the

s
LA

2 azsgsembly phase.

In the and

bean taken

that were now  and

ballasting by with

compartments

to reach 3800 which are

approximately

When the pvion,



while the mass of concrete can be 2000 tons. In a subsequent step, not shown, the floating of the
foundation is carried out, particularly with a view to its transit to an assembly site for the wind turbine.
It is possible, as shown in Figure 3, to connect two foundations (or more) together and move the
assembly with a tug R of known type to, for examplq foundation storage location in a port area.
0 this figure as well as the following ones, the surface of the water and the sea bed are respectively
labeled SE and FM. By way of indication the draft of the foundations during this transfer is on the
order of 4.5 m.consTREtRshsferofthe f8liritationds calietFEdtto the ssembhy sité'where there is a
crane G capabte of comtinuing and dinishiag thetassembly efba wind turbine 2 oritdftstfoundation 1. To
this end, segmgnts.22 of.thg ov gn23.of:the wind turpine,2 gch%gplag%gglgg\ﬁ@c%ip proximity.
to the crane. The label 24 has been assigned to the cowling of the wind turbine and gqratpg sake of

jht by Tand or by sea
ENEigute ¢, Shows
substantially thersame:situatiop as<the preceding figfire; iexeept she: fapindatien has been placed on a

iy

simplicity, the Bli&des B6ihe byt afe-not visible fiers “These sléments can'Be brough

by means of atleastsriabatdge stch as-fadt labeled B $Shown iy te figurey

concrete or graygl eradle 3 allowing the assembly;to-be stahilized during,this. assembly phase.

the two situationsyof Figures 4 and 5, care has been taken to fill with water the ballast compartments
that were empty Up'Gifiti 16w and to complete the ballasting by filling certain compartments with
concrete to reach 3800 tonsifLonerete, which aré in additiod tovapproXiftately A300:6R5 of steel

mentioned earl:Wheadhe pylon: the cowding ane-tbe dfadessareqalse 210 w1
wind turbhine 2 assemblsed on its foundation to
site.

nitially, it  is stated that the

described above 1is of the sc-called gravity

11 aliow the

an offshore

foundation

type, which

means that 1t 1s stable on the sea bed under the

influence of its own welghit supplemented by

that of the

111ls 40, as well as a dunction

a spacs which separates the hulls 40 and which makes
possible the engagement within it of the pylon 23 of the
wind turbine, while the ZIoundation 1 occuplses 2 3pace

scmetimes located below the ship and sometimes located

of the procedure is considered.

A stiffening crossmember, visibkle only
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partially or totally submerged during transportatlon.
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considered,s mass is increased by approximately 900 tons to reach a total of approximately 6000 tons.
With a view to the transit of the "package" consisting of the wind turbine and its foundation, the water
ballast compartments are then totally or partially emptied so that the apparent weight of this package
reaches about 1400 tons due to the partial or total supmersion of the foundation. In Figures 6 and
7 are shown, from different angles, the approach phases of a ship that will allow the no turbine 2
assembled on its foundation to an offshore site. Initially,it is stated that the foundation described above
is of the so-calletF-§ravity IPETWRiEN niedns thiat tds stabie BAthe seabedturidet tRé fiffifence of its
own weight sugplemerited hy-that ofthexwing<durine itself. It is therefore incapable of floating
under any condition, ongg the \%ingéggbineoi,sasg in places The-aforementioned ship, {abeled 4 in the
figures, of the semi- submersu%Ie catamaran %nd has, seen from above, the general shape of a
U the two "branc ‘é“s"f/vth Sreof defing paraﬁr”erhu as weTI as a junction bridge 41 which connects
them. Consequently ther& ekists a §fdce Which é@ﬁarét—“’es%é hdlls 40réndadhichiirakés Possible the
engagement within it ofithe: pylonz3ef-the wirid:tiebiney whie thie feundationik occupiesaispace
sometimes located.helgwithe ship and sometimes located-between, the.floats of the.ship .depending
on which step of the procedure is considered. A stiffening crossmember, visible only in Figure 13
and labeled 45°&f6WS an improvement in the resistance of the ship to strains and also allows an
improvement in the hydretlynamic qualkity of thefoundation Wisich Femaihs Partidlly ertotally
submerged during:Fapsportationne fact that the ship includes a plurality

<+

of rigid and vertical pilles 5 which extend clear through
it

What i1s meant by the term "piles" is rigid wvertical
tubes which can be solid but are preferabkly hollowsd out

-

in their internal volume.

They are at & minimum three in  number, but
referably four in number. In this <¢ase, they are

P

arranged, viewed from above, at the three sguare Corners
o 1

e

e a rack and pinion 53 which allows the pile

S 1
descend through openings through which passes a ladder.
a

Such system allows in particular a safety
inspectlion in order to ensure that all the parts relating
to the pilles are operating normally

Else acco ‘



This crossmember is arranged underneath and at a distance from the junction bridge 41. This
bridge hears a superstructure 42 which constitutes the cockpit of the boat. Finally, the junction
bridge 41 has an extension 410 in the general shape of a U which is located vertically above the empty
space and houses the service spaces. One part'gcularly important feature of the invention consists
of the tact that the ship includes a plurality of rigid and vertical piles 5 which extend clear through it.
What is meant by the term "piles" is rigid vertical tubes which can be solid but are preferably hollowed
out in their intefifal VoA 2 IIAthe$teEént case, thése pifes 8ach Have &heltht 6f abBut 55 m.
They are at a minimz ¢hreesinsnumber; hut preferably fourda nimber. In this case, they are arranged,
viewed from above, at the three,square coraers: of-a fictitioys gyadrilateral which.extends at the
extension 410 of theijugction bgjdge 41. TQ%EQ piles are driven any known mechanical system 411,
such as for exa?‘r?ﬁ%““as rack and plnzi}or‘iaL 53 Which a?_‘l_oWsnt'ﬁse'pile assembly to be raised and lowered
relative to the ship.  TIREVFigare 20, sriee&mbodifient of sich & plte Showd inféutaway ©Fhis pile 5 is
hollow here. It has at-itstap-a eewling SGand.dsprovided inside with-stiffeniag platforms 5T through

which it is possible to desgend through,openings thrgugh which passes a ladder. Such a system

allows in particular a safet
operating normally.

inspection in order to ensure that all the part

" AfSt Ccordifigto anEssential RO the invention “th Toter end of the nil

ST

elating to the piles are

as is provided witigitzon of the piles 5, the mechanical system 411 built
inte the =ship and the slings 6 with respect to the ship
arnd the foundation.
Referring to 9, 1t is noted that the foundation 1
has on its upper face and near i1ts four corners wells B
made up of a hollow tube which extends upward 1in a
trunconical  shape 80 with conicity diverging upward,
serving as lifring points A locking system ,  not
visiblile, using a nook for example, allows the slings 6 to

e connected to sald lifting points 8 on

During simultaneocous descending motion of the piles
5 the location whereof is directly above the weils 8, it
is possikblis 70 engage The slings 6 in the wells £ and to
firmly attach them through locking arrangements 7. When
this operation is carried out, the Ioundation and the
associated wind turbine ars connected to the ship.

It is then possible to contrel the reising oI the
piles until the foundaticon 1 comes into abutmenl against
the hull of the ship, as can be seen in Flgure 14. It is
possible o lock the wind turbine for

by making

" oy
use oL

These consist here of chnannels 44 made in each of

the hulls of ths ship 4, having a vertical orientation
d-facing opening, while the foundation 1

haes an squal number of protruding members §, so arranged
that they enter int the channels 44 and come intc



12 deformable arrangements 6 for connection to matching arrangements 8 borne by the foundation.
Here in the embodiments shown these are slings 6 consisting of an assembly of links. They
could however consist of cables or any other deformable means. By way of indication, the length of
this sling is on the order of 6 m. Figures 8 and ?Smake it possible to understand the position of the
piles 5, the mechanical system 411 built into the ship and the slings 6 with respect to the ship and the
foundation. Referring to 9, it is noted that the foundation 1 has on its upper face and near its four
corners well 8 Aaide i of &HBHGW tubd Fhich @xterft-upWard iR @ treconicdl shape BeWith conicity
diverging upward, serving=as:lifting points.&dockingssystem i7; nodt visibte,ausinga hook forexample,
allows the slings.6.t0. he connggted to_said lifting points 6 an-the foundation; .- -, RUrNG simultaneous
descending moftign sz the PL|§§ 5 the location whereof is dyectly above the wells 8, it s possible to
engage the slings'6 in fhe"wwslrs 8and"to firm y%ﬁﬁcﬁ?ﬁesm%reo’ugh locking arrangements 7. When this
operation is carried out/fie fotifiation dird thecassseiatetfwirid fifbine dre Tofineéted-to e ship.
It is then possibleta controkthecraising «f the pies wuntil-the feundatiore[. cores into abutment against
the hull of the ship, as ¢an be seenin.Figure,14. Jtis.possible.tn. lock the wi.nd turbineto the ship 4, for
example by ma*king use of arrangements shown in Figures 9 and ;g. .. 1hﬂe§e consist Dgre of
channels 44 made ineactyof the hults of the ship™%, having a Verticaloriertation i tH a°*
downward-facirg:epenihgi whlle the fTeundation'E Has an eqiral hanibér of protiuding Afembers 9, so
arranged that they: entex intp the<channels-44 and.come into 13 abudment againsktheir bottom. Holding
in this position gg%gl.;:tmggr%is provided, byFQ ygrstic_:%lrgge-gengpgggﬁhef@gc%airg@ B{Ig-@iﬁ@g system,
; >

no vertical movement (in the Z direction) then being possible. S )
motions of the foundation “in the plane {(in the X and ¥

directions) with respect to the ship. The degree of
freedom in the 7 (vertical) direction, wilth respect ic
the ship, then being free.

In this wariation, ths dimen

tn

ioning of the ilifting

system is less prcblematic because 1t 1s not then pre-
aded and no longer handles dvnamic moments, but only

o
the Zforces due To the apparsent wslght

ot
O
h
+
s
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Thus lashed to the ship, the <foundation has an
apparent weight on tThe order of 1400 tons, dus to the
Archimedes thrust which is exerted on the partially or
rged foundation.

The ship is then mnmoved, prefsrably
the draft of the ship 4 so as to ilmprove 1ts stabilitv.

o) the semi-submersible Type,
includes ballast tanks which

3T
who

18 possikble to f111l with seawater

During this maneuver, tThe dralit is Lor exampls
10 m

Once arrived at the site, the posts 13 are

initially driven to lower them with respect to the

slesves 12 of the foundation 1 so that They projesc
m



More precisely, the protruding members are provided with plates 90 which enter into the channels 44.
As this design generates large vertical forces at the slings and the lifting points 8 (the dimensioning of
the lifting points "carried" by the foundation also being critical), one variation would be to place a frame
in the upper part of the piles and a system for bIockiQ the motions of the foundation in the plane (in
the X and Y directions) with respect to the ship. The degree of freedom in the Z (vertical) direction,
with respect to the ship, then being free. In this variation, the dimensioning of the lifting system is
less problematie HEeatisé 18 hot #enHresloaded it nd lohger hdndles ByRamiecmemenits, but only
the forces due tortherappasentameightiofthe package aloned, :hEhuslashed to the:ship.the
foundation has an apparent.weight-on,the.qrder of 1400 tops dus to the Arghimedes thrust which is
exerted on the partially or totally submerged foundation, The ship is then moved, preferabiy while
increasing the d‘?éﬁ%f%ﬁ@%ﬁib%‘s%wgf fprove s dtabifity. To thiseRd-the Ship is of the
semi-submersible type Swhich ineapisthatits hull inalades ballast tinkswhiieh itdy possibleno fill with
seawater. Duringhthissmaneuyer, dhe draft is.f.or-example 104, incLncesarived at the:site, the posts
13 are initially dgp{-ie? tg lawer them,with respect to the sleeves 12 of the foundation 1 so that they
project beyond the fower face of the foundation. Then 14 preparations are made to move the wind
turbine to place Ht on the' sed’betPEM: o thidterl- thé draft of the%Hig is-intfeaged i AéEdssary, for
example to 15 maahd ke simutaredbusiowering of thepiless iscommandedindation on

the sea bed from a ship 4 that is aflcat (and therefore

—Ld

mopile on the water according to its motions) regulres a
rigid tool that guides the package and stabhilirzes 1t o

its target on the water bottom.
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tool must however be flexible so that, once the package
is deposited, the ship doss not transmit excessive
horizontal fo

Iin this case, this involves the slings 6. These

slings make 1t possible to have

of

hat flexibility by

moving within a cone of freedom of some ten degress,

which corresponds to the horizontal moticns of the ship
connected with the dynamic pesitioning performance of the

ship (1 or 2 m excursion about the tTarget position. This
technigue dees not regquire arrangements Zor compensating
for heave or other moticns, such as ars normally Ffound on
many offshore cranes which deposit or 1ift packages on

the water bottom or on another ship.

During this lowering motion, the DOSTS 1z
previously extended from their sleeve 12 penetrate into
the sea  bed M, which consliderably increases The

stakility of the wind Turbine in tTne plane without

disturbing the groundg und

d
the foundetion 1 apprcacnes the s=zz bed FM, the more :the
ship's heave 15 reduced du

the sea bed and the foundation.



Such a foundation, equipped with posts movable in the vertical direction, can be used independently of
the ship described here. It is easily understood that depositing a "heavy package" such as this
wind turbine and its foundation on the sea bed from a ship 4 that is afloat (and therefore mobile on the
water according to its motions) requires a rigid tool tlgat guides the package and stabilizes it to its
target on the water bottom. In this case this consists of the piles 5 . This tool must however be
flexible so that, once the package is deposited, the ship does not transmit excessive horizontal forces
to the foundation. in this"éeise, tEE-Mthe P inys6. Taiesesslings akeirpedsisie t¢hdvetiat flexibility
by moving withinr-awene of freedemsafisome teaxegsees, avhichecarresponds taithesharizental motions
of the ship conpgcieganith theynamie pasitioning gerfarpagge of the,sip {1 012 mAxchsion about

the target position. This technique does not require arrangements Tor compensating for heave or other
motions, such 4§ &Fe REHRANY FoUNd’oh Ay SHfshore cranes whick depdsit of Tift packag8s on the
water bottom ok bh afiothiership-Burimgthiskoweringmotiohtheposts £3 pievicusiypexteénded from their
sleeve 12 penetrate itadhe sea begl FM, which considerably icrgasestthe:stabilityarrieq  the
wind turbine in éﬁa plane mthouj; 8}%%@”%}@9 gg%%% emrrygg fougdatng@Thech%%eréétbg foundation
1 approaches thé Sea bed FM, the more the ship’s heave is reduced due to the suction efféct between
the sea bed andtRefoaidation. 15! “"eThad, upoh Coitactbetiveenthe foundation and the ground,
the impact is reduced, as wellasithé danger ef:having theffoundaticrt liftecheff the: growmdszafter having
been deposited, As-the lead is gradually transferred from the ship to the sea bed, the ship's is reduced
(on the order of 2 min all). Once this operation_is carried ougatrie ggpneg%%%ggranggmetngé 7 are

: ; I a1 X Lazu

remotely disconnected and the Tifting tool is raised.
foundation with ssawater can be itriggered from the ship
before its withdrawal, or by means of another ship
capable of coming aiongside tThe wind turbins while
carrying out a simple valve opening operation near the

water's surface SE.



In a final step shown in Figure 18, the withdrawal of the ship then proceeds. Theg of the air ballast
spaces of the foundation with seawater can be triggered from the ship before its withdrawal, or by
means of another ship capable of coming alongsftfe the wind turbine while carrying out a simple valve
opening operation near the water's surface SE. 16 CLAIMS 1. A ship for transporting to an
"offshore"” site a wind turbine provided with a serGaligd "gravity" foundation, that is one able to stabilize
the wind turbine on a sea bottom (FM) under the infiience of its own weight supplemented with that of
the wind turbine, this ship having, viewed from above, the general shape of a "U" with two "branches"
defining hulls, as Well &s sjunetidrebridgeszsonpecting: thetn; therspacel Separatiig theheallewing the
engagemgahwithindt ofthepylon,ofthequiad turhing, chagacterized Ry thesfact thatitjinelydes a
plurality o% rigid.and vertica%‘;iles," %)assing clear throu%q:s%jd fhlzp ﬂﬁi[ lower gn be@g rProvided with
deformabté BRARGERRNts TBFEorh ety tomatehing arrangemments borne By Said tstindation, these
piles beirmgrmeévatie opdentand iFdvenitit dirédtoniselthaebysa ¢dscehdingwovenishtiof these
piles, saic wind Bibineds gugednand stabilized duning this descending moyementandsthap by a rising
movemerga%aig ile%grgvr}sré]it grrisrglngarglgygn thE%id Wi%%truamingha o 2@@‘ ship‘ggcovgdigg to Claim 1,
characterize the fact that said piles are four in nurmber and are sitioneds: viewed _f%om above, at
the four stiare &orABFGfthe BF Aditiifisuddddriladfalvell 324 ship HECOrdMY t6oHETS the
foregoingaalaims; €hatacterized bythe facithatsaepiles=arepositianed insduchwd nay thiaé some are

at the edge, gt saigldunction bridge and theotheys at tha gdae of saig Bullg; 14 turbine,
characterized by the fact that it includes a plurality of
rigid and vertical “piles” passing clear through said ship,
their lower end beling provided with deformable arrangements
for connecting to matching arrangements borne by said
foundation, these piles being movable on demand in a
vertical direction so that, by a descending movement of
these piles, said wind turbine is guided and stabilized
during this descending movement and that, by a rising
movement, said piles transmit a rising motion to said wind

rurbine.

2. A ship according to Claim 1, characterized by the
fact that said piles are four in number and are positioned,
viewed from above, at the four sguare corners of the of a
fictitious guadrilateral.

3. A ship according to one of the foregoing claims,
characterized by the fact that said piles are pogitioned in
such a way that some are at the edge of said Jjunction
bridge and the others at the edge of said hulls.



4. A ship according to one of the foregoing claims, characterized by the fact that the length of said
deformable connection arrangements is determined so that the arrangements compensate for or
absorb the motions of the ship, so that the "package" consisting of the wind turbine and its foundation
remains "stable" during the placing of the foundation on the "offshore" site. 5. A ship according to

one of the foregoipg claims, Ghatacterized by the fact that it includes: girapgementsfgr driving said
piles in vertical translation. 6. A ship according to Claim 5, characterized by the fact that the

arrangenfeRte mehiieiFRfdns Rhich higsh Wittf foothedfrackst¥ine bFedidhile®T 5214 ship
accordingtefanamebihe foregoiag ciaims, eharactenessdby thefacddhatsaid déforwablgra@tangements

consist of$lings, 3 n§eMehin accarding 1 ene ¢ihe foregoing claimsyeharanterized bygthe fact that

said deformable arrangements are provided at th%:r free end with a system for c%%wectio%}o said
foundatioh fhest dPang&ments BEing Breferably AttSmatic ARa r&motsly ood%ra ;Y8 A ship
according-terdrienef trecfdregsing claimrdehderteriztebythe fastevat it incldded agrangements

capable oﬁgpgzp g the wind tarhing during, its Arapsporatonsn o r« 10:Aship according to Claim'9,

characterized by the fact that said arrangements consist of channels 18 formed in the surface of the
hull and having a vertical orientation, with a downward-directed opening, while the foundation has an
equal number of Protrédifg iR S idigsposed et tiely ehi& sarfFGEmRE dhtPdrBSocked into

them.  cHdr4Ac3hipReearding torenereidbe teregoing claimbuckarasterizadaydhe facidhat it is of the
semhsubg@gggﬁgyggi@ piles in vertical translation.

6. A ship according to Claim 5, characterized by the
fact that the arrangements include pinions which mesh with

toothed racks borne by saild piles.

7. A ship according tec one of the foregoing claims,
characterized by the fact that said deformable arrangements

consist of slings.

8. A ghip according to one of the foregoing claims,
characterized by the fact that said deformable arrangements
are provided at their free end with a system for connection
to said foundation, these arrangements being preferably

automatic and remotely operated.

9. A ship according to one of the foregoing claims,
characterized by the fact that 1t includes arrangements
capable o©of Dblocking the wind turbine during  its

transportation.

10. A ship according to Claim ¢, characterized by the

fact that said arrangements consist of channels



12. A methodfor placing,on an "offshore" installation site, a wind turbine provided with a so-called
"gravity" foundation, that is one that is able to stabilize the wind turbine on a sea bed under the
influence of its own weight supplemented by that’df the wind turbine, using a ship conforming to one of
Claims 1 through 10, in combination with Claim 11, this wind turbine previously resting on a

submerged sife, sharacterized iy, the fact that itincludes thefoliowing, steps: 5  ver@4m@OYINg the ship

until the lower end of the piles is vertically above or substantially above the matching connection
arrangenREBME R the tHuMdatfn; Fo¥ Wy foflemts fRCnilCP SR C8nneltidnt 6f thé*Beformable
arrangeméntsitiesdicdmatetingaarraagementsumber  op faismgpthevgitesavithahbeoanectsd wind

turbine, the fqundaton gt thedatter alwavs-remaining e jgast padially sukimergedeq intd moving
said ship toward the installation site while increasing its draft to improve its stability; e/
positionin RE ship vertically above the installation location; f/ lowering the piles until the foundation
19 rests on the sea bed; :

11. A ship according to one of the foregoing claims,
characterized by the fact that it i1s of the semi-

gubmersible type.

12, A nethod for placing, on an “offshore”
installation site, a wind turbine provided with a so-called
“gravity” foundation, that is one that is abkle to stabilize
the wind turbkine on a sea bed under the influence of its
own weight supplemented by that of the wind turbine, using
a ship conforming to one of Claims 1 through 10, in
combination with Claim 11, this wind turbine previously
resting on a submerged site, characterized by the fact that
it includes the following steps:

a/ moving the ship until the lower end of the piles
is wvertically above or substantially above the matching
connection arrangements borne by the foundation;

b/ lowering the piles and connection of the
deformable arrangements to said matching arrangements;

¢/ raising the piles with the connected wind
turbine, the foundation of the latter always remaining at
least partially submerged;

d/ moving said ship toward the installation site
while increasing its draft to improve its stability;

e/ positioning the ship vertically above the
installation location;

f/ lowering the piles until the foundation



g/ disconnection of the deformable arrangements and withdrawal of said ship. 13. A method
according to claim 12, characterized by the fact that, between steps d/ and e/, the draft of the ship is
increased still further. 14. A method accordiﬁa to one of Claims 12 or 13, characterized by the
fact that said draft is increased by filling with water some ballast compartments built into the ship.
15. A method.accgrding to ong qggdqims 12 through 14, characterized by the fact that after said step
f/, the ballast compartments built into the foundation are filled with}rwater. ABSTRACT SHIP FOR
TRANSPORTING A WANBAIRBIGE ONTOAN “ORFSHORESIHE AN MRN8 F8RPLACING
IT Theiwedentinlentiorsrelatestiiparticular to a ship (4) for transporting onto an "offshore" site a
wind turbine (2) provided with a so-called "gravity" foundation (1), that is one capable of stabilizing the
wind turbine (2) op.a sea bed (FM) under the influence of its own weight supplemente that of the
wind turbine, thisg ip ( )ﬁﬂaevﬁ'%lé@;/ie%ecdp f]fc(frhnagooe\sg, tr%%:éﬁera Shag;?leagfa.él&(fx%v%tﬁ wbogybranches"
defining riille (40)c&s Whithis algrictRfrbrid§ersl) eonmseling thent fife sharElseparafitifthese hulls
(40) allovdrg thei pylond23hefthe svind turbinec(@} ta enter, characterized by the fact that it includes a
plurality of rigid vertical "piles” (5), rich extend clear through said ship (4), their lower end being
provided deformable arrangements (6) for connection to matching arrangements (8) borne by said
foundation (1), théde pils BSiRGPRovaRECSA Hethahd®, i iE v@rﬁca%ﬁ‘é&‘tﬁ)rﬂ%o ftat, by a
descendiagmetioncaf these piles ¢he sdid srind-tushine §2)ds guidéd and sthbitized sleindpthis
Suer?)(i:r?en?lz%q mofiog. and 5o fhateby adising netion.said piles @) dransmil & fising mefiopfg said wind
ship.

15. A method according to one of Claims 12 through 14,
characterized by the fact that after said step £/, the
ballast compartments built into the foundation are filled

with water.
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ABRETRACT

SHIP FOR TRENSPORTING 2 WIND TURBINE ONTO AN “OFFSHOREY
SITE AND METEHOD FOR PLACING IT

The present invention relates in particular to a
ship {4y for transporting ontc an “offshore” site a wind
turbine (2) provided  with a so-called “gravity”
foundation {1}, that is one capable of stabilizing the
wind turbine (2} on a sea hed (FM) under the influence of
its own welight supplemented by that ¢of the wind turbine,
this ship ({4} having, viewed from abcve, the general
shape of a “U,” with two “branches” defining hulls (40},
as well as a Junction bridge (41} connecting them, the
space zeparating these huils (4G) allowing the pylon (23)
of the wind turbine (2} to enter, characterized by the
fact that it incliudes a plurality of rigid vertical
“piles” {5}, which extend clear through said ship {4),
their lower end being provided with deformable
zrrangements (6) Ifor connectlon to matching arrangements
{8) borne by said foundation (1), these piles being
movable, on demand, in the wvertical direction, so that,
by a descending moticon of these piles (5}, said wind
turkbine (Z2) is  guided and stabilized during this
descending motion, and so that, by a rising motion, said
piles (5) transmit & rising motion to said wind turbine
(23,

FIG. 18



