1 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" installation 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 ships 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 leg" type, or even various
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(to wit, the mono-pile and tripod types), ships with's ng capacity are u?table; they are more or
less expensive and fairly common. 2

The present invention relates toc & 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” installation site, using a ship.

Currently, most wind farms are installed on
offshore sites in twe 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 1is
placing their pylon, theilr cowling and their blades.

For the foundations, there are several types of
ships allowing them to be transported on-site and to be
installed. These ships depend on the type of foundation.
They can censist of a barge or a ship of the “jack up”
(self-lifting) type, a barge-mounted crane of the “shear
leg” type, or even various crane-eguipped ships.

There exist several types of foundations for wind
turbines. Thus mono-pile, Jjacket, gravity, tripod,
suction pile etc. foundations can be mentioned.

For the lightest foundations (tc wit, the mono-pile
and tripod types), ships with small lifting capacity are
suitable; they are more co¢r less expensive and fairly

common.



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 themselves 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 erection includes hazards connected with the multiplicity of operations
and these are limited by fetediatogibalaconelitionsf pafitafa¥§wind conditionsespecially for
mounting the blades)ing Jagerdet {0 reduce epeaeaiing die.atseas the idaaof tansparting the

foundation and b pespeiRjad Wing lyblge A sinala iecg 19 e offehore astalistion sl has alveady

been thought of, The complete assembly of the wind turbine is performed for example at a port site in
proximity to the SN E&mT. A shiffthetcoméd to tke e tifbine assembled to its foundation to
convey it to the site andtossetitinplaceie 2t Examples ofsuctstechhiques darche fourelbin the

documents of patents WQ 2001434 947 WQ 200159489, US+7 234 4093 FR 2 923 454 and WO
2010/02 87 62. Thus, in the first of these documents, a dgyice.is de %r' ec fo gnsgﬁm g awind
turbine on an offshore slljtsg,c\%h}* a fows itssht%gnssp% tg%%fl ngitrﬁ)%%h%%?ng%oégﬁgfoorctgihe ent?re weight
of this wind turbinet “1no THE $RES ¥ tapable of flodtingt ST loAgas IS foitdeation RidsfitE@ or no
water. In certain embodiments; the deviceiheas the formof @eshipprovided with jawstygrip the

pylon of the wind furbine.Viewed from-ahove, this sbip has the farm:of a:l-shaped fork with a
e gy SECeR 2N RAL AR SR AL IR ol sigater g, peciameter of
connected with the multiplicity of operaticns and these
are limited by metecorclogical conditions, particularly
wind conditions {especially for mounting the blades).

In crder to reduce operating time at sea, the idea
of transporting the foundation and its assoclated wind
turbine as a single piece to the offshore installation
site has already been thought of. The complete assembly
of the wind turbine is performed for example at a port
site in proximity to the wind farm. A ship then comes to
take the wind turbine assembled to its foundation to
convey 1t to the site and to set 1t in place.

Examples of such technigues can be found in the
documents of 9patents WO 2001/34 977, WO 2001/59 489,
Us 7 234 409, FR 2 923 454 and WO 2010/02 87 62.

Thus, in the first of these documents, a device 1S
described, for installing a wind turbine on an ofifshore
site, wnich allows its transportation without having to
support the entire weight of this wind turbine.

The latter is capable of ficating sc long as 1its
foundation holds little or no water.

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

U-shaped fork with a longitudinal slot the facing edges



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 similar elements. Though this device
seems to generally give satisfaction, the operation consisting of handling and placing the wind turbine
on the sea bed under conditions that ensure stability that is as perfect as possible is perfectible.
Indeed, depositing a heavy package such as a wind tirbine equipped with its foundation on the sea
bed, from a ship that is floating and is therefore mobile on the water with six degrees of freedom,
requires a tool twakisdaoth nigitkfor gaiding tite packagesanefostakilizingg it Uptto ilsaarget®n the
water bottom, and flexible sgthat; ongerthe package is;depasited, the ship does not transmit excess
horizontal forces to the base. , Thus,. this. objective is aftained in. conformity with t resent
invention. Thus, a fliigtr obi’erc%%??ﬁé: ’Fn%/%%%or'l re¥a%teslté a%ﬁ%p%sf tra{%s%orti‘é%g_tlo g%%ﬁ%hore" site

a wind turbine pFeVidedsvith & sbicalldd iGrasity fourthition, thatie of€tapable Bt Stabifiziig the wind
turbine on a seabed by thé effeet ehity ommdveightisugplemented by tiFaticfthe wWiad turbine, this ship
having, viewed from;ahgve, the general shape of a "U," with two "branches" defining the hulls as well

as a junction bridge connecting them, the space.separati e hulls allowing the wind turbi §§eoylon to

enter it, characterized S@‘%ﬁé fact thg%%lltscom%igés? %Jplusrgﬁ?%f rig‘ia ang %ﬁﬁ:%?“‘ ,iles"avVhiQ_h extend
clear through safd 8hip? #56iE- Riwer BRE bEMGoVitRd Fith HefSrmable drranyierts fof EBnnection
to matching arratnigemenis 4 bornenby saidfonadation thkesespilesdrbing: drvablen ontdemand, in the

vertical direction, such that, by agescending metion afthese piles; said wind gsbinesisguided and
stabilized durin\ﬁ?thls desc%nding motion, and that, by a rising motion, said piles transmit a rising
motion to said witid fbing. The ship in question can be of the catamaran type. Thus these piles,
fifty or so meters long foFex@fthle, Eilone tHis figidity, F6EdeposRIAGEE Hint EPbife orf a Boltdm as
much as 45 m degpbtnbe obtdined wi fHheldeformablesaannection arrangements,, whienthey have a

length of some ten Q?%tsfstm%e {tpossible E‘?zQaV&fJPXMH%WQ?QﬁB?\éin%&\ﬁtﬂ%a cane.gtfreedom of
about ten degrees, corresponding to the horizontal motions of the shi ,relate% tottggldnggmjc

positioning perfdffnatice {1 ‘o 2 HeVibR%boTT the1aFGET ositioH) * = ==

is both rigid for guiding the package and for stabilizing
it up to its target on the water bottom, and flexible so
that, once the package 1is deposited, the ship does not
transmit excess horizontal forces to the base.

Thus, this cbjective is attained in conformity with
the present invention.

Thus, & first obiject of the invention relates to a
ship for transporting to an “offshore” site a wind
turbine provided with a sowcalled “gravity” foundation,
that is one capable of stabilizing the wind turbine on &
sea bed by the effect of its own weight supplemented by
that of the wind turbine, this ship having, viewed from
above, the general shape cf a “U,” with two “branches”
defining the hulls as well as a Jjunction Dbridge
connecting them, the space separating the hulls allowiling
the wind turbine's pylon to enter 1it, characterized by
the fact that it comprises a plurality of rigid and

n

vertical “piles” which extend clear through said ship,
their lower end being provided with deformable

arrangements for connection to matching arrangements



This design does not require 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 on the 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 floati‘rl‘ug ship and the wind turbine during descents.
These movements could either lead to instability of the wind turbine itself, or to undesired contact
between the pylonmfahé wintktigbine andathe ship, of: & anacceptabie accuracy’ fdv the deposit on the
bottom with respeetdadhe required target.1naddition; the eutrent could-also amaplify these kateral
position offsets. desc e,zb\c&%dingﬂ'g)occinoher %(;lvaplt%gjeeou%P%got ”Q&i%ﬂ'&g fealures: 9,.. . ;Said piles
are four in number and are Bosmoned‘? as seen from above, at the four square corners of a notional

quadrilateral:  9U1deRidpifbs Hralso PésiforfetFthag fordoméahas Hie 3 tiPEdGE of §ad junction
bridge, and for athers, obsaid hullss ing mdheédengtls af saigh deformablenamangements isrdetermined
in such a way that the deformable afrangemenis gempensate or absorb the motions of the ship so that

the "package" consisting of th%wind turbine %nd its foun%ation emains "stable" during placement on
" W e L The .S h% 1n %Fes 100 aan e O Tne.ca;amaran.tﬁk%.
the "offshore” site; it includes arrangementsdriving said piles in vertical motion: these

arrangements include piiigiis WHiH fnesh with rackd bbine By sai@ pilggters long for
example, alliow this rigidity, for depesiting a wind
turbine on a bottom as much as 45 m deep, to be obtained.

The deformable connection arrangemenis, when they
have a length of some ten meters, make 1t possible to
have flexibility when moving within a cone of freedom of
about ten degrees, corresponding to the horizontal
motions of the ship related to the dynamic positioning
performance {1 or 2 m deviaticon about the target
position).

This design does not require arrangements 1o
compensate for heave or other motions such as are found
on many offshore c¢ranes which deposit or pick up
foundations on the water bottom or on another ship.

If four winches, installed on the 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 to instability of the wind turbine itself, or
to undesired contact Dbetween the pylon of the wind
turkbine and the ship, or to unacceptable accuracy for the
deposit on the botitom with respect to the required
target. In addition, the current could alsc amplify these
lateral position cffsets.

hccording to other advantageocus but not limiting

features:



said 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 arrangementsconsisting 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 igaid it issef the semi-Sabrersible typerber Anathier aggéct of the
invention relates, o, aimethod for placing en arreffshozecipstallation sitee using a septsubaersible
ship conforming to_one of tck)lg abqve featurfsqaé)gqrcg@g% cog§|;st|ng of a wind turbine and its

: : T T T S .
foundation, saldcgé:cri(%rgse belntfj1 "§%vft§r%§pe, that i3 6 able f0'sink in the water and hold itself stable

on a sea bed under the inflient@i6r it ot wéight. 5°  TRR MEMGEis WotéwortHsFin #75t5r comprises
the following stepsey are at the edge of said junction bridge, and for

others, of said hulls;

-~ the length of said deformable arrangements 1s
determined in such & way that the deformable arrangements
compensate or absorb the motions of the ship so that the
“vackage” consisting of the wind turbine and its
foundation remains “stable” during placement on the
“offshore” site;

- it includes arrangements for driving said
piles in vertical motion;

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

- said deformable means consist of slings;

~ said deformable arrangements are provided, at
theilr ree end, with a svstem for connection to said
foundation, these arrangements being preferabkly automatic
and remotely operated;

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

- sald arrangements consisting of channels
formed in the surface of the hull and having a vertical

rientation, with an opening directed downward, while the
foundation includes an egual number of protruding
members, so arranged that they enter saild channels and
are locked intc ity

- it 18 of the semi-submersible type.

Another aspect of the invention relates to a method
for placing on an “offshore” installation site, using a
seml-submersible ship confeorming to one of the above
features, a package consisting of a wind turbine and its

foundation, said package being “gravity type,” that is



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 matching means; c/ 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 iﬁcreasing its draft to improve its stability;

e/ positioning the ship vertically above the installation location; f/ lowering the piles until the
foundation restsbRtha segbel; in they/ disconnesting of theldeformablesdrtangementssand
withdrawal of thgsship{4)= - the AGeprdingde agivantageams and getlimiting features of this method:

between steps d/ and e&‘rgh% druégé)m t%gh '§§Hﬁ@@§1 ncrergsgg,at . said draftis ingreased by

filling ballast compartments inc e s ip with'wa er; after said step f/, ballast
compartments inElbdeYd it thes fdthRiation are filled.

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

b/  lowering the piles and connecting the
deformable means to said matching means;

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

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

e/ positioning the ship wvertically above the
installation locaticn;

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

g/ disconnecting of the deformable arrangements
and withdrawal of the ship (4).

According  to advantageous and noet  limiting
features of this method:

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

- said draft 1is increased by filling ballast
compartments included in the ship with water;

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

Other features and advantages o©¢f the present
invention will appear upon reading the description that
foliows. 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 the appended drawings wherein: Figures
land2aresimplifiedviews, perspective and facing, respectively, illustrating the construction, on a port or
other site, of the foundation 7 of a wind turbine; Figure 3 is also a perspective, simplified view
of a tug moving two floating foundations like those of7Figure 1; Figure 4 is a perspective view
showing the assembly of a wind turbine using a crane and pylon sections carried by a barge to a
so-called assentfly site} fotatet-inia port or other area; Figure 5 is also a perspective view

showing the foundgtion of .the M@Mb'gwe 'h;r"spla@gw g@hO@Kiﬂg@@dﬁ;@ng@;@@;ﬂm@eﬁ'ghe pylon
sections: v EidiTe £ 12 2100 iy shawing fhe SIUR pagording. fe e Jverion in gpetarion

approaching the wind turbine; Figure 7 is a partial view, substantially similar to the foregoing, but from

another viewing®angie 'FiGure’s is a perspective view of the wind turbine and of the ship, which is
shown in phantom lines; - Figure 4 1s a perspective view showing the

assembly of a wind turbine using a c¢rane and pylon
sections carried by a barge to a so-called assembly site,
located in a port or other area;

-~ Figure 5 is alsc & perspective view showing
the foundation of the wind turkine in place on a chocking
cradle, before erection of the pylon sections;

- Figure © is a top view showing the ship
according to the invention in operation apprcaching the
wind turbine;

- Figure 7 1s a vpartial view, substantiaily
similar to the foregoing, but from another viewing angle;

- Figure 8 is a perspective wview of the wind
turbine and of the ship, which is shown in phantom lines;

- Figure 9 is a perspective view of . the
foundation of the wind turbine and of part of its pvlon,
as well as of the four piles which eguip the ship of the
invention;

- Figure 10 is a partial view in a median and
vertical section plane of one of these pilles;

- Figure 11 is a partial view 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 installation site;

- Figures 15 and 16, for thelr part, show the

wind turbine lowering and placing operation at the



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 is a partial view in a median and
vertical section plane of one of these piles; Figure 11 is a partial view 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 arrangemerits 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 #i€ shipreowsard2he installation site; Figures 15 and 16, for their part, show the
wind turbine lowering and placing opetationratdhe=8 offshoeensite; 18 i rfinellyzFigurest7 and 18

illustrate the Witmg@v&@aqjghje_srg@'s piJCq,;erela_gyﬁEgo the f _liq%agion,lpesl\ggQ@é the.departyre of the

ship, leaving the wind turbine in place on its site. In Figures 1 and 2 is shown, very schematically,
the manufacturé SFAFnAWrbiRe folidatidR, for exXafiE ohihie foofr BF a My dock “6f'4 férm of
construction whigkeisvaibie, if vedpired, io belteartspottetitlsy & batge to a final assembly area of the
wind turbine (Fig. 3). 1n 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 1s able, if required, to be transported by a barge
to a final assembly area of the wind turbine (Fig. 3).

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 with the technical characteristics of the ship
that will transport it,

As & wvarilation, such foundations can be made
exclusively of reinforced concrete.

The existence of sleeves 12 will be noted on the
two opposite faces of this parallelepipedal foundation
wherein are socketed, with the possibility of wvertical
movement, posts 13 (ssze Figure 3).

The advantage of these posts will be explained
further on in the description.

Furthermore, the foundation does not necessarily
have a parallelepipedal shape.

In order to allow optimization of cost and to
secure the transit of these foundations 1, they are
preferably compartmented into a certain numpber of
adjoining cells 10, in a c¢ross-—-shaped assembly 11, some
being filled with concrete while others are empty. The
latter are, however, designed to be ballasted by
admitting water into thelr interior space or, Ior sone
filled with concrete in a subseguent step.

Purely by way of indication, at this step, the

total mass of steel of this assembly can be 1300 tons,



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 with the technical characteristics
of the ship that will transport it, As a variation, such foundations can be made exclusively of
reinforced concrete. The existence of sleeves 12 will be noted on the two opposite faces of this
parallelepipedal foundation wherein are socketed, with the possibility of vertical movement, posts 13
(see Figure 3). The advantage of these posts will be explained further on in the description.
Furthermore, thelfodrdation Bees reof necessaily hase aFaraliéiepipeiat shape. In order to allow
optimization of cost andrto securertbe dgransit okthese foundationsit, theyarefirefarably of

compartmentedinto agertain.number.of adiaining cglis 10.in a.cross:shaped,asserbly 4d,, some

being filled with concrete while others are empty. The latter are, however, degigned to be ballasted by
admitting water fto’th&ir iRtehidt Spate 3P, for Some-flledwith cOhcrets in' & Subsequehtstep.

Purely by way of indicatién, as this>stepltire totaf mass ot stéél of #His a8sembly cas He™E300 tons, 9
while the mass ef,eoncseteican be2000:toRs re) lacaysubseguentistepyaotshows sheuflpating of the

foundation is ca&riecql out, Qggicgla&l}g W}gtl;lo%xie\yyt&jtsttga}nsig toap Qﬁﬁﬁ@?'yas@oﬁ?ﬁ&@% wind turbine.
storage location in a port area.

On 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.

The transfer of the foundation 1is carried out to
the assembly site where there 1is a crane G capable of
continuing and finishing the assembly of a wind turbine 2
onto its foundation 1. To this end, segments 22 cof the
pylon 23 of the wind turbine 2 have been placed in
advance in proximity to the crane. The label 24 has been
assigned to the cowling of the wind turbine and, for the
sake of simplicity, the blades borne by 1t are not
visible here. These glements can be brought by land or by
sea by means of at least one barge such as that labeled B
shown in the figure. '

Figure 5 shows substantially the same situation as
the preceding figure, except the Ifoundation has Dbeen
placed on a concrete or gravel cradle 3 allowing the
assembly to be stabllized during this assembly phase.

In the two situations of Figures 4 and 5, care has
been taken to fill with water the bpallast compartments
that were empty up until now and to complete the
ballasting by filling certain compartments with concrete
to reach 3800 tons of concrete, which are in addition to
approximately 1300 tons of steel mentioned earlier.

When the pylon, the cowling and the blades are also



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 example a foundation storage location in a port area.

On 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 drfét of the foundations during this transfer is on the
order of 4.5 m. The transfer of the foundation is carried out to the assembly site where there is a
crane G capable of continuing and finishing the assembly of a wind turbine 2 onto its foundation 1. To
this end, segmess 22 the pylor 23 of BrSwinditarbine Qutaeebeer? placeBiE AdVEAEE HY proximity
to the crane. Thedabelk24 hascheen assigredie the cayding:pbthewing-turhinesand, feoihe. sake of

simplicity, the bigelos horys By itarenqt visiglediare. Thege elements o be hiuahi by laad or by sea

by means of at least one barge such as that labeled B shown in the figure. Figure 5 shows

substantially the-8&m& Sitdation &5 e pfeceding’fightén&&eptihe folifidativhHas beentlaced on a
concrete or gravelcradierZattewirg the aksembily te béstabilizetedurimgL this assemiphE phase. In
the two situations@f-Figures 4and-5-care;bagbeen taken e filbwith avatertbe hiadlast cempartments

that were empty ypyniiw and to gomplets. e ballasting by Bling cegtain campargpenta with
I

concrete to react fons of concrete; which are in addition to 10 considered, this mass is
increased by appfoXifately™00 tons to reach a total of approximately 6000 tons. With a view to the
transit of the "package" tonsisting o theewirkhtlirbine andkits foundation,thewater bakasint

compartments agg then totally. ok, partiallyemptied-so thatihe apparent wejightiof fhisqpackage reaches
about 1400 tons due tqtuhebgartian[31 total rﬁjupen&ergg)ni%fsth% foundation. _ _ InFigures 6 and 7 are
shown, from differenc% a‘hg]fes*,ﬂtﬁe approach phases of a ship that will allow the"wind turbing

assembled on it§ f66Gndation to an offshore site. Initially,it is stated that the foundation
Initially, it is stated that the foundation

described above is of the sco-called gravity type, which
means that 1t 1s stable on the sea bed under the
influence of its own weight supplemented by that of the
wind turbine itself.

It is therefore incapable of floating under any
condition, once the wind turbine 1s set in place.

The aferementioned ship, labeled 4 in the Ifigures,
1s of the semi-submersible catamaran type and has, seen
from above, the gsneral shape of a U the two “branches”
whereof define parallel hulls 40, as well as a Jjunction
bridge 41 which connects them. Consequently there exists
a space which separates the hulls 40 and which makes
possible the engagement within it c¢f the pylon 23 of the
wind turbine, while <the foundation 1 occuplies a space
sometimes located below the 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, allows an improvement in the resistance
of the ship to strains and also allows an improvement in
the hydrodynamic guality of the foundation which remains

partially or totally submerged during transportation.



described above is of the so-called gravity type, which means that it is stable on the sea bed under the
influence of its own weight supplemented by that of the wind turbine itself. It is therefore incapable
of floating under any condition, once the wind turbine is set in place. The aforementioned ship,
labeled 4 in the figures, is of the semi-submersible catamaran type and has, seen from above, the
general shape of a U the two "branches" whereof defihe parallel hulls 40, as well as a junction bridge
41 which connects them. Consequently there exists a space which separates the hulls 40 and which
makes possibleThé engagerfesitadthin t o IepyRh 23 gRtrRaRNY taifsing twhileltfefourdation |
occupies a space-semetimesdoeateshbelewdthe ship and sometimes located between the floats of the

ship, depending on which step ogltq%&ocegggq_,ig cogsid%rggerst_ﬁgt'&ﬁdeggng grossmember, visible

only in Figure 13 and labeled 45, allows an improvement in the resistance of the ship to strains and

also allows an imprSVen&ntin thBhydrsdyramic qudlfy BFthe foundation which remains partially or
totally submerged during transportatidre  1uTiis cposshiehdiser istarranged andernsathcand at a
distance from thejjonction bridge 4lene raThisxigdge bears a;superstructine 42:which-constitutes the

cockpitof the DA< Finglly e lunclon bidoc 41 bas an gension 410 i e gepgralshape of a
space a

U which is located vertically"above the empty houses the service spaces. One
particularly impottittt ¥€ature of the invention consists of the fact that the ship includes a plurality of
rigid and vertical piles 50vichextermd:¢leat throngk itt ant \ithat iscmeant by ¢he teram'piles” is rigid
vertical tubes whigh £aghe splidht are preferably hollowed oyt imtheirdpternal yolume.i cy

of rigid and vertical piles 5 which extend clear through

it.

What i1s meant by the term "piles" is rigid wvertical
tubes which can ke sclid but are preferably hollowed out
in their internal volume.

In the present case, these piles each have a height

of about 35 m.

They are at a minimum three 1in number, but
preferably four in number. In this case, they are
arranged, viewed from above, at the three square corners
of a fictitious (guadrilateral which extends at the
extension 410 of the Juncticon bridge 41. These piles are
driven any known mechanical system 411, such as for
example a rack and pinion 53 which allows the pile
assembly to be raised and lowered relative to the ship.

In Figure 10, one embodiment of such a pile 1is
shown in cutaway. This pile 5 1is hollow here. It has at
its top a cowling 50 and 1is provided inside with
stiffening platforms 51 through which 1t is possible to
descend through openings through which passes a ladder.

Such a system allows 1in particular a safety
inspection in order Lo ensure that all the parts relating
to the piles are operating normally.

Also according to an essential claim of the

invention, the lower end of the piles is provided with



In the present case, these piles each have a height of about 55 m. They are at a minimum three
in number, but preferably four in number. In this case, they are arranged, viewed from above, at the
three square corners of a fictitious quadrilateral which extends at the extension 410 of the junction
bridge 41. These piles are driven any known mechagi%al system 411, such as for example a rack and
pinion 53 which allows the pile assembly to be raised and lowered relative to the ship. In Figure
10, one embodiment of such a pile is shown in cutaway. This pile 5 is hollow here. It has at its top a
cowling 50 and &providad-inside wWith&tiffening platfofiis 51ChiraE§T Whiich R9s possible-fifdescend
through openings-thraughsihich passesa laddeme fobteh aisystem allows in particular a safety

inspection in order to engure that alj:ﬁ_ge pé{gsorﬁqgglgttg the piles arg operating ngmllqgg. g Also

according to an essential claim of the invention, the Jower end of the piles is provided with U
deformable arrangeiehts 8%oP tofifeéioit B matéHing Hrangements 8 borne by the foundation.

Here in the embodimeni&ishowrrthede lape slings 6eonsistingbdf arrassembly oflinksotherThey could
however consistiefreables ok ameather defprmable meansn Byduay ohindieation; theslength:of this sling
is on the order QEhGilg]. s1in ig‘ugegéi acr}l%%ggl% it possible to understand the position of the piles 5,

the mechanical system 411 builf into the ship and the slings 6 with respect to the ship and the
foundation. Figures 8 and 9 make 1t possible to understand the

position of the piles 5, the mechanical system 411 built
into the ship and the slings 6 with respect tc the ship
and the foundation.

Referring to 9, it is noted that the foundation
has on its upper face and near its four corners wells B8
made up of a hollow tube which extends upward in a
trunconical shape 80 with conicity diverging upward,
serving as lifting points. A& locking system 7, not
visible, using a hook for example, allows the slings 6 to
be connected to said lifting points 8 on the foundation.

During simultaneous descending motion of the piles
5 the location whereof 1is directly above the wells 8, it
is possible to engage the slings & 1in the wells 8 and teo
firmly attach them through locking arrangements 7. When
this operation is carried out, the foundation and the
associated wind turbine are connected to the ship.

It is then possible to control the raising of the
piles until the foundation 1 comes into abutment against
the null of the ship, as can be seen in Figure 14. It is
possible to lock the wind turbine to the ship 4, for
example by making use of arrangemsnts shown in Figures @
and 12,

These consist here of channels 44 made in each of
the hulls of the ship 4, having a wvertical orientation
with a downward-facing opening, while the foundaticn 1
has an egual number of protruding members 9, 50 arrangsd

that they enter into the channels 44 and come 1into



Referring to 9, it is noted that the foundation has on its upper face and near its four corners wells 8
made up of a hollow tube which extends upward in a trunconical shape 80 with conicity diverging
upward, serving as lifting points. A locking system 7, not visible, using a hook for example, allows the
slings 6 to be connected to said lifting points 8 on the foundation. During simultaneous descending
motion of the piles 5 the location whereof is directly dbove the wells 8, it is possible to engage the
slings 6 in the wells 8 and to firmly attach them through locking arrangements 7. When this operation
is carried out, thecfoungatiorrand Usé asdutiated wWitdurbine sdé tonnectéd icthe shig- 100 It is then

possible to contral the saisingrof the piles uatikthe foundatien dl-eomes éteabutment against the hull of
the ship, as can he geen in Figure 14, 1t ig anslgkfs@égfflk the wind tyrbine to the ship 43;95 example

by making use of arrangements shown in FI%JI‘ES 9 and 12. These consist here of channels 44

made in each of the Hull$'d1%R&E SHip 4 R&Ting & VértikaFGrighitation with a downward-facing opening,
while the foundation 1 hésran equalimmber ofprotrodingmienbere 8y so arranged thatithey enter into

the channels 44,and,cemedato 43 abutmentagainst.their battosy, Helding in this position of abutment

is provided by a vertical§sre-£%nsion digstygqmecehna&%acl %le_i%i%ing system, 1 vefg%ajergovgment (in
the Z direction) then being pos§i%le. More precisely, the protruding'members are provided with

plates 90 which 'g¥terintd'the dRfnélka4 1Tt 1IRE tHie Hesifyn Yenkhstes 1aHge /Ertiddl doreés at the
slings and the lifting poirtsid:the dimensioning okthré lifting: peinfs>icatdéed bhy thesfoundatign also

being critical), ope variation waild be.foplace &/ frame dn the upperpart ok therpiles and asystem for
blocking the motions of the fgundgtiqcrkin the Plane (inthe X and Y dir%ctionalwitrﬂ{ res e%t to the ship.

The degree of freedom iff the Z <fvertlcaﬁ) &fﬁécﬁ%n,%% r%spsé%F {o the sﬁi[p, en being free. In this

variation, the difiehsiohfngoF tHe Rfting systert Rless probentatitBecabse fi€nat tiaitpré-loaded
and no longer handlesdynamic mamentscagteanly the fordes duentasthe appareid yreight offthe

package alone. £ ... J[hys lashed {a the ship, the foundation bas an.apparent weighi.on the order of
1400 tons, due tghtge ébﬁrfgim% es trgg% ghifcpeig gxerted on the partially or totally submerged
foundation. !

In this wvariation, the dimensiconing of the 1ifting
system 1s less problematic because 1t 1s not then pre-
loaded and no longer handles dyvnamic moments, but only
the forces due to the apparent weight of the package
aione.

Thus lashed to the ship, the foundation has an
apparent weight on the order of 1400 tcens, due to the
Archimedes thrust which is exerted on the partially or
totally submerged foundation.

The ship 1s then moved, preferably whilile increasing
the draft of the ship 4 so as to improve 1ts stability.
To this end, the ship 1s of the semi-submersibie type,
which means that its hull includes ballast tanks which it
is possible to fill with seawater.

During this maneuver, the draft 1is for example
10 m.

Once arrived at the =site, the posts 132 are
initialiy driven to lower them with respect fo the
sleeves 12 of the foundation 1 so that they project

beyond the lower face of the foundation. Then



The ship is then moved, preferably while increasing the draft of the ship 4 so as to improve its stability.
To this end, the ship is of the semi-submersible type, which means that its hull includes ballast tanks
which it is possible to fill with seawater. During this maneuver, the draft is for example 10 m. Once
arrived at the site, the posts 13 are initially driven to lower them with respect to the sleeves 12 of the
foundation 1 so that they project beyond the lower fakt of the foundation. Then 14 preparations are
made to move the wind turbine to place it on the sea bed FM. To that end, the draft of the ship is
increased if necessasy; foriexampledo 184, divd thesimilteneousdovieriig okthé piles 848
commanded. ;+Sueh afeurdatian: @quippedawitinh pestsmgvabie insthervertical lirectian pcan be

used independently of the. ship desgribed pete, ., s easilyunderstigod thaf depasiting a "heavy

package" such as this wind turbine and jts foundafion on the sea bed froma ship 4 that is afloat (and
therefore mobilé o thé FWREF accSHfgHHFitS ndtionsy tedifres a figiBBRHET Yuides the package
and stabilizes it to its tafgetlonahefwateraicttom. equirpthistcase ithis poasistsiof the piest5. This tool

must however berflexible sodhat, @needhe package isdepesited, the shipdees not tkansmit excessive
horizontal forcess,tc_)t;tjhedeOUCrlg}g%gQ. hereln this case, this involves the slings 6. These slings make it
possible to have that flexﬁalllty y moving within a cone of freedom of some ten degrees, which

corresponds to the horiZdntat fnofidis of the sHip TbRREcted Rith B amizIpositioriiig performance
of the ship (1 otz mkexectitsienabous thehtasgetipasition: T hrssteehnique gloéswotsedquire on

arrangements fqr.Gompensaiing farpeaye o pther mefians; such-as are nanmallyfewad gpamany
offshore cranes which depgsit LTt packages on the waler bottm or.an aother shibyes &
rigid tool that guildes the package and stabilizes 1t 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 tTransmit excessive
horizontal forces to the foundation.

Iin this case, this inveclves the slings 6. These
siings make it possible tc have that Iflexibiiity by
moving within a cone of freedom of some ten degrees,
which corresponds to the horizontal motions of the ship
connected with the dynamic positicning performance of the
ship (1 or 2 m excursicn about the target position. This
technique does not reguire arrangements for compensating
for heave or other motions, such as are normally found on
many ofishore cranes which deposit or 1ift packages on
the water bottom or on ancther ship.

During this lowering motion, the posts 13
previously extended from their sleeve 12 penetrate 1into
the sea bed FM, which considerably increases the
stability o©f the wind turbine in the plane without
disturbing the ground under the foundation. The closer
the foundation 1 approaches the sea bed FM, the more the
ship's heave is reduced dus to the suciion effect between

the sea bed and the foundation.



Duringthisloweringmotion,theposts13 previously extended from their sleeve 12 penetrate into the sea
bed FM, which considerably increases the stability of the wind turbine in the plane without disturbing
the ground under the foundation. The closer the foundation 1 approaches the sea bed FM, the more
the ship's heave is reduced due to the suction effect between the sea bed and the foundation. 15
Thus, upon contact between the foundation and the é?ound, the impact is reduced, as well as the
danger of having the foundation lifted off the ground after having been deposited. As the load is
gradually transferred fréinuhe shipap thecsda bed thevstipls diaft is radubedi(@n th@drderdf 2 min
all). Once this operation, is @@gieﬁr@iﬁcﬁﬂe@nﬂ@mj@@@rraagemamtxs Tzaredpenotely giscoppected and

the lifting tool is ol |s ‘ﬁ Inf;ab(!l %%%gh?\él@ﬂ%gl e 1§ %I&qlrgwgkgfemeh%%en
& tilling o i

proceeds. T e the a| allast spaces of the foun atlo with seawater can be triggered

from the ship betBritS GRRErFA!; oP’By %@%H&h@r@ﬂﬁ%ﬁb@éﬂ%@ﬁﬁ@eﬁoﬁﬁﬁﬁe the wind
turbine while catfyingstuitra simpiéwalvenpening operation péar theawater's susface<SE. (26 CLAIMS

1. A ship (4) for transpering tean;"offshares site a wineturhing (D previdednvith:a sgrcalled "gravity”
foundation (1), thaj;ls ong abIe to, stablll e.the Wlnd turblnelr§2)19n asea bottom (FM). u d rthe
influence of its own 1 {veigh su [éMented with that of the wind turblne this’ shlp (4) avmg,Xnewed
from above, the%etieth P& SU ith tivo I an&REs! definfii-Rfs- (40), as well as a junction

bridge (41) connecting theny thel spacessegarating theim (40) allowing thetérgagenhentapithin it of the

pylon (23) of theo\fvl%@r@;@%%@pr&g@&@g@@y the fact that it includes a plurality of rigid and

vertical "piles"” (5) passing cleag ttﬂrourg s%ig sh|%£4) thelr Iqbwelr end beln}gapcrg\slidegfwit@ggformable

arrangements(6)for connectln
foundation w1th seawater can be triggered from the ship

before 1ts withdrawal, or by means of another ship
capable of coming alongside the wind turbine while
carrying out a simple wvalve opening operation near the

water's surface SE.



matching arrangements (8) borne by said foundation (1), these piles (5) being movable on demand in
a vertical direction so that, by a descending movement of these piles (5), said wind turbine (2) is
guided and stabilized during this descending movement and that, by a rising movement, said piles (5)

transmit a rising motion to said wind turbine (2). . A ship according to Claim 1, characterized by
the fact that said piles (5) are four in number and aré ositioned, viewed from above, at the four
square corners of the of a fictitious quadrilateral. 3. A ship according to one of the foregoing

claims, characterized by the fact that said piles (5) ar&pBIMEned in such a way that some are at the
edge of said junction bridge (41) and the others at the edge of said hulls (40). 17 4. A ship

according to one of the{qreg&oin&glgim&_L ghaf%gerigggn%g@tf%gth%totheal@ng\tgga%qgeformable

connection arrangements (6) is determined so that the arrangements compensate for or. absorb the
motions of the ship,Sso that tHé*%hackafe™ Bonsisfing of B wititfturBing't2) and € 16andation (1)
remains "stable™ dueimg thé pl&eingefitherfouridationiortthe foffshoretisite. to  B:#FoshRipwccording to

one of the foregging claims, charactedzedy the fagt that it inshudesrarrangementsder driving said
piles (5) in vertical translation. . .. 6. A ship ¢ rdi im>5, c a\,rﬁg_tgri% d py the fact that the
arrangements inlé}lft 5 %?nclgnéj gvh%cﬁsm%‘gﬁ vﬁt% %%ofh%l%)c%%%%% ((?rneég sal?d piles (5). 7.A

ship according t'dife 6f4hE ¥8regoinG daims - EnaricteriAdhy thefattfidfaidoeformabi’ &rrangements

(6) consist of slings. gend: Alshipageordingsto Ve of thenforegoindgpclaimses” defining

characterizedbythefagtthatsaiddgforpable 25 2 function bridge (41) connecting
them, the space separating them (40! allowing the
engagement within it of the pylon (23) of the wind
turbine (2), characterized by the fact that it includes a
plurality of rigid and vertical “piles” (5) passing clear
through said ship (4), their lower end being provided
with defcormable arrangements (&) for connecting to
matching arrangements (8) borne by said foundatioen (1),
these piles (5) being movable on demand in a vertical
direction so that, by & descending movement of these
piles (5}, said wind turbine (2) is guided and stabilized
during this descending movement and that, by a rising
movement, said piles (5) transmit a rising motion to said

wind turbine (2.

2. & ship according to Claim 1, characterized by
the fact that said piles {(5) are four in numbker and are
positioned, viewed from above, at the four sguare corners

of the of a fictitious guadrilateral.

3. A ship according to cone of the foregoing claims,
characterized by the fact that saild piles (3) are
positicned in such a way that some are at the edge of
said Junction bridge (41) and the others at the edge of
said hulls (40).



arrangements (6) are provided at their free end with a system (7) for connection to said foundation (1),
these arrangements being preferably automatic and remotely operated. 9. A ship according to
one of the foregoing claims, characterized by the fact that it includes arrangements (44; 9) capable of
blocking the wind turbine (2) during its transportation, 10. A ship according to Claim 9,
characterized by the fact that said arrangements consist of channels (44) 18 formed in the surface of
the hull (40) and having a vertical orientation, with a downward-directed opening, while the foundation
has an equal number ofpratrueliig mepilserg (Y sordispesett thal thelrerer sakl chdnnkds (44) and
are locked into thema ot e ilz AiShipiaccerding ta ene afrthe foregeingiclaims, characterized by the
fact that it is of the semi-submersi e . for placing,0 "Off e" jnstallation
site, a wind turb?r?eﬁs&smﬁ‘r%%%e %wtrk%égy téo(%)fjcnallea& %rﬁ%%}%%%da(ti%ln (%?thgﬁ% g%é%g{t isS gble to
stabilize the wind'@iFbin&12) of BESEEBRGTER) UndEP 176 Mfitiendé bf itS bwrARERYAT suppfemented by
that of the wind turbire; using & ships#) conformirigeto orfesof Clainks detiroughs LG, tiarconidination with
Claim 11, this wind turping: (2)-previqusly resting;en a sumerged site,:characterizeg-by thesfact that it
includes the follQwjng steps: a/ m}g)é/in%'&hecgz@li (43%1ntﬂ,ftl%e lower Celgg of thecprilles.,@ is

vertically above or SU %?antiéjlﬁlralt%}c?’ve fhe matcﬁlnb onnéction arrain%uerrlnentéo(g) borne by the

foundation (1); "°ffsBretvering the piles (5) and connection of the deformable arrangements (6) to
said matching arrangements (7; 8); c/ raising the piles with the connected wind turbine (2), the

foundation (1) of the latigr ajways remainingatleastpariallysubmergedic going clains,
characterized by the fact that 1t includes arrangements

for driving said piles (5} in vertical translation.

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

with toothed racks (53) borne by said piles {(5).

7. & ship according to one of the foregeing claims,
characterized by the fact that said deformable

arrangements (6) consist of slings.

8. A ship according to cone of the foregeing claims,
characterized by the fact that said deformable
arrangements (€) are provided at their free end with a
system (7) for connection te said foundation (1), these
arrangements Dbeing preferably automatic and remotely

operated.

9. A ship acceording to one of the foregoing claims,
characterized by the fact that 1t includes arrangements
{44 9) capable of blocking the wind turbine (2} during
its transportation.

10. 2 ship according to Claim 9, characterized by

the fact that said arrangements consist of channels (44}



d/ moving said ship (4) toward the installation site while increasing its draft to improve its stability;

e/ positioning the ship (4) vertically above the installation location; f/ lowering the piles (5) until the
foundation 19 (1) rests on the sea bed; g/ disconnection of the deformable arrangements (6)
and withdrawal of said ship (4). 13. A method according to claim 12, characterized by the fact
that, between steps d/ and e/, the draft of the ship (4ﬂ s increased still further. 14. A method
according to one of Claims 12 or 13, characterized by the fact that said draft is increased by filling with
water some ballasteempartmebits buiitinig tife ship (4ne  hubl A pdéthodkactofirg fwone of Claims
12 through 14, charactesized by dhe fact that afier said stepsff the ballastcompartments hyjlt into the

foundaﬂon(1)a&%ﬂ&%ﬁ‘%%@ﬂN§gﬂhdation has an equal number of protruding
members (9), so disposed that they enter said channels

{44) and are locked intoe them.

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

submersible type.

12. 2 method for placing, on an “offshore”
installation site, a wind turbine ({2} provided with a so0-
called “gravity” foundation (1), that is cne that is able
to stabllize the wind turbine (2) on a sea bed (FM) under
the influsnce of its own weight supplemented by that of
the wind turbine, using a ship (4) conforming to cne of
Clajms 1 through 10, in combination with Claim 11, this
wind turbine (2} previously resting on a submerged site,
characterized by the fact that it includes the following
steps:

a/ moving the ship (4) until the lower end of
the piles (5) is wvertically above or substantially above
the matching connection arrangements (8) borne by the
foundation (1}

p/ lowering the piles (3) and connection of the
deformable arrangements (6) to said matching arrangements
(7: 8);

¢/ raising the piles with the connected wind
turbkine (2), the foundation {1) of the latter always
remaining at least partially submerged;

d/ moving sald ship (4) toward the installation
site while increasing its draft tc improve 1ts stability;

e/ positioning the ship (4) vertically above the
imstallation location:

£/ lowering the piles {5) until the foundation
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{l) rests on the sea bed:

g/ disconnecticn of the deformable arrangements
{6} and withdrawal of said ship (4).

13. 2 mnethod according to claim 12, characterized
by the fact that, between steps d/ and e/, the draft of

the ship (4) 1s increased still further.

14. A method according to one of Claims 12 or 13,

characterized by the fact that said draft 1s increased by

h

illing with water some ballast compartments bulilt into
the ship (4}.

15. A method according to one of Claims 12 through
14, characterized by the fact that after said step I/,
the ballast compartments bullt into the foundation (1)
are filled with water.



