W ND SYSTEM FOR CONVERTI NG ENERGY BY TRANSLATI NG ON A RAIL /MIULES DRAGGED
BY KI TES AND PROCESS FOR PRODUCI NG ELECTRI C ENERGY THROUGH SUCH SYSTEM

The presew0 2008/200570n refers to a wind system for convePCiIrng2oesrerogsy by
translating on a rail nodul es dragged by kites. The present invention
further refers to a process for producing electric energy through such
system In the past, the problem of producing electricity at | ow cost
by exploiting renewabl e energy sources has already been dealt with; in
particular, in sonme prior patents nentioned bel ow, processes for converting
wi nd energy have been proposed, together with several devices that subtract
wi nd energy to the wind through power wing profiles (generically designated
with the term"kite"). In particular, US 4.124. 182 discloses a device
equi ppe @R 1FYSTEM (EOR PENVERTINGENERGY | BY) TRANSIATING ON A %W@er gy
and convert it into the rotary notion of a shaft that actuates a generator.
Thi s deBYCKITES ANRIPROCESS FOBR BRODUCING (EIFCTRIG ZNFRGY {THRAVGH iSUEH "SYS ich
the kites are arranged in series. Each train is-equipped with a power rope.
Such cables are | ong enough to allow the trains of parakites to reach

hei ghts at which stronger and nore uniformw nds bl ow with respect to those

that bl ow at rgard.RssHt f AGRNLE¥E! refEYEM 30 o @hAd | $ystemnstdriddadettihguaietfie
correspondi ng power rope to a drumor a wi nch whose rotation direction can

be al tefbgaicggl chﬁ%ﬂ G Wnds,@eakn &ﬁ%g@aps; Qied! | B ypuiadi ngvtheion

ropes du e W current traction. 'Every train of parakites is

equi ppe ith a second rope, call "capstype",.cQnnec r ai

kite an%u?hFﬁhdﬁ ﬁﬁ?cﬂoi? PE“%%?S%%Fepf%ﬁE%B%CFF¥§F§SC%ﬁgﬁ%@éﬁﬁﬁgg%agg ites
to facilitate the rew nding procedure. Through a reducer, the rotary notion
of each SW°R¥h is transferred to a generator that, when actuated, produces
electricity. There is a single systemof pulleys that, through clutches and
gears, makesIa thaiprsi ﬁ@ﬁa%ﬁ?@ﬁa?éﬁb¢§P€HPNWﬁqueﬁﬁéuﬁﬁﬁeﬁtoﬁéwa%%%hd%ﬁ
The captured wind energy is therefore converted into nechani cal energy that
in part dxploiniedi atebyalsigenendmyy recoves i hgst héreadi noedn pdeadki tweis-hwhose
cap has been closed, and in part is converted into electric energy. Through
an aer oghaticuibal | oon cwemst raridr t patack t manticand |bdloat, edpambsde$ | afed
upon every operating cycle, the parakite are kept at a desired hei ght and

t he Cap%oh@&_eci‘ﬁgf el gDt RddOMeen progRbiesRahentwieN teld21723vices

di scl oses a current wind generator equipped with a pair of kites through

whi Ch t NG £ AGHE 1L EXGIAPLT A G NCCHI RAeCULEANT 8o OBUGEE Cdhin NicpUBl s

hi gh-resi stance ropes, into t rotation o rum pl aced at ground | evel .

The winch actuses @ ydraul |6 mber Ly Qygh. i ch the current producti on

In particular, US 4.124.182 discloses a device equipped with
“parakites” (or “modified parachutes”) to capture wind energy and convert
it into the rotary motion of a shaft that actuates a generator. This
device is characterised by a pair of “trains of parakifes" in which the
kites are arranged in series. Each train is equipped with a power rope.
Such cables are long enough to allow the trains of parakites to reach
heights at which stronger and more uniform winds blow with respect to
those that blow at earth surface level. Every train is constrained through
the corresponding power rope to a drum or a winch whose rotation direction

can be alternated so that it winds again the ropes or allow unwinding the



British patent GB 2.317.422 di scloses a device equipped with a plurality of
kites that, due to the wnd action effect, rotate a vertical shaft

connect edwoaoe/geser at or for produci ng current. The kit esTarmopo®bed by the
wind performng a circular path in the horizontal plane. Every kite is

equi pped with a device able to nodify the wind attack angle in order to
guarantee flight continuity. U S. patent US 6.072.245 discl oses a device
for exploiting w npd ner composed .of a. nul titude . .of .kites ected_to
Fopes [ GPRFRGOEET g T ii's SAPETE drroern e, Tl Pl mararane"ts
ascending path to a descendjng one, determning a rotar tion of the ring
al ways &CBHPChe1EAne 88¢ECt TGRS, Evdr§dki ?%Jwté’g%gnr@@%ﬁt% % 56%Rr “ror
transmitting mechani cal energy and to a system of driving ropes for

adj ust i fgtehandi rdravgackhadh étoflseaﬁ‘hsslé%tl@. ErheSRtEa Ve bpe Caeta®ERi €S t he
rotation of pulleys through which the electricity production occurs. The
dri vi ng propleitear ¢ousedi fisrtankhagreadofing trroasdures dhposdh irradhass, itdet he
ascending path, allows the kite to be dragged upwards by the wind, and a
second pesity ofbtidnt e dessendhay pat trssfbhedd the Xi gendsitsubjket editen a

| ower wi nd thrust. U.S. patent US 6.254.034 discloses a device
equi ppedpidtedd Kidgidest ethaned:ajr anatd s pushed byybhen Wrngurssemis,at a
controlled height, in order to exploit the wind energy. The kite is

connect 0 opet W t t geneL atRh-of Qi PE Ogieci Ng
el ectri ?gééﬁghggg%e%ogﬁ% agskin?igql,gsaép r F\%ﬁn%ta%gg?]glm&%s %%;sem%l ed,l t hat
detects d nodifies the wind_attack angle and npdifie e ] p.
wi nd fré’?’i Car¥ys @ﬁ%ﬂé%ys%mcfiglc%r&?t rolY ed ' FdnTgr %%érl{fsfg%gaﬁéﬁt%gﬁg(?o{rnﬁt%t hat
reads on a display data transmtted by suitable sensors, or autonati carlllﬁly

d
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ascend with a high attack angle. After having ended the ascension, the
attack dmgie ¢% paxgliiees afipseheari has diacBes1Psedhr 8L 8 BrTthgS teoergrted
upwi nd. The kite is recovered, again glides dowmw nd and the cycle is
repeat ednto electlitcknpatyentThdot@i 747 1 mbisset ios dnldodeviorstgmnt ato teadtthe
previ ous above descri bed one in which however the manual driving node is

not pravhdethn@ndfristathiapl tbeldtietieup@cevery qeadtsndycyeilant theg phhekidet e
as a flag, in order to mnimse the wind thrust when rew nding the ropes.
are kept at a desired height and the caps have a fixed orientation.

Chinese patent CN 1.052.723 discloses a current wind generator
equipped with a pair of kites through which the traction exerted by the
wind currents is converted, through high-resistance ropes, into the
rotation of a drum placed at ground level. The winch actuates a hydraulic
motor through which the current production occurs.

British patent GB 2.317.422 discloses a device equipped with a
plurality of kites that, due to the wind action effect, rotate a vertical
shaft connected to a generator for producing current. The kites are pushed
by the wind performing a circular path in the horizontal plane. Every kite
is equipped with a device able to modify the wind attack angle in order to
guarantee flight continuity.

U.S. patent US 6.072.245 discloses a device for exploiting wind



U S. patent US 6.523.781 discloses a device conposed of a kite ("airfoi
kite") through which the wind energy is captured, having an inlet edge, an
outl et edyO 280801202860 si de edges. Such kite is driven thr 8GFATZHOHRWHINI sm
supported by the kite itself. This device is equipped with ropes connected
to the kite edges and the kite is driven by nodifying, through these ropes,
the pitch angle. The driving nechanismis supplied by electric cables
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recovered and afterwards driven in order to capture again the man.

U S. patCeReensippi @2t GieteRpaus048 197 adVsBPolds 04 HeticeJeqtiipised Wd s
kite for exploiting the wind energy that generates electricity by

act uat i sgre bylinechisnof Evepes kite winclorermest ¢ td BOREnekdt ortarsRetkinde i s
driven by neans of additional ropes through which the wind attack angle is
nmodi f i echecldre dsilt encagyeans twi thsestingbf adtiadkg argfes. £&f taeli ubarionghended t he
ascension, the attack angle is mnimsed and the kite is recovered in order
to startcbhe cyelie agaidich kite. | tid i goweratept appéitiaksornhd02006A0004F1 of
the sane Applicant of the present Application discloses a wind systemfor

convert !pﬂgl&%eggyo%mﬁiéﬂ RYcal1dgastiQnerkid@ ibhatck@s. btedhi-nemgl Fpast he
ground immersed inat least one wind current and a wind turbine with
vertical, axis placed, . al géaoc;ﬁgg(i,l[cﬁvg£s ugh p\%ﬁéi&#ft%ﬁ,g %ﬁf'té}% SQULRPER

with at eaSt®one ar m connec rough two'ropes to t e, such kite

bei ng adapted to be driven by the turbine in aorder (o0 rotate_the_arm and
per f or mpfag@ c%?é’rssitgﬁ 8 beené@ﬁrﬁ‘?g’?%ttﬁpw@lrgét EY ch%%e"?lé‘? 't ﬁ?guahs% N ast
one generator/notor system operating as generator cooperating wth {he

t ur bi ne PoBhielaropBs i dRgCaEdERCe82EdLIP (1HF r s MLt mET PP BET SR AGr Gy $10m
and to the kites and to check the kite flight trajectory. In such w nd
system wihd @mmstand rotating shaft, the production of electric energy
occurs by exploiting the twi sting nonent generated on the turbine arns by
the kites and.dripatrgntofust e2kd 1084 aldeutssesnlay deyioeaagiigbed opesh dvbridever,
in such wind systemwith arns and rotating shaft, the conponents arranged

for storipgidiedr 9Pesa20d) Buskeddyt heekiieb cakeerty tbea tathbiroEleeentigntgnd
therefore far away fromthe point in which the ropes go away fromthe

ground ti?lwﬁft%sr ttBeeﬁt(lto‘?L%' tiid RAhHYendySUBte WiRd SYSbamRMWdIht BFRhaArope
rotating shaft, the kite recovering pipes are fixed. Anyway, as can
be noted by analysi,ng the exist] ' , i e i pped
wth kigéé%h§98c¥huﬁgh§FéFa E%E?gg?%&%ﬁéf?%%bﬁ§§ﬁ§$£@1g??é%?%égﬁ?ggﬁe Ites
are equi pped both with power ropes and with drivin opes: . this, neans, that
the r opd PEAdENIOHEN W EheSGrERL 1T AT B BHUGTT oG EEhP <=1t TRt LS
transmtted to the kite driving nechani snms, but to other w nd system
conponerig, Wit GE§RCK o esand dM) [ | BiredERTCSHERE orch §TOM: SXFANCtiSh.
The | ack of use of power ropes for driving the kites nmakes the wi nd system
st ruct ursystenpls cattroMiethfadn gretad day dins apwERtCagetshat repds |an @s dasrlay
driven by nmechanisns directly installed on the kites or

data transmitted by suitable sensors, or automatically through a remote

control system. The kite is driven in order to downwind ascend with a high
attack angle. After having ended the ascension, the attack angle is
reduced and the kite glides in order to bring itself upwind. The kite is
recovered, again glides downwind and the cycle is repeated.

Dutch patent NL1017171C discloses a device similar to the previous

above described one in which however the manual driving mode is not



WO 2008/ 120257PCT/ 1T2008/ 000089 t hr ough auxiliary (driving) ropes.

Unw ndi ng and rew ndi ng of these ropes occur by neans of w nches

excl usi veWvg 2062120850r such pur pose, placed at ground | evecCTarmsspessded from
the ground (namely supported by the kites thenselves). In case of use of
driving ropes, placenent of winches at ground |evel allows not to consune
part of the energy subtracted fromthe wind currents to support the driving
mechani s weight; .- the. ki ri i er.t n ectricity
When ascondt e oy<hift DEithgTEnBlG: S6b . Beiichy AT FisE 4 &
conpone arallel to the w,nd eed uch step is.fqgll owed by the

recover &FL% Rt 8@%%“‘&51%% H Eﬁd’f‘%‘% t§§umf éf’égg -7%%”83%:1%? V‘\C?S ﬁs%/% i se the
braking effect. In a limted nunber of wind systens, it has heen devised to
exploit the Pi$t PIrde Ufanelddt Al wiirFloRetist CeHpchem™perPerdi dul'ghtct o
the wind speed) in addition to the drag force in order to nmake the kites
clinmb. Theimfdiantkate” )dertinpugly fbieh tie us@dofenerds 1t artugedyi Rgimedénwi t h
respect to the previous one consists in that, in order to produce

el ectri dahlyy edot, aml puthe kidye aresist aride digesal St hétkiitsedkivan itbrough
exploited. Anyway, in both nodes, the intermttence-type operating cycle
(an ascendiBghrakRAP sabpsteat g whé hkitd eeevefy BiiepHetigd i &d dduappédevith
draggi ng effect of the kites through which the production of electricity
occurs, rbﬁe@rcgj%%@&téﬁql‘éb el Rgrdaldqdf ahhechatihiwdeser Ubededibyt hedkeyaey, (i n
fact, it 1Ts absent during the recovery); - the energy conversion occurs by
i nposin t hrough the po ropes, r ti.00. i QN t t
generatng?W%bﬁg?%i§°B§S¥ﬁ-gr%§§?h§5$§3u2§$§?9?ﬁﬁi“18§%Q§%%9§| lg%%é%hing
energy with continuity during an operating cycl since the kite. recovery
ocCurs BﬁeﬁeFﬁaFPH§*§d@ﬁcﬁﬂng%%§b £hPGHGh ﬁﬁ%bﬁ'?tIWNEW Satﬁﬁykufh%o a
electricity generation interruption occurs and a consunption of the .

previ ousEHClpr Sitic edCRITERgy .2 THRNSHOT ndiBhs PEARYERE ISV ErY o eXtter'fide
users is made possible by using accunul ators; - attention has been focused
excl usi wetgndsn pubkegriodudts ovindf easpkwittingi the tHifdughree cyrd ikespraeiess anThe
choice of the path that the kites nust describe when flying in order to
maxi m selhdhs patperafi coday eidtadtentgtegying sperdsdimonpbret @ifyeneveoyeehded t he
problens related to the control systemof a kite or of a train conposed of
many kitgs seueebed i S@rkessarecsrakll whd hafverdetd |ddiReaniexbrairelty
reduced nunber of projects and researches. This is also due to the fact

that curd gghE{gggﬁ{%ngswﬁ£§ mai nly focused on the increase of productivity
of already existing systens instead of on the devel opnent of new energy

FI;;'? gﬁf I ng Syﬁt. §ne patler}ltora%%rliéa?ti%%r tds%bé’ozx%‘ib‘/edﬁgé?lo%%%v% pcﬁeqﬁlcgn%qu%e%pean
with a kite for exploiting the wind energy that generates electricity by
actuating, by means of ropes, a winch connected to a generator. The kite
is driven by means of additional ropes through which the wind attack angle
is modified. The kite ascends with a high attack angle. After having ended
the ascension, the attack angle is minimised and the kite is recovered in
order to start the cycle again.

Italian patent application TO2006A000491 of the same Applicant of
the present Application discloses a wind system for converting energy

comprising at least one kite that can be driven from the ground immersed

in at least one wind current and a wind turbine with vertical axis placed



Application EP 1 672 214 in the nane of Sequoia Automation S.r.|. instead
di scl oses a system for converting kinetic energy of wind currents into
el ectri c woepgy1203s7ough the predictive and adaptive cheekTar200éeoohss ght of
kites connected to a "carousel "-type systemusing a vertical axis turbine.
bj ect of the present invention is solving the above prior art problens by
providing a wind systemfor converting energy by translating on a rail

ol o5 8 BPAEA PLEL' BBt ST BB ATLANG, SAL S it ol e
connected through two ropes to the kite, such kite being adapted to be
driven by the turbine in order to rotate the arm and perform the
conversion of wind energy into electric energy through at least one
generator/motor system operating as generator cooperating with the
turbine, the ropes being adapted both to transmit mechanical energy from
and to the kites and to check the kite flight trajectory. In such wind
system with arms and rotating shaft, the production of electric energy
occurs by exploiting the twisting moment generated on the turbine arms by
the kites and driving of the kites occurs only by means of ropes.
Moreover, in such wind system with arms and rotating shaft, the components
arranged for storing the ropes and driving the kites are in the turbine
centre and therefore far away from the point in which the ropes go away
from the ground towards the kites. Finally, in such wind system with arms
and rotating shaft, the kite recovering pipes are fixed.

Anyway, as can be noted by analysing the existing prior art, known

wind systems equipped with kites have in general the following common
characteristics:
- the kites are equipped both with power ropes and with driving ropes:
this means that the rope load through which the electricity production
occurs is not transmitted to the kite driving mechanisms, but to other
wind system components, through ropes suitably employed for performing
this function. The lack of use of power ropes for driving the kites makes
the wind system structure complicate, with all related disadvantages;

- the kites are driven by mechanisms directly installed on the kites or



driven, the path travelled by such kites when flying in order to maxi m se
the rate of converted energy and the wi nd systemarchitecture, in which
each noduwe 2oes/cmsnect ed t hrough at | east one rope to aPCTATIV0®H00kR$% es
that, pushed by the wind and suitably driven, generates at nodule level, a
traction due to which the nodule translated on at |east one rail that
perfornms a closed path and through a generating system cooperating with

nodul e rail ner at el. ric_energy. .. not her..obj ect t

present /il roREFEED: Or B RE) o oo o s LEIER Mo ey 7
ranslating on rail nodul es dragged by kites jn whic e kites are driven

by a srré’FF‘%&oW rnEﬂaHEy@?eYPrrEW g%ﬁg‘ésjtvﬁ Y k1e%s 108 PR oPHIRATEN PI3ASHY #4n

optimum path in order to optimse the wind energy that can be subtracted
from t h&TRIR level omsysherdashifaen Bie Heupr eSBRELY nHPRETER! iy pheviidieig a
wi nd system for converting energy by translating on rail nodul es dragged by
kites i thahéadiveshe ki tessec@miposien®ft Weiwingl pstsenpbicaniest ppéswitchegvant i on
are driven through the sane ropes through which energy is transferred to

t he wi ndrsyst esvabdillless not to Miieoeepartanfothecheody tdubt paesentromwent i on
is providing a wind systemfor converting energy by translating on rai

nodul es dh@ggedes Kbt S5 pdort WL Rirt e inb&Sarakiis didiw@n; by a smart control
systemthat actuates notors connected to wi nches, possibly by interposing

reducers, plagebnext 4 heygranad andehalfer oot thenshndanal

nodul es, such w nches operating both i riving the kites by unw nding and

rew ndi 19 _ILohi%é'%Op‘g'?e V&%gd Ao nfjnagng?{/n tk?‘endwilng Moral el tc'orrtllgor%et}iet 'bgggflello%g for

converti nB enerqgy.
the wind speed). Such step is followed by the recovery of kites by placing
the kites as flags, in order to minimise the braking effect. In a limited
number of wind systems, it has been devised to exploit the 1lift force
(namely the wind thrust component perpendicular to the wind speed) in .-
addition to the drag force in order to make the kites climb. The advantage
deriving form the use of this latter driving mode with respect to the
previous one consists in that, in order to produce electricity, not only
the kite resistance but also the kite lift is exploited. Anyway, in both

-
modes, the intermittence-type operating cycle (an ascending step

alternated with a recovery stepj implied that the dragging effect of the
kites through which the production of electricity occurs, is present only
during half of the path described by the kites (in fact, it is absent
during the recovery);

- the energy conversion occurs by imposing, through the power ropes, the
rotation of winches connected to generators, possibly by interposing

reducers. This does not allow producing energy with continuity during an

operating cycle, since the kite recovery occurs by actuating such winches



Anot her object of the present invention is providing a wind system for
converting energy by translating on rail nodules dragged by kites in which
t he kitesweanreosdri2sen in order to allow converting the wPQW/IEIVO8/000089y
mainly exploiting the lift force and in order to performa path during

whi ch the dragging effect is present alnost for the whole length of the
operating cycle. A further object of the present inventionis

provi di n | ngyst enyf QnagogVenti ng, epargy; By r sl ating o drdhbei
nodul es g?gﬁﬁggﬂby Eltes ggcmh?ch %he ener gy éond%rsion occurs thr&%&ﬁn
generators actuated not by the_rotation of,.w nches, but b transl ation
of the WHaSy8 éﬁfﬁﬁaﬁﬁ%épn OfTganf‘89u8%¥é%Pg%?é%ﬁ@eﬁ? Sgﬂg ?ﬁggﬁfﬁgn i's
provi ding a wi nd. system for converting energy by translatjng on rai]l

modul es CHFEHedehy vt B THFPPRSIUTEER 1S Mg lCda g RYatSEh et g 2 hydil e

that translates on at |east one rail, and that converts energy by |
expl oi t irngaitisatieamstabeash forusedredelusd valie ano the Pr9REGEH MY C&f ¢S T BT the
kites connected to said nodul es. Anot her object of the present

i nvent i ahroghprooviydilig @racess.syBeemhbore cohviee | pafheridagy thy kitess|ratsitng
on rail nodul es dragged by kites in which the kites conposing the system
can be akseridhel v throdghirspetkert phatedeothdoaitd dbheceanetdd teesrgy is

creating turbul ences that give rise to pressure gradi ents. Another object

of the @ﬂﬁ@@pEoﬁ@Mggqu&xh§c@é@yiding a wind systemfor converting energy
by translating on rail nodul es dragged by kites in
- the problems -related to the control system of a kite or of a train
composed of many kites connected in series are dealt with in detail in an
extremely reduced number of projects and researches. This is also due to
the fact that current researches are mainly focused on the increase of
productivity of ‘already existing ‘systems instead of on the development of
new energy producing systems.
In order to partially solve the above problems, European Patent
Application EP 1 672 214 in the name of Sequoia Automation S.r.l. instead
discloses a system for converting kinetic energy of wind currents into
electric energy through the predictive and adaptive check of the flight of
kites connected to a “carousel”-type system using a vertical axis turbine.
Object of the present invention is solving the above prior art
problems by providing a wind system for converting energy by translating
on a rail modules dragged by kites that is different from the current
state of the art in particular due to the modes with which the kites are
driven, the path travelled by such kites when flying in order to maximise
the rate of converted energy and the wind system architecture, in which

each module is connected through at least one rope to a train of kites



whi ch the conmponents provided for storing the ropes and driving the train
of kites are on board of each nodule, next to the kite recovering systens.
Mor eover ,wanog2ezsy of the present invention is providi RgTAT2008/000889st em f or
converting energy by translating on rail nodul es dragged by kites in which
the kite recovering systens have an end part adapted to be oriented, with
the chance of rotating both in the horizontal and in the vertical planes.

that, pushed by the wind and suitably driven, generates at module level, a
traction due to which the module translated on at least one rail that
performs a closed path and through a generating system cooperating with
module and rail generates electric energy.

Another object of the presentvinvention is providing a wind system
for converting energy by translating on rail modules dragged by kites in
which the kites are driven by a smart control system that takes the kites
to perform when flying an optimum path in order to optimise the wind
energy that can be subtracted from the wind.

Another object of the present invention is providing a wind system
for converting energy by translating on rail modules dragged by kites in
which the kites composing the wind system of the present invention are
driven through the same ropes through which energy is transferred to the
wind system modules.

Moreover, an object of the present invention is providing a wind
system for converting energy by translating on rail modules dragged by
kites in which the kites are driven by a smart control system that
actuates motors connected to winches, possibly by interposing reducers,
placed next to the ground and integral with the wind system modules, such
winches operating both in driving the kites by unwinding and rewinding the
ropes wound around them, and in supporting the ropes load for converting
energy.

Another object of the present invention is providing a wind system
for converting energy by translating on rail modules dragged by kites in

which the kites are driven in order to allow converting the wind energy by



Anot her object of the present invention is providing a process for
produci ng electric energy through a wind system according to the present

i nvent i orwOhaes/i2825more efficiently actuated with respecPCrarwoswoongs been
proposed by the prior art. The above and ot her objects and advant ages
of the invention, as will result fromthe follow ng description, are
obtained with a wind systemfor converting energy by translating on rai

nodul es _dt e ckite S i i | ai er h bove
and othgg£§%$6%¥§¥5§ﬁgé 9§n%gg€sﬂ%%£t%38i%bg%%antgrgeo fgfﬁé &Ptﬁugﬁg
process
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non-trivial variations of the present invention are the subject matter of
t he dep®REEFING| A HE- The present invention will be better described
by sone preferred enbodi nents thereof, provided as a non-limting exanple,
with ref er endefurghehecksiecitosed-hér pYRsRyS, LavenifiPe s PFPGAiNgsh diigidasystem
perspective view of a preferred enbodi nent of the wi nd systemaccording to
t he pregsentcinvweeninprnerfy Gy Zrahelstiag enl @igedoperesperagya WyeWwiofs an
preferred enbodi nent of a conponent of the wind systemof FIG 1; FIG 3
shows apnesh adlﬂ@e@né)&jaﬁ pe6VTéreaoMi el ehiuehesdedaeshodicraatedinocanioy hevwe

conmponent of the wind systemof FIG 1,
rotation of winches, but by the translation of the wind system modules.

Another object of the present invention is providing a wind system
for converting energy by translating on rail modules dragged by kites
comprising a ring guide with at least one module that translates on at
least one rail, and that converts energy by exploiting the translation of -
modules due to the dragging effect by the kites connected to said modules.

Another object of the present invention is providing a wind system
for converting energy by translating on rail modules dragged by kites in
which the kites composing the system can be also driven through spoilers
placed on board the same kites, creating turbulences that give rise to
pressure gradients.

Another object of the present invention is providing a wind system
for converting energy by translating on rail modules dragged by kites in
which the components provided for storing the ropes and driving the train
of kites are on board of each module, next to the kite recovering systems.

Moreover, an object of the present invention is providing a wind
system for converting energy by translating on rail modules dragged by

kites in which the kite recovering systems have an end part adapted to be

oriented, with the chance of rotating both in the horizontal and in the



FIG 4 shows another perspective view of the conponent of FIG 3; FIG 5
shows an enl arged perspective view of the wind systemof FIG 1, FIG 6
shows andovleposend2f ged perspective view of the w nd sysPEWIEI0HP@IBIL; FlI G
7 shows an enl arged perspective view of a preferred enbodi nent of anot her
conponent of the wind systemof FIG 1; FIG 8 shows an enlarged
perspect}ve view of a preferred enbodi nent of another conponent of the w nd
system Q |G 9 shows an enl arged perspective view of the
conponeﬁ?ro(xﬂ1é§m§§ FIG. 10 shows a perspective view of a preferred

variation of _th
ogher obje §t§¥nt%208£é251% Egbén.%ogrggeg¥0v18¥g§té(%}bcess for

producing electric energy through a wind system according to the present
invention that is more efficiently actuated with respect to what has been
proposed by the prior art.

The above and other objects and advantages of the invention, as will
result from the following description, are obtained with a wind system for
converting energy by translating on rail modules dragged by kites as
claimed in claim 1.

Moreover, the above and other objects and advantages of the
invention are obtained with a process for producing electric energy
through a system according to the present invention as claimed in claim
197.

Preferred embodiments and non-trivial wvariations of the present
invention are the subject matter of the dependent claims.

The present invention will be better described by some preferred
embodiments thereof, provided as a non-limiting example, with reference to
the enclosed drawings, in which:

- FIG. 1 shows a perspective view of a preferred embodiment of the wind
system according to the present invention;

- FIG. 2 shows an enlarged perspective view of a preferred embodiment of
a component of the wind system of FIG. 1;

- FIG. 3 shows an enlarged perspective view of a preferred embodiment of
another component of the wind system of FIG. 1;

- FIG. 4 shows another perspective view of the component of FIG. 3;

10



FIG 11 shows an enl arged perspective view of the wind systemof FIG 10;
FIG 12 shows an enl arged perspective view of a preferred enbodi nent of a
conmponentWO204880247nd system of FIG 10; FIG 13 shows PEHATHES/0(9889spect i ve
view of the component of FIG 12; FIG 14 shows an enl arged perspective
view of a preferred enbodi nent of another conponent of the wi nd system of
FIG 10; FIG 15 shows an enlarged perspective view of a preferred

ebodi ment pof 8NGINRT A6 UMANGIE AbsbAiS LNtk SYSECTR B ndlDstdn ANF8; 1,71 G

16 shows an enlarged perspectiv rew of a pre i ment of other

conponents_of the wind systens of FIG 1 and.10; . Fl 7 sho anot her,
enl ar ged pgf%peg(;ISW‘és \ﬁrlﬁ%?%f ?Wﬁeargsﬁpg%%ﬁ?tegg%\fe =Rl %; %h?:I"&n\gigyg egbwgo fa
schemati c vi ew of another preferred variation of the wind system according
to the piEseht invention in two of its operating

- FIG. 7 shows an enlarged perspective view of a preferred embodiment of
another component of the wind system of FIG. 1;

- FIG. 8 éhows an enlarged perspective view of a preferred embodiment of
another component of the wind system of FIG. 1;

- FIG. 9 shows an enlarged perspective view of the component of FIG. 8;

- FIG. 10 shows a perspective view of a preferred variation of the wind
system according to the present invention;

- FIG. 11 shows an enlarged perspective view of the wind system of FIG.

10;

FIG. 12 shows an enlarged perspective view of a preferred embodiment of

a component of the wind system of FIG. 10;

FIG. 13 shows another perspective view of the component of FIG. 12;

FIG. 14 shows an enlarged perspective view of a preferred embodiment of
another component of the wind system of FIG. 10;

- FIG. 15 shows an enlarged perspective view of a preferred embodiment of
another component of the wind systems of FIG. 1 and 10;

- FIG. 16 shows an enlarged perspective view of a preferred embodiment of
other components of the wind systems of FIG. 1 and 10;

- FIG. 17 shows another enlarged perspective view of the components of
FIG. 16;

- FIG. 18 shows a schematic view of another preferred variation of the

wind system according to the present invention in two of its operating

11



WO 2008/ 120257PCT/ 1T2008/ 000089 steps; FIG 19 shows an enl arged schematic
view of the systemof FIG 18; FIG 20 shows a schematic, front sectional
vi ew of awpr2edsenpdd enbodi nent of a conmponent of the w RETAY20N0689 FI G 18
in two of its operating steps; FIG 21 shows a schematic view of the
system according to the present invention in sone of its operating steps;
FIG 22 shows a schematic view of a stationary aerodynam c surface i mersed
in a mﬁggeégrrent and the related forces generated thereby; and FIG 23
shows a schematic view of an aerodynam c surface free of noving along the

di recti on pies pegcoular, Lo, Wk 3pRSE.30 I0eoF ol L9 GgorgengEat od

- FIG. 20 shows a schematic, front sectional view of a preferred
embodiment of a component of the wind system of FIG. 18 in two of its
operating steps;

- FIG. 21 shows a schematic view of the system according to the present
invention in some of its operating steps;

- FIG. 22 shows a schematic view of a stationary aerodynamic surface
immersed in a wind current and the related forces generated thereby; and
- FIG. 23 shows' a schematic view of an aerodynamic surface free of moving
along the direction perpendicular to wind speed and the related forces
generated thereby.

As can be seen in more detail in the following description, in
general the wind system according to the present invention comprises at
least one module adapted to translate along a rail, preferably made in
order to compose a ring-type closed circuit, under the thrust of at least
one power kite immersed into a wind current to which it 1is connected
through at least one rope, such module behaving like an autonomous
generator that converts into electric current the wind energy captured at
troposphere level (that extends up to approximately 15 km from the earth
surface). In particular, next to each module, the energy is subtracted
from the wind through a train of kites connected in series, driven by
means of servo-assisted winches autoncmously controlled by a smart control
system.

With reference to the Figures, it is possible to note that the wind

12



As can be seen in nore detail in the follow ng description, in general the
w nd system according to the present invention conprises at |east one
nodul e adspPt2ees/R2Msfr ansl ate along a rail, preferably na@€TIIR2008/608% o
conpose a ring-type closed circuit, under the thrust of at |east one power
kite immersed into a wwnd current to which it is connected through at | east
one rope, such nodul e behaving |ike an autononous generator that converts

into el gptudic @urfr&n_tccsrh%r%%g eRerdy captMfied alot m@ogz@s%& | e¥elntl gat

extends up to approxi mately km fromthe earth surfac n particular,

next to g@gg dyl e e e IS, .Ssub ted fromthe wind through a.train
of kites onﬁg%tg% %ﬁ£§éf?%s%8%?%3%%%b Eﬁgﬁﬁ%:%f85%?%%-%%%?%Fgaoa?ﬁﬁﬁé¥
aut ono sl ontrolled b smart,. control, system Wth reference to the
i ur o0 PSRBT ShOERE el Mo LT HES it GGt one wind tant of and
2008/ 120257PCT/ 1T2008/ 000089 system 1 for converting energy according to
the preSRMEaY eI cprieass anel egse dn&paoiter ladsty Peofolsle Bhépein
bel ow al so briefly designated by the term"kite") imersed in at |east one
wi nd cugfEretwardeconrdévedoiased unixtato | desyromel ropeadipted dto Leastlabae
nodul e 5 for generating electricity, placed next to the ground and adapted
to translaige aal dbegstatonkeastl dherr ai | THe 0itds JTherdidreser? iar erdél wen dirfg
order to drag the nodules 5 to which they are connected and al | ow

conver t tig motiileLBEt @YnHiBhOt 1R LEHE | GnBBEIQY ahBrQUGh adnJeeastiy 98 &%@gy@lt i ng
system conprising at | east one generator/nmotor 20 and/or 21 describe

bel ow, f@i, %@@&ﬂl@d%&g@- tﬂ-ftﬁjglhog@Sle%s@r&eagréﬁ%faQiR?L%stt%mF rﬁc%ﬂ%?le%mg ata nd

mechani cal energy fromand to the kites 2 f ragg t he

to cont t fll j ry.of, the kites.2 ensel \es. Her gi n
bel ow, %é)élpsgc efer rdeehggén%%{j/lmr)rg% %8f 4 é)rvv?ln es?%%kéer# ??eg(g orfgirn%aqhom?%epgesent
inventign wll be desats:%&ﬁeg. V\'{lth ref erence to each conponent of the w nd
system 1°° k8PEHVer a &S RAhal? drABFTVe MERRGHGRE r PRALIYsTERyand to the
functionalities will be included that, without inpairing the performance
that cafti5e febehetraoninhiiier saditlesc st anthdos contplofthe helighs| eraspsteny 1.
For such purpose, conputer-aided nulti-criteria decision techniques can

hel p de?f e dpittiesui Perkslyes.reach the best structural architectures, as
wel | as the control techni ques whose objective is optimsing the device

oper ati on arferpiodugliovyi & ypreferred Radbgimedlt of ned vasdas@sten 8 LRrHNUPUS
or discrete type. Continuous functions can be easily explored by relating

the bengfitise t padseran heeBbidl NRd1bYLEhABGEAD AL t IiiRUL 6% raUEI-ASt £08Leh
wei ght, resistance, |lengths, angles applied to a solution. Discrete

al ternaldgsedtavert aee Limtedyandh 1, moreover a series of alternative

characteristics and functionalities will be included that, without

impairing the performance that can be reached, highly reduce cost and

sizing of the whole system 1. For such purpose, computer-aided multi-

criteria decision techniques can help define optimum paths to reach the

best structural architectures, as well as the control techniques whose
objective is optimising the device operation and productivity.

Design alternatives are of a continuous or discrete type. Continuous

functions can be easily explored by relating the benefits that can be

obtained by changing attributes such as cost, weight, resistance, lengths,

angles applied to a solution. Discrete alternatives have to be listed and



WO 2008/ 120257PCT/ 1 T2008/ 000089 herein below, with reference to each
conponent of the wind system 1, their major characteristics are described.
The wi nd wo=0@m20256f t he present invention therefore coRpTIITHOS/MINN®S 2
made, for exanple, by weaving fibres commonly used for nmanufacturing
specific sails for certain sports activities, such as for exanple surf and
kart. Due to recent aerodynam cs studies, kites 2 are avail able on the

mar ket that. are able.to sati sf ertain nee Ln :

i vabi PREST BELE0! FART YR aFF o, B RAD SRRk b Sl BOREEH iy
energy transfer fromw nd: this is fupdanental since the kites 2 nmust be
driven 88)h&baidd et actTOATRXEGSCEEPHY means of the wind currents Wis
maxi mum and at the sane tinme does not inpair the travel of nodules 5 on
rails 6. TheTke tdsdosyarem ihef éhererasentirivenRtien SPEEPIAE FPBIIEES aites
traction that translates the nodules 5 on the rails 6 always along the sane
di r ect i @nmadSuctorr esaiple,s eachkedndytresalbbymardduluaed n§ox Hearaasgyring
transfer fromthe wind, as will be seen afterwards in nore detail.

Wien t hepkitms 2aikefiof |aarigit espdrte ddtdeitatest heich apefat iemgmsiFeedrt tand
aerodynam c resi stance of ropes 4 connected to the system 1l base inplies a

chai n-t ype, ditonti Qacthat sdmdihigest Rev@tdackiasgl 2 ofc thaikites o tmki ng
them assune a gliding position with increased efficiency. By adjusting the

autack GOgE Qhatherkl Les. 204 %&%?%y&&t%qgwnte@&n 8 1ghtky opukbgg:dip L6

fl apped, an intrinsically fee pe systemis obtained that Settles the

apparent, speed.of kites. 2. . The power_ that_a ki 2..S ract
from wi ﬁalﬁgﬂgbﬁ%t iliggn ShOYH L1 df]r‘lvemgego}al\l\gcr?aﬁzﬁ’ cLefri g%sésnl%% eoth Ogluélg%ezl@%and
of its area. In particular, such power _Jincreases wth e square of the
aer odyn&RFESY \WPDRS) 120957t F2DOS 66‘6%%@? F‘fi %]ir@ﬁ}c%g%n]&qcleﬁngawv Wt h
the area. In order to locate the optinum solution that nmaxim ses the power
that a kirteerp dos tabt ethe EuastiortefaFtafingy mqanss of hehef'eisl (HEEFHI%e 1t ¢S
i ntervene on those two factors. .
maximum and at the same time does not impair the travel of modules 5 on

rails 6. The kites 2 must therefore be driven in order to produce a
traction that translates the modules 5 on the rails 6 always along the
same direction. Such result is reached by suitably modulating the energy
transfer from the wind, as will be seen afterwards in more detail.

When ﬁhe kites 2 when flying tend to rise at their operating speed,
the aerodynamic resistance of ropes 4 connected to the system 1 base
implies a chain-type distortion that modifies the attack angle of the
kites 2, making them assume a gliding position with increased efficiency.
By adjusting the attack angle of the kites 2 in ordér to show them
slightly pulled up or flapped, an intrinsically feedback-type system is
obtained that settles the apparent speed of kites 2.

The power that a kite 2 is able to subtract from wind is function
both of the aerodynamic efficiency of the kite 2 and of its area. In

particular, such power increases with the square of the aerodynamic

14



A kite efficiency depends on the kite shape. The choice of an optinmm shape
is therefore a decisive contribution for obtaining great aerodynam c

ef fi ci encWO2008838337opt i num shape nust however be kept alPE€B/TEHEP0GPRY kite 2
is subjected to stresses of drag and lift forces (as better explained

bel ow). For such purpose, it is possible to use semrigid kites 2.
Differently fromthe conpletely flexible kites 2, the semrigid kites 2 are
equi pped, _for exanple,.with an.extremely |ight f due L ch.t.

it bl CEEiFenEy natt { b et B ey | 2agEiATe oGt 6B Bl e
kites 2 can, for exanple, be structured as | ozenges. made of polyners. The
use of SeRLiTNgtHRE yIBHELPRY EGmOHET | Mfttoverfent gflﬁe%?ﬁ?ﬁ§h§8¥t z SRly
due to a better aerodynam c efficiency, but also due to a better driving
easi neswind,n ipais itderafore pghditly tanBeraymmet Fiasewivh 1368pETt to the two
kite 2 sizes in order to guarantee a side flexibility useful for recovering
the kite 2 i A &icer eé§puoiticag depenieer omgtisy skitm Sshapser iThed deliogy. of an  |n
order to maxi m se the power that the wind system 1l of the present invention
must beopblent Ghspdt Lacthdredarwi add¥¢idilvei soptefrerabh eféo dsainfor eaeh
nodul e 5, many kites 2 nutually connected in series to forma train 3 of

Kites 2 .oy RuAeE LOrSYBhENS PUlkhOBpE ORAS shapd NmSHC MhakewdY , bé hRepd nd sbr ont
area Wthat "each nodule 5 is able to intercept is greater. This results in

an increase ple the Araoal ng.GELEG! Lhalbrans! & egdhemduke Soand (as
consequently ih an increase the electric energy that can WO

2008/ 120257PCT/ 172008/ Q0Q089 b enerated at every_o i . er
frain 3PBROR (4912508 CBHAHLt Pt o Bt P nioudh Bostmire Sy & e
ropes 4: consequently, the operatin rincjple of . the.wind system 1 daqes
nolto depéﬁ@i@)ﬁﬁiﬁc’!ﬁ% %uﬁ%éﬁewt&’ t%@ng%%ﬁﬁ@%}%@%’nf%eéﬁ%ég lfjrfreﬁy?'r gzihﬁ ¥ ™Such

a multi-layer configuration not only increases the intercepted wind front
area W rbotd Kiftemndeane eguipnglie b esemmbe,awatih t bl SXtagHPLYASaT obfaer

al so provides the chance of inproving the aerodynam c efficiency. The ropes
4 can i guéag! whech nihegkated 2i odro ashend, wdblk séxapbléehe lsimekar2 shapst tohogrdi n
the Figures) or the walls thenselves of the kites 2 can be the connecting
el ement jhegveeankd I ese2k et 2skownton dhepk gbees)rudtnrédiras expogicngnaR
airfoil "section and keeping the assenbly geonetrically stable. This allows

renmovi ng et %?l%%? 4rfcanget har egéﬁﬁeriﬁ%iggagné’m%j S¥edtheorbhertdte of

maxi mum syste peed area. In order to obtain this result, the kites 2 can
assume an_arc _shape i.n i t e O G RNORSH t er
kites ZPeﬁﬁngﬁgﬁ%s%%ta?”@%%Qet%§§b%§%%$%%§5 Ianecﬁﬁﬁ%gﬂmjtﬁ %ﬁ%égso?&%
connecti ng | ]s. . . _Herei,n belaw, for.c | et ene referenc 11, be
made 0 PhE RSN AHELYh TR T Y rer G MRS LTTaCK Borh TaEe e
each nodule 5. The nunber of overlapged_kites 2 can arbitrarily increase.
Mor eoverithy TRERSITNGE? hENYyl 5Bal KaFRascShgeant? QRORE i her SHETHYSEhe nthier
of kites 2 conposing a single train 3, the kite size decreases. This nakes
kite reddeveilyilihy esqful sfon reapcuiivgesiedsier? iasa \GqurepRorsHan ECEPHAIds
in nore detail. An enbodi nent of the wind system 1l according to the present
i nvent i ayspen0\8i desciivatl bdilewki tes 2 belonging to the sane train 3 not al
have the sanme sizes. The kites 2 in the top part of the train 3 have WO
2008/ 120257Pgn TH#dE2008/ 08888 the power that the wind system 1 of the present

invention must be able to subtract from wind W, it is preferable to use,
for each module 5, many kites 2 mutually connected in series to form a
train 3 of kites 2, in order to sum the pull on ropes 4. In such a way,
the wind front area W that each module 5 is able to intercept is greater.
This results in an increase of the dragging effect that translates the

module 5 and consequently in an increase of the electric energy that can



di mensi onal relationships and rel ative aerodynam c efficiencies different
wWth respect to the kites 2 in the bottompart. The kites 2 nearest to the
nodul e 5 wioeoiseozshy characteri sed by a | arger area andPCHmAT008/800889z €S
decrease by proceeding towards the upper end of the train 3. This
configuration is adopted because the farther away a kite 2 is fromthe
nodule 5 to which it is constrained through the rope 4, the greater its

speed during its flight, Ther ) ceedj m the Lo ngd to the
Chper o oPnetdtel A eyl R P e e R RO L ot e gt
speed i ncrease of the kites b rogressively reducing their surface. In
sgch a wRYeqRE B%vx%‘?dugﬁb rﬁ%]f%éhfrao%ﬁ?‘?ﬁee vayﬁﬁe“@v? TR Sséhecqn(??qlé%%ﬁyki te

2 of the same train 3., The wi nd system 1 according to the present
i nvent i R CIMBRFIEE PEERBOLENCF GHEsWINhSABERY 1t 6025 &R iR or o Lher %‘fﬁ%ﬁﬁd to
the kites 2 and used for dragging the nodules 5 for converting energy and
for cheoki ngtehe ¥ | cghtected| ot osgries tire Ritteein thenBedtves. MPREIthayeri on
ropes 4 are an el enent that nmust be accurately sized since a possible

over si zchgf wouththi amawei dab} yinkréag:sahbat iarericeptehsendf fidreg rreerbdyovdn c
resi stance. An enbodi nent of the wind system 1 according to the present
inventigp peviades dihaletdgbopss # shavary vagtapiedsastecen 4ot pshasasi n
the Figures). In particular, the rope section, next to the nodules 5 of the
wi nd syshemyl, (RamR! Yib 8 i5§CHLONS RIayhORES ArSUDLRGE ednt 060N iNUQUS 1pOVET
manoeuvres and i n contact wth systens adapted to pérform such nmanoeuvres
and descripbed bel o ave. g greater _s{ze Wwth r tHt e ti-on t he
ropes 4%ﬁ%§<tb? oll—tltﬁgr??%l nlsr%‘? otsgki 'E'ngi%. a?’hiésil]eal g%g (%b'?g%)pni %%&gl 5?1e§?l%r
wear resjstance. The size variation of ection could MO .

2008/ 126287SCT PF2608/ BROEFERSE bR rﬂfg&i“eoﬁ‘lg? pped it B S8PRCCYIRY
order to further reduce the drag of sections of ropes 4 subjected to

gr eat er espesds behersl Kithe ? eHthSheT ridhe B REXITSSo- t B 1Al FEPEBE Kt es
2), the section of the ropes 4 next to these |lengths can, for exanple, be
aer odynamttalll peawidel hed keeporalithg asscabky tgeorpbtiqeasr stadsea Blisghtlows
asymetric |lift, avoiding turbul ences and oscill ating phenonena. Such
resul t gamnohigigohhai redes f or (@xdnmterefbye coat i digaat hopppepsby! Wien) dn the
star-section extruded sheath (not shown in the Figures): in this way, the

star proheehi8e$sQin theebheat h @y erdef kectishibytmNdeWiid | lkha kitke 2 can
approximation is realised. In case of oscillating engagenent, the

proj ectig eg%pleé?é endpduibiah; £ 16l @R it desdd absbest ald @Rardther
ener gy, thereby arrpenan the oscillation. The wi nd system 1 accordi ng
to the prese invention further, conprises I L. one fmdyl e t hat
transl a?ége%:?’atorl 55 esoﬁ%agal ?n%?tof 8Pp%?<>§ﬂrr%F% %ga%ﬁeglggg of \L/\E)r?egﬁes éllg,twﬁ or

by magnetic |evitation, adapted to drive the kites 2 and to convert w nd
cur rent CERRFGY Ptk ectric energy. The nodul es 5 are placed next to the
ground and each nodule 5 is connected to a train 3 of kites 2 through at

| east one roperdiradgpeed for crPEpLTRoNesdr celereif aid!t Be tdekitPes 2 &6
used for dragging the nodule 5 for converting energy and for controlling
the fli ghtwhichj et ovipdodysithm kittassazttdiensedivédgtes 2 foyyedehy spdrlenée B¢ t he
Figures, it is possible to note that every nodule 5 of the wind system1
conpri sesmgdr | easbveriespgbeal lkeyed 1 2t hraoughrbihirehi tyheimodabe. SMorenvelrat &y at

| east on the rail 6. The shape of the trolleys 11 of the nodules 5 of the

Wi nd systepirly ithePbehe1akika ags iR Gadd Yinteeedihgd thé M@ider of Okidddi M se
the resi stance opposed to
composing a single train 3, the kite size decreases. This makes kite
recovery and expulsion manoeuvres easier, as will be seen afterwards in
more detail. An embodiment of the wind system 1 according to the present

invention provides that the kites 2 belonging to the same train 3 not all

have the same sizes. The kites 2 in the top part of the train 3 have

16



WO 2008/ 120257PCT/ 1 T2008/ 000089 air when operating the wi nd system 1.

Each nodule 5 is equipped wth all necessary conponents for the automatic
driving oVOt2pe8/RPISEs 2 and for generating electric ener §CT/ITHES/6WAer si on
of mechani cal energy into electric ,energy occurs, for exanple, through
generators 20 and/or 21 directly connected to wheels 16 and 18 rotated due
to the effect of the drag of the nobdules 5 on the rail 6 conposing the

el ectri eirgeResadll NQ18YIrRA pdSard rah { erRabl V& hant be Athyalden ?Iffter} nt .
generators 20 and/or 21 by neans of wheels 16, the conversion of nechani cal

energy it ri e .0C eversi | oyi ng |inear
magneti c rr}gtr g%g&ttng tg%o?/f%y?srcl%?ﬁg %B%Bgm é%%?'yq%d&%sgt%%’@ﬁ&té’ EB%ear S
as ag o] e.to deliver power jndependently fromthe other nodul es
55 % ORSERLCL BB oA e R B 5T 08T e R ol Pe ok Sasc
smart control s%/j%s]temo erating on each nodule 5 and through which the

Kk

flight BICERES kPY e TR ofRIGTEAI I5ec oPeBl lead, andthke stpply 8ysThis

cooperating with such smart control systemto manage accumul ati on and

del i ver‘iPrggg‘élfaéé?Pi &S e?@RfpdpPegaisssd thy §erdeat ewsy 20 kit ¢f i1 fadomi tige t he
nmodule 5 translation along the rail 6 under the effect of dragging by the
kites 2nadglehdctp ivhich tonhectedttaiedghhthiehr pesrdoe 4, theF@fesf¥er Yrs
nodul e 5, the smart control systemdrives the train 3 of kites 2 in order

to explscedt beritadgs nglafttecThéfe RIrdeT b Gorrkedihe fFBLAULB: 5 JIRYEQD @
closed path. In particular, the smart control system cooperates wth a set

of Sensoies uphbd:h cadt BROADUS iSUBPLY Rl@Led op kid %%sé-ﬁ{bﬁttos%e dULoL gLl on,
preferably in wirel ess node, to ground conponents of e snmarf system The

t I ' h ' ti VWO , ,
2008] 120350 PCIT 1T 2008000058 wiLh Gt RS 1 nFbr RECTGT CHRMGE TS S8t

d f le th I f th 4 | oad det ined b
Ceadi ng TR piai T ST RolBYS 98 REHET GRGITEE W PRrir: Aaeeal |39 &hd B o m

a processing.to.automatically drive the kites 2 when the wind system 1
opgr at etsr eagch ilte 2 of the sar¥1e train y

The wind system 1 according to the present invention comprises
traction ropes 4 adapted to transmit forces from and to the kites 2 and
used for dragging the modules 5 for converting energy and for checking the
flight trajectory of the kites 2 themselves. The traction ropes 4 are an
element that must be accurately sized since a possible oversizing would
unavoidably bring about an increase of their aerodynamic resistance. An
embodiment of the wind system 1 according to the present invention
provides that the ropes 4 have a variable section (not shown in the
Figures). In particular, the rope section, next to the modules 5 of the
wind system 1 (namely the sections of ropes 4 subjected to continuous
power manoeuvres and in contact with systems adapted to perform such
manoeuvres and described below) have a greater size with respect to the
section of the ropes 4 next to the trains 3 of kites 2. This allows

obtaining a greater wear resistance. The size variation of a section could
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As regards driving of the kites 2, the wind system1 according to the
present invention provides for two nodes. The first node consists in
usi ng t hevpews'12623pes as drivi ng ropes. Each train 3 of PKI{TENO0G0489
therefore connected to the corresponding nodule 5 through a pair of ropes
4. Such ropes 4 firstly allow dragging the nodule 5 (and therefore
generating electric energy) due to the transm ssion of the nechanical
ener gy b - f i C S STe  [-ORSS r r
unmundggnécﬁn?g&g%ﬁd%ggéé%ﬁe gnbviﬁghwgﬁg%gs ) 2i4N 5%3@55 [ nugr der rté%l%ere;c%% C{rﬁg
train 3 of kites 2. The secqgn riving node consists in using,.spaklers
(not sh8wSSTrPhe 68?%%)41&”%%%%6&9%0%%9? es%eﬁgs ) ej’ﬁr%luegﬁersl?qfckﬁ o
spoilers it is possible to create _turbul ences that give_rise to pressure
gr adi entsP? Hr 66gh WhitdR FRRING Ptest 2kidFs g)r'i \Fi]ﬁ se?‘ﬁfeloé’b(?%tl%ep(ﬁopﬁgs &t be
actuated, for exanple, through piezoelectric systens, shape-nenory pal yners
and/ or £Pbekeseofesdide rpnofgr meeablal Loy serohesslar Syorerehisdapecdctingel v
checked. Such system has an autononous supply or can be supplied through
cabl es ¢oot khmwthat hgendragest heshipihtl esgmegadch LhES kiavesdng Thebeksmces| s
for actuating the spoilers are preferably sent in wireless node by the
smart candredcisystey pBendtsdrizg Bhenh spuller san ilbe icbtpassd bl fort exanglee bhe
kites 2 without necessarily having to enploy the ropes 4. In such case,
namel y, cwﬁn%y%ltl@%?@@t 4 Lak®S 2 Ca¥F 5 Qb rmMOBUYFIRA bheatH (86t Zhbsin oM kear d
them and WD 2008/ 120257PCT/ 1 T2008/ 000089 a train 3 of kites 2 can be
connect he. cart di : ingl

%9?&1%52 uks: g%&%ﬁ%ﬁg kﬂg'%guél%jégg%oﬁg?}ﬁ sBesStgke dORe-thd by

excl usi vefy use mtting t w ng to drag the nodul e
5. Driving.of the kites 2 can .al sa occur. by, adgopting hoth _ . :
above-d3§%$ieﬁegl d%s.Elte SRR TS ng S iT5o0t det ?%P ra}S%e Ogn SEht w9
traction fromthe kites 2, there are different %p%oaches whet her therg are
one or ABYRIEENG Ager BRREEH 1IOMhIUPRYT® o BPEiH dErahty theCtHdnER 50T

perform ng manoeuvres to actuating systens on board the kites 2, being

| i mi t edstationansg mnerohe theaehy clpemodr bppseilhati®ad overlap the driving
function to the traction function. By increasing the nunber of ropes 4, it
is further possibliedt eyatendii vacrgpriiimet tonshas porsesct iiowenfianhelfatthgek
angle of the kite 2, safety functions and quick spilling functions.

Ther ef okgnpiiResase Wasdr bMé ngodineopgthdthe renpisced owi bb Draswi bheutaitihé,
support of spoilers), every train 3 of kites 2 nust be connected to the

cor r espegdi NG pPAUbe RahBr gHahR1Paid, Al EPPSS honbi Case i Ohtidh| Vadited
exclusively through spoilers, instead, there is a single rope 4 that

coer LS SR 1006| 2T DR N At UASE it
(ir iszlfugr?aglgegg/r.eTﬁg emord(l)ﬂgg 54 ailrse E:Egcl:'leccf %’exgrt?oa ttl %grcr)@rllc! fa%hngaéhh?no%fed SS)igt em
connected to a train 3 of kites 2 through at least one rope 4 adapted to
transmit forces from and to the kites 2 and used for dragging the module 5
for converting energy and for controlling the flight trajectory of the
kites 2 themselves.
With reference to the Figures, it is possible to note that every
module 5 of the wind system 1 comprises at least one trolley 11 through
which the module 5 translates at least on the rail 6. The shape of the

trolleys 11 of the modules 5 of the wind system 1 is preferably

aerodynamically modelled, in order to minimise the resistance opposed to

18



Herein below, reference will sinply be made to the case in which, in the

wi nd system 1 according to the present invention, driving of the kites 2
occurs bywaeass2e3sS7a pair of ropes 4. For each conponenPCHAT2088060%9d syst em
1 analysed in detail below, anyway there will be pointed out
simplifications that it is possible to introduce in case of use of a WO
2008/ 120257PCT/ 1T2008/ 000089 single rope 4 for draggi ng each nodul e 5.

Even if l.im.ting the. r r i s advant ageous from an aerodynam c
poi nt of Vi ‘&% eeﬁg(% gﬁ%genw\?\nﬁ?hs%{%\%mfldpes 4, in addition to nere driving

and traction, al so provides the .chance, of rformng energenc euyres.
The directi oRaf? dIP‘?‘&lﬁg 3 s'% yEERPEY ‘6]ot§hi WERE A i?ﬁ"%gae%%%%e;ﬁﬁeal
variation of the length of the due ropes 4, but is the differential
vari at i htefatifedgiia ngopEstie dsiceadd Ik TR ngesPehing DECFRE IENEESY 2, Fher e
occurs a situation in which the lift, defined herein below as "w ng
si desl i popvéssioanceIneedanidrdeenehiys iobadtEcsnic siieubd IR RecPoCEHP6F a
quick return, it is possible to quickly rewind the ropes 4 wi thout wasting
ener gy. tbBusidty uehatgitisckodeadsnt ,21dul reot heccahterd gfo twheeld nkp sirgedliSi p,
there is however the risk of spinning of the kite 2 with substantial |oss
of cont rgkatdd) REJRE kBepee¥&t Fuhhel @88 0bf COMY mMaldnlés b sopossd hiailt @
provide the kites 2 with aerodynam c devices and arrangenents that all ow
easily 1ing the auj S G haydedg. reachgd bhe-desivedcbeight
and cor r%tg@? ylpl%es%}%r eg%%grgggﬁ%rﬁﬁgﬁpr?d@t}%ti ve flight condition. In the
W ng sideslip steps, .the side edg f i.te-,2,hbe t a
houses ﬁggﬂaﬁ?@ &%zi PordtF 5%?%% ?nogtarn?éé%t ?li rkl)gt %‘%gﬁﬁrgg gﬁér(r%l%g?%ﬁalr%sepace
and an actuating and stabilising system of the sidesli mangeuvr e Potb'
shown i FOPREFEP ur%fs)r.“e%if}nc}c& t FAEEHY a%ﬁlgost F?FJS? ngen%;:/ emis, ofor ¥
exanpl e, characterised by directional sponsons and spoilers controll ec& by
the snmarevesyitlyl espbkudng Llineayjesnet dguldorel i(gRt domdi tiorfde £havre -
directional sponsons are transverse to the thrust direction and are fl exed
di sappedvieng noddedér thetefarenmgicbyrs hes ki t gererefof calekroyto WREAVAF ngover
sideslip, the directional W) 2008/120257PCT/ 1T2008/ 000089

independently from the other modules 5.

The wind system 1 of the present invention further comprises a smart
control system operating on each module 5 and through which the flight of
the kites 2 1is automatically controlled, and a supply system cooperating
with such smart control system to manage accumulation and delivery of
electric energy produced by generators 20 and/or 21 during the module 5
translation along the rail 6 under the effect of dragging by the kites 2
to which it is connected through the ropes 4.

For every module 5, the smart control system drives the train 3 of
kites 2 in order to exploit the dragging effect in order to make the
module 5 move on a closed path. In particular, the smart control system
cooperates with.a set of sensors with autonomous supply placed on kites 2
that send information, preferably in wireless mode, to ground components

of the smart system. The smart control system integrates these information
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sponsons are lifted, actuated by the flow that appears in the right
direction. The directional sponsons therefore concur in re-balancing the
penetr at iwo 2008/1257ki te 2 when it is inproperly used i nPChaTosgoossades! i p
passively inproving the manoeuvre stability. A further stabilisation
arrangenment is actively obtained with the spoilers/spoiler (already
previously nentioned) suitably placed and geonetrically actuated by a |l ogic

that uses, di LGEL! ¥r Oy QUGN LE ALAUNLEORET BhouldfANEBIL OOl hdryalt

0
tracing s%%sors, in order to courtérbal ance t trend to spinning. The

actuating and stapilising syste f the sideslip,mnoeuvre allows,i iate
hei ght (’Eg?r Fo /%dﬁ%f? Soﬁsi?ﬁrg ?iﬁ‘éeﬁ?ilf‘%d WS%dﬂ&ggﬁﬁ%ésa%%mBﬂg%%%
havi ng reached the required height or elongation of the ropes 4, restqring
the |ifEeRyionegupelang LhoTarelideE 8+ Enndl PFERGT A dFOPRESIPpES A HRPATI bl e
with the normal flight. In the wind system 1l according to the present
i nvent i dnjve libealpislascat viom ohe thigdasysfen hoererdtesabi | i sing system of the
sideslip manoeuvre mainly consists in the quick and controlled

di sengagenentsofegardar daiving hé abeidltespldcethe wind Flyeten nid asygst@dimgl to
according to the present invention further conprises at |east one

recover icRg ssbam Gvkatidherkiies 2or iviot heddsol | owi ng description, the w nd
system | will be described according to two preferred enbodi nents, provided
as a non-li mr% 'r@&afﬁ%@iﬁié%_@t@@Pdfs@ﬁ@téqea;p%wgpsltd@ésdb&aﬂguhghe@be@ue to
t he nodes in ich the recovering systens 8 of the kites 2 are support ed.
Accordi ng £ @ h1 £k pUPOiMeal, e, RELSYSEAM ] Bk Lhe-RpEaety hoxaation
conpri sesat 1'east one nodul e 5 conprising a single trolTey 11 next to

whi ch both _energy convertin enerators 20 and/ar. 21 and .system co nent s
for drivi rgroRdiq tR3D ﬁr ergoﬁgﬁcgd. EW*E hr‘?pgﬁegerf&és b F?dJéOX% C&Sg%l,“??chfs
possible to note that the recovering systens_8 are constrained to the

modul esmsdeke t e ViPRd sHRAIEFPIC neS@nerat Y eRASCHHE wergFHEY of HRe Focdvéri ng
systems 8 is supported through a stretched flexible structure 12 conposed
of ti e- rodssni4stonsifr ahaetkchanarele pdetrdve seofrached Heore Ebw evinAgCesrenews’- 8
and in another end thereof to a vertical structure 13, for exanple a
trellisThei tdmenhicpbs eachraroilittbed irsicendi ppedewdived sir etid haolef Wwerchrse 24
structure 12 further connects each nodule 5 of the wind system1 with at

| east twhg PPSSI Bloeradhagent eswrasn 3 oBykiadsual |y connecting the
different nodules 5, should the dragging effect |lack on a nodule 5, such

modul e 5 wouhg, be. dp, g@ﬁ%lﬂ& the epherscaodul@sne Qoitibes Wridd sysiem kerkor

whi ch the dragging effect 1S present. This allows avoiding (or possibly

del aying). the actuatjaon of th ner.ator n : .t o0 i-ng
electri%%gvr%ﬁ ﬁ%‘%?%?ntgygplgﬁggi33%é?nghﬁﬁéﬁhgé§§é%él§% gs%??%ggﬂﬁﬁ
nore detail bel ow Accordi ng to such enbodi nent

he_recoverin

Systoms 8 EAE SUBE UGG pHEt FOF ERREPol T H LN SRl ch
through which they rest onto secondary rails 7. In such a way, the wejght
of the rheokiidng ayat@Hyes- | B GPOEDNNRLETS Sipp6r 88 a§t hePks P i@ of
tie-rods 14 but is partly discharged to the ground.

through piezoelectric systems, shape-memory polymers and/or fibres of

shape-memory metal alloys, whose distortions are actively checked. Such

system has an autonomous supply or can be supplied through cables (not

shown) that from the module 5 reach the kites 2. The controls for

actuating the spoilers are preferably sent in wireless mode by the smart

control system. By using the spoilers, it is possible to drive the kites 2

without necessarily having to employ the ropes 4. In such case, namely,

the system that takes care of manoceuvring the kites 2 is on board them and

20



An enbodi nent of the whole wind system1l with flexible structural stretched
techni ques that accurately joins elenments working in conpression with

syst ens ovoOtp@sc2dzsn ropes, di vides and dilutes forces amdTUTZNSD@PS of
each train 3 of kites 2 on the whole wind system1, introducing a WO

2008/ 120257PCT/ 1T2008/ 000089 cooperati on between the single nodules 5 and
reduci ng the need of oversi zings. The formthat the stretched flexible

structure 12. c u a_whole is th bject .efu jyul-at.i,on
analysi@,tBﬁFl?ﬂé%fiﬁggsg?é*%b%fbggamﬁgeg ?geﬁgaoC&%?%%ng&ﬁérk%%ggygngy
devel oped by following a cyljndrical, symretry, ideally.sjml to a, straw
hat or He@uH (Fnbt SEHOWN rP]'Hg/tllﬂe LYY Soed Rﬁnﬁﬁari%é%tﬂgegégs??é}%tanfihe
stretched flexible structure 12 nust support, there is the traction
conponentlafingheo Kiregsti®e madale angential direction, the one that actually
produces energy. AS previously stated, the stretched flexible structure 12
must however Dalsimgs ugparite thigepeightarofatdee oaseovéyi myopystengotd gpove-
particularly severe conponent above all when there are no secondary rails 7

and undeestdi®egtmgiesi.t uati on of the wind system1 (when the systens 8 are
not supported or enlightened by the vertical conponent of the pull of the

kites 2). Undgindhiksnsondi &y 8l dritBeasy Poem 8 twakghdn irsoftiiel gatdsy 2,
supported by the stretched flexible structure 12 whose geonetric

fi ] nrd ' it he. Fi hat; Jiak! @wast h
ol osed BaTH ar e R e B o A e S Rour ocr [ aq® foes! e

ring can follow interlace

behavioyrs with.respect to,the variqus dul es 5. e enhodi pent
of the “na%%y§?8ﬁf 5%%%r%i§8WF§St%%epE%§8ﬁ P§v8ﬁ¥?8ﬁﬁ8§n%§?§%s a? Fggst
one nodul e 5 equipped with at |east two trolleys 1} that, travel on p%%allel

rails 63pFREaY PUrtERaR £0258 Bht 1 &Rt TeitghPe. LIS ePereidd o FFG
10 to 14, it is possible to note that, according to such enbodi nent, for
each nodubeti®nt hewe gepeerd AgSEsast eneBlars the itV anh ddnEBL &0t WS CFattéPs
11. Atrolley 11 is placed

function. By increasing the number of ropes 4, it is further possible to

add driving functions as correction of the attack angle of the kite 2,
safety functions and quick spilling functions. Therefore, in case of
driving through the ropes 4 (with or without the support of spoilers),
every train 3 of kites 2 must be connected to the corresponding module 5
through a pair of ropes 4. In case of driving exclusively through
spoilers, instead, there is a single rope 4 that operates as connecting
element between the train 3 of_ kites 2 and the module 5. In sgch case,
therefore, the number of module 5 component§ that drive or store the ropes
4 is reduced, greatly simplifying the wind system 1 structure.

Herein below, reference will simply be made to the case in which, in
the wind system 1 according to the present invention, driving of the kites
2 occurs by means of a pair of ropes 4. For each component of the wind
system 1 analysed in detail below, anyway there will be pointed out

simplifications that it is possible to introduce in case of use of a
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WO 2008/ 120257PCT/ 1 T2008/ 000089 next to the end of the recovering system8
fromwhich the ropes 4 go out towards the kites 2, and is equipped with the
gener at orw02008anadser 21 t hrough which the energy conver COATHOLM0889 Anot her
trolley 11 is placed next to the other end of the recovering system8 and
is equi pped with the other conponents that take care of driving the kites 2
and storing the ropes 4. As stated also for the previous enbodi nent, the
recover| lso b i d, for exanple, with cushioned
wheel s %%%g%%{ﬁmﬁ?%ﬂd}taﬁ%ﬁ? gggﬁgﬁédglggo%dary internediate rails 7 that
contribute tf? t he, part of the ‘Efggovec#’ nrr% sgstem 8 (not _shown in the
Figures). 1t°7¥ sTBPEED pRrovIdERBotH t5BEFeys 1F1 RVERT2IFHAuITEOB 8P t he
generators 20 and/or 21 for producing electricity. Herein below, reference
Wil beldFfem Bl meiehse ivHelhi B Slogldtwewtlﬁo@(ﬂ &opes the igeadfHtionsto0
and/or 21 are placed on a single trolley 11, according to what has been
previ ousdse statddg Risti hgathens ai dlso6 prowibesh thhe thapickeyst 1petfawehg at
different heights allows slanting the recovering systens 8 with respect to
t he gr oematrgeowamdsotineratsr. allme Jiebckidnad @;iviing orsderpi@@IpkoubiE nka@ssith a
resistance to the ropes 4 when the wind system 1 operates. Also this

enbodi Nefiti tphOY] HRSehBlala it 8t LG keXi DiRtst bHCtRY @ub2 rhgeLOnNNeLt €ach
nodule 5 of the wind system1l with at |east the two adjacent nodul es 5. By
mut ual | y,£ ' i t e h h r.aggi ffect-

| ack onMét %gﬁ%nggaissgaﬁ%%ﬁ ?St%&%uo? ggé%sr 3935% &f f.% Réej Vgltg%e?gerr@élgl gg 5
of the w - temd far i.ch the aggi n ffect is esent.. I n
bot h ab%ld\l/ég%&gégrlf’be eé:r%bg |nrgsntasglgﬁ!étl%gcége§?lﬁg tsti}gt%%ts (#tff%eed IﬂetrgénZ is
integrated by a,systemfar, recoverin nd expel lin not. shown in _the

i gus el Has I SieSrE opds G Eihiet: SHOED YIS CPATH $hor Shyd the
2008/ 120257PCT/ 1 T2008/ 000089 kites 2 crosses the recovering system 8 and
goes oneEd PERENPEst RIS steiraqui hpedrafsiRlatta enseklonaewyrd ahefees 4
absorbing the force peaks (not shown in the Figures) of the ropes 4 and
with atwitdast ertisgsersndyor Dprovg diveh fmidk idemcémint dskown time tdfgeBt gof es)
to the ropes 4, which drives the ropes 4 towards a w ndi ng and unw ndi ng
system 22 canpr ssdgrgdipt tleast isnéopardr ahef eusk Wwhoasn2dy tef dheveitder
train 3 of kites 2, and a storing system 23 of the ropes 4 conposed of at

| east openhpadubs@intWiaNChess2%f Easttral NChn2%abrt R Prevbiy syst endsL3o# S
equi pped with a driving nodule 26 that conpels the rope 4 to be orderly

wound Op5R bt S {tESREChHEYE, W Dc%_hﬁgév'de the gb@‘esf 9PRS A Qér%oé,ggrﬁin% ggvice% of

connecting and force-transmtting el ement between kites 2 ul'es

the win 1, in of kites. 2 is |ifted by the win a

dr aggi n%‘%%? %ag@epgn%%gcglﬁ gt éf’ow[ ﬁ%? l{c‘f eszg‘f) %%lr}ghgﬁ?m < ge%/?eélﬁsP%?e? g‘ﬁy’\grh%,
consequent |y, the conversion of w nd ener iinto electric energy through

t he genléﬁ'aék%‘?s %6 A %‘71619321h61§5‘6i oS y COFETGH aFtFt@rametss 689¢EEh #fbe 4
depend on wind conditions and safety in which one has to operate. The
wi nd syRHAERF AL VEC Ed Eth Gorel tipe - plesidiet ving exidPehid witeher tdenpidsesigatof east
one rail 6 on which the nodules 5 translate dragged by kites 2. As

previ ous| yity aledvecties netitdds &dgf ahd howbss yisttém the apositans! dtrecomy many
rails 6 and 7, in order to distribute the weight of the recovering systens
8 of thskirtresit2. in the three-dimensional space and an actuating and

stabilising system of the sideslip manceuvre (not shown in the Figures).
Said actuating and stabilising system is, for example, characterised by
directional sponsons and spoilers controlled by the smart control system.

Under regular flight conditions, the directional sponsons are
transverse to the thrust direction and are flexed disappearing in order

not to modify the kite 2 efficiency. When wing sideslip, the directional
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The rails 6 and 7 preferably describe a closed path. The sinplex path is
circular, but it is suitable to choose the path in order to optimse the
expl oi t atworrogsi12ods¢ wi nd energy. For exanpl e, supposi ngPCo/ITEa$/H®es%x he wi nd
system1l in an area in which wind Wmainly blows along WO

2008/ 120257PCT/ 1 T2008/ 000089 one direction, it is convenient to nake the
nodul es 5 of the wind system 1l describe an elliptical path, with its nmajor

axi s perpendi cular to_the directiaqgn. al ich w nd WS.. h Lce
i s dict Sg%ragoﬁﬁ g raEtnart e, ki ro8 \oﬁOY hé%n%dﬁ%%‘%% of" ts‘ﬁ‘(eé vﬁci??glc
system 1 by the kites 2 occurs b% expl oi tiqr%g the force lift cagngonen%rlt hat
i s genePaFedifRen i & IPAH Gt ERPSREeENFIFECkT t DT 48 BRI SP&ciF Fed
bel ow. If the rails 6 and 7 describe a closed path, the nodul es 5 of
t he wi ngerssREhon ofr sheubjtecedhdro 14 tenfPrPRRAlY Raet ain f£Be celrqueidasithe
notion of the nodules 5 and to the radial conponent of the pull of the
trai n 3pa$sikieles iRprovirgr dere t nacmuNtrer stebSUdlY - f ok céurtherc astadpeleshieni ent
to suitably slant the rails 6 of the wind system!| (not shown , in the

Fi gur eshrr&lenehng ief ddeveayl dbteamedewedsi ke degodter ssposiared (yready
deconposing the forces that operate on the wheels 16 of the nodul es 5.
Qovi oushyeyidist Pemhibrenst eMidadigd f188e® bRANGEEHR r@Ba BNYadtabt&d 6opnd 7,

such rails 6 and 7 nust be parall él and concentric. Preferably, the
rails 6 frage { 0 gt R &dreRby ) | gy JreaRs of
pillar s.l&%lsc kté%%i Hgg% hcgu%%gg)(’egb%r{gltr’%&g[}?lt’ea%?guhei ght, there is nlo ri sk of

sliding_the kites 2 on the ground if_ the kites,2 accidentall ipitate.
The stréifﬁ?tegrifWoF??%ogrsf he" r%%% ' SREFIRGSE ea\%éeat o] ]‘Y%gsrPﬁﬁg‘%‘%t'n
order to ensure a high stability and satisfy the _geqnetr] ?ccuracg
requi renent FERUPFEE1YIt FEG rPiabey S0P GIYSERB Wind &y PRSP man
previously stated, if the wind system 1 has many rails 6 and 7, it is
conveni ehtowso plmsediathe heiidhs 6carregridnsy sptudidioght sOf ntoedefiteo kedphhe
recovering systens 8 slanted with respect to the ground, towards
descending and, once having reached the required height or elongation of

re

the ropes 4, restoring the 1ift by returning to a differential length of
the ropes 4 compatible with the normal flight.

In the wind system 1 according to the present invention, the
application of the actuating and stabilising system of the sideslip
manoeuvre mainly consists in the quick and controlled disengagement of an
area in the aerial space.

The wind system 1 according to the present invention further
comprises at least one recovering system 8 for the kites 2: in the
following description, the wind system 1 will be described according to
two preferred - embodiments, provided as a non-limiting example: such
embodiments are mostly distinguished due to the modes in which the
recovering sysﬁems 8 of the kites 2 are supported.

According to a first embodiment, the wind system 1 of the present

invention comprises at least one module 5 comprising a single trolley 11
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WD 2008/ 120257PCT/ 1 T2008/ 000089 the trains 3 of kites 2. This reduces the
resi stance opposed to the ropes 4 by the recovering systens 8 when the w nd
syst em 1 wpeees257 The rails 6 and 7 with which tReTdarzods/80088%em 1 i s
equi pped can be divided into two categories. It is possible to |ocate main
rails 6 and secondary rails 7. The main rails 6 are the rails on which the
trolleys 11 of the nodules 5 of the wind system 1 translate. The secondary
rails 7 are the guides.on which the cushioned wheel,s 17.fransl

contri bifE '@ %hgﬁgr}?oﬁkheer\%%h?o%ﬁerfh%g (BESVEF Ry 2sﬁyg %}rrosr %ﬁos E?h%%%e{nes

2. The rails 6 and 7 of the wind system 1 of the_present inpvention
can be EPERIIEETHrIIGERETING, tARJENEF My 38R PHESFactthaet ﬁr‘FélCﬁD%IFgé' 5n§ 5P the
wi nd system 1 exclusively travel by neans of wheels 16, 17 or through
magnet i @, | Bvilsapdsrble ntparte ciledr the eeeAdRIY Ir aY S %r@%?@?@r@@l‘?ﬂ &P the
classic type while main rails 6 can al so be nmagnetic. Classic main
rai | s 6thaveosieh & siiapbet hatd thepgethedbnese"ta han |awer Tpar wepfhtt [pd the
trolleys 11 that travel thereon. As will be better described bel ow, the
trol | eyseddveaafing heysredsl 8sid afppbhesdnitihdosytstemsttetdtadd tilavadleontcha@ssic
rails 6 are equi pped with three groups of wheels 16. By focusing the
attentign Bs8h N 81 80HHse1 b, cRAsIFLHRA0In heehs tHerBystrcs URP Aickolditing
majority of the weight of the nodule 5 along the vertical direction; the

ot her t <ELAURS a%f@& %eealn%tﬂi% Eglgcﬁr#%%ft g?paewsgiéane Jrodutged 3, 0rfor

overturnrng due to the centri orce effect. assic mainrails 6 are
realised in order to allow.the eel s, 16 to rall. on twy rizan es
: a0

(a | oneF*gTRife aarfr(feg%l%pﬁ %Wﬁ#@j Ei) gﬁdlélev(e)éft]iscaﬁquﬁp%%ée). %r tsgg%tﬁé

pur pose, the section of the rails 6 assunes, for xagpl e, . the appear ance of

two facifagxitds" shasaturs 14 Susbhravenparts eash ejp ofphe wind System

2008/ 120257PCT/ 172008/ 000089 particular in FIG 12. Such configuration

i nst ead wiish st leetteswar \wasexbly ¢di neertedoddkasy S BBy guuakly Rayiegténg the

exclusively of the classic type, whose function consists only in

cont ri butiEfegrene soppest 5t hehauddovies i gogysy exfge8t ofadkhenkéd trewiuze Thesuch

cushi oned wheels 17 in fact roll on a single plane and the rails 7 appear

as conukb@mOusi gdesid be dragged by the other modules 5 of the wind system 1 for
which the dragging effect is present. This allows avoiding (or possibly
delaying) the actuation of the generators 20 and/or 21 used for producing
electricity as motors, to allow advancing the module 5 and described in
more detail below.

According to such embodiment, the recovering systems 8 can also be
equipped, for example, with cushioned wheels 17 through which they rest
onto secondary rails 7. In such a way, the weight of the recovering
systems 8 is not completely supported by the system of tie-rods 14 but is
partly discharged to the ground.

An embodiment of the whole wind system 1 with flexible structural
stretched techniques that accurately joins elements working in compression

with systems of traction ropes, divides and dilutes forces and transients

of each train 3 of kites 2 on the whole wind system 1, introducing a
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As an alternative to the double-"C' configuration, it is also possible to
make classic main rails 6 that have, for exanple, a rectangul ar section,
for exanpWe,20eid035fist ead arrange the groups of wheel s 1BCHATHN0Q0PY | eys 11
of the nmodules 5 of the wind system 1l in such a way as to enbrace the rail
6 (not shown in the Figures). Anot her alternative enbodinment finally
consists in performng a high-l1ow sense reversal of the rail 6 wth respect

to the wheels 16 apely have the wheel s .integral Wt e gr.oun d _the
rail dr SgYEEhyOt h@eg‘i??%k g}}ei ﬁlg(?]c?erm?%ul%u?g SHdtﬁeeB?léQnegd %lgertqg%ﬁ] o
alternators keyed on the wheels (not shown in the Figures). The advantage
of f er ed°B§¥FB@ehdenbodi nent resides in the sinple electric connection

wi t hout needing manifold or sliding contacts. In case of use of

cl assi ¢ mai nTheai fogme thas bea tdredelrs iBediblE GwruehHEeddr §fncomdIesPénacan
occur, for exanple, through generators 20 directly actuated by the rotation
of the whel 9s16he Hougeet , of m casefof sdehlatgiop ehahisgh, powertdebyyeschre
nodule 5, the classic rails 6 could not be suitable for allow ng the

act uat i epn@fsetih@sgenet aéf so20tbyariplat i Bectiesweebsodk@l Thefodrgiegte be
transmtted to generators 20 could in fact be too high to be generated by
simply eypl Rt En0 dhRetf) | IiRGally Widlabalovgest Fal Iha€ 8pda Whgel(od Gshoand
the rolling resistance could be such as to inply WO

2008/ 129§5t7FéC-EE{LJr1|J %28/ 000089 sliding of the wheels 16 on the rail 6. In
such caSe, rhaw g anyway to generate current without recurring to linear
notors used reversibly, to avoj.d, dissipations a al.l.-aw ¢o rti

mechani cal e8Py it o EFEEET i ' 8né ﬁy,sgf?tﬁhgdpggg)lubkflee t° rg¥§%ted2&t fst
classic rail 6 with at | east one rack 15 on which at Ieazst, one .t oot hed
wheel 18UPRSiTies tBRRE dis &€ FraitiGat EXRPNGBhePhtidle 1tehs? bt tFer-2ReSE Phed
bel ow, in such case, the wheels 16 of the trolleys 11 mainly performa
suppor t Bhgedtinot | Ore Tive thatk agsidld ypbaediresnchdrdic| dssPeeYriusls Fatélder
to have its toothed surface perpendicular to the surface of the rail 6 and
ori ent edh¢ oyaedshédef leanbie sifrutherec|l@smdstpatdwedes crlisoedubgonthéhe aveighg.
The toot hed wheel 18 that neshes with and rotates on the rack 15 is

hori zonbal ke pracrdrang, syhtemt 08} hi Speailcugariat i eRveroppageschhealsent ralfiugal
force. The centrifugal force to which each nodule 5 is subjected is then

expl oi t ed.( angd -at sthe,SanL.hidg, ot Last 8l) th@efUalarteg diweedonnw naieng
of the toothed wheel 18 on the rack 15. Shoul d the magnetic levitation

be used,; [ e IBLY 3180l S SAPREG IR ClLELhIORINGES i GARKCfTRde | N

order to~all'ow magnetic suspension and/or energy conversion rough I'i near
Dol ow REVT 6 BHEGHEL 16 TEVPL Gt iTneet dghBet 1 RBLCELrreneTy e o
PSSR v A PRS- AV 1 i S S S
obt ai ned" By Sy g y sipp Yy
structure 12 whose geometric configuration comprises a ring (not shown in
the Figures) that follows the closed path of the wind system 1. Such ring
can follow interlaced behaviours with respect to the various modules 5.

A second embodiment of the wind system 1 according to the present
invention comprises at least one module 5 equipped with at least two
trolleys 11 that travel on parallel rails 6 placed, for example, at
different heights. With reference to FIG. 10 to 14, it is possible to note

that, according to: such embodiment, for each module 5 the recovering

system 8 is constrained to the two trolleys 1l1. A trolley 11 is placed
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conventional el ectromagnets (possibly cooled at their super-conduction
point) placed at the end of a pair of structures of the trolley 11 that are
wound ontwothes/rizéés and | ower part of the rail 6. The maGATLS8/600689
attracted towards he rail 6 and in such a way they support the trolley 11;
WO 2008/ 120257PCT/ 1 T2008/ 000089 - el ectro-dynam ¢ suspension: levitation is
obt ai ned by using el ectronmagnets cool ed at their super-conduction point

pl aced gon_troll 11 Xt to t i I Al , r

P gt PERbt i hgl Lo W CECE R BYanet s FPBl B Snerar el hy T & &t

sem conductor wi ndings placed on the trolley 11 induces currents e t he
ef f ect 6Pw@%ﬂscﬁh8pﬁégﬁ eé'rra?j'ﬁjetlisc PR r"é%@r é&?ege?leég?ttoﬁ’) Z(gc n(?@i)lrf ng
the "eight". Magnetic poles at a higher |evel attract the naqpetic field of
the senithomdlicBieh dihet §BE¥FbIdoBYEUSEONNREASES -c ARBHE Aol bhier Ll é%ePLlacefel
them Such conbination of attraction and repulsion allows the trolley 11 to
| evi t at eext ®uspensiten emt oufghhperararentnansysedrs:8 By isaevBicdes gbinithed by
pl aci ng pernmanent nagnets on the trolley 11 and unsupplied el ectronagnets
on the pahér Gcomdbpentshehhtokbley dsel pfndtivimg tthe peremrierndmegoetsy ithduce
inrail 6 electromagnets currents that generate a repelling nmagnetic field

With respged 10 hhe LAcPr adsicebbytREr PBREus TRFBEE SrenBlIC theepebsianingakes
the trolley 11 levitate. In the wind system 1 according to the

present (i QVent ion, i N16ASE. 0L SRl FBINELA G 1LEViL 8l i Ofshibheq usesbls 17
technology 1s preferably the one that provides for the magneti c suspensi on

Lhrough pel IBNERLABANC! ol ndl, Ca0.08, JuHIRG ot BE: [d W ARNeLat b RY

superco nol € confl guratton magnet s and el ect romagnet s

on the rail 6 and on the trolleys, 11 of the dul es 5, .angd, t rinciple

t hr ough thieh SHREAEE I 1E8§i f%&%%ﬁlﬁ‘% EtET n%g&o:}!vi PTo'Be l&egE‘? &gl rc.es'r‘z 'dgttai |
bel ow, together with the npbdes with _which energy conversion, and therefore
current igrperibilento ipFopidaioest. trolleys llawiharp medpde t20fstat SENBEY RS
even in case of use of magnetic levitation, it is advisable to provide the
trol | ey20landfort B8 odupesiBiog ¢letwindtsyseeein, badiowh whersescd 6vilHatoe
contribute to keep the air gap between the nagnets of the nodules 5 and the
rails 6madbe-ovirel &skbintdrathar®rexednsimsahle s ethd aenkespinsg2® kedddr 2dap,
are, for exanple, simlar to the three groups of wheels 16 of the trolleys

11 that frayel-anos! &ssing188tbinayl $1,6,ac8888ir@Ned PhayirRUsb¥en Igreoases19f
use of magnetic levitation, the main rail 6 can therefore be a conbination

bet ween S%FF@&.O‘ﬁaQB%g”tih ?E'afl'sa_%%§x fiddn bt brdaubl e i Gragenfdgunakbmeor
with an™alternative ctonfiguration) and a nmagnetic'rail.
heights allows slanting the recovering systems 8 with respect to the
ground towards the train 3 of kites 2, in order to provide less resistance
to the ropes 4 when the wind system 1 operates. Also this embodiment
provides for a stretched flexible structure 12 to connect each module 5 of
the wind system 1 with at least the two adjacent modules 5. By mutually
connecting the different modules 5, should the dragging effect lack on a
module 5, such module 5 would be dragged by the other modules 5 of the
wind system 1 for which the dragging effect is present.
In both above-described embodiments, the recovering system 8 of the

kites 2 is integrated by a system for recovering and expelling (not shown

in the Figures) them. The pair of ropes 4 connected to the train 3 of
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Every nodule 5 of the wind system1 is therefore equi pped with at |east one
trolley 11 through which the nodule 5 translates on at |east one rail 6. In
particul awp 2e¢s/@b2seady stated previously, the nodul es 5SPcanTives/ewuspped
with a single trolley 11 on which both generators 20 and/or 21 and
conmponents for driving the kites 2 and storing the ropes 4, are placed. A
second enbodi nent consists in providing each nodule 5 with two trolleys 11:

Conver sROR-ard BRE Bt HAE Ptisp Ehi Y%hpso%%?ﬁﬁt‘% B R G

convers t “8° | 'owe 25 are pl aced,

on which ropes 4 are wound. h t 1
travel SAUEPRES|Yi®ark LiastePYHISY SFWB forl f % n%f\?% 016(1?6 greg %séo ?;?JP 6,

the trolley 11 translates on the rail 6 by means of snmooth wheels 16 and
17; inleaSe &igwess)off ndfhé&epes r4a|a|nd6w1&fhétt%%S»Iteynﬁl%ﬁﬁﬂs#% BEOBHIHe
ra|I 6 by neans of permanent magnets and/or el ectromagnets, exploiting the
WO 2008/£126257PCKt $RG08/100008 F igageet ite thairtaes dn Bhl@tﬂ%ﬁé651jw IoeF a
trolley 11 translates on a rail 6 by neans of wheels 16, such wheels 16 are
i nt er f agedotzrdshe wanAngi agl pantinaing kestedulZe cbmpfising i nkasysorenpBirf or
exanpl e through springs coupled in parallel with danpeners. The nodule 5 is
t heref ope shack+1absQr bedio drive the train 3 of kites 2, and a storing system

23 of the ropes 4 composed of at least one pair of winches 25. Each winch

25 of the storing systems 23 is equipped with a driving module 26 that

compels the rope 4 to be orderly wound onto its respective winch 25.

The ropes 4 are then the connecting and force-transmitting element
petween kites 2 and modules 5 of the wind system 1. When a train 3 of
kites 2 is lifted by the wind W, a dragging effect is generated, that
creates the module 5 translation and, consequently, the conversion of wind
energy into electric energy through the generators 20 and/or 21.
Obviously, length and diameter of each rope 4 depend on wind conditions
and safety in which one has to operate.

The wind system 1 according to the present invention further
comprises at least one rail 6 on which the modules 5 translate dragged by
kites 2. As previously stated, the modules 5 of the wind system 1 can
translate on many rails 6 and 7, in order to distribute the weight of the
recovering systems 8 of the kites 2.

The rails 6 and 7 preferably describe a closed path. The simplex
path is circular, but it is suitable to choose the path in order to

optimise the exploitation of the wind energy. For example, supposing to

realise the wind system 1 in an area in which wind W mainly blows along
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As already previously states, it is possible to divide the wheels 16 with
which the trolley 11 is equi pped, with a nodule 5 into three groups. The
wheel s l6wbebesngnasg to different groups are mutual |y pl acedTmes/p@ngh cul ar,
with a "T"-shaped configuration. In particular, supposing that the rails 6
| ay on a horizontal plane, there are: wheels 16 rolling on a horizontal
plane, that support the mejority of the trolley 11 meight wheel s 16

|l X
ol | oy oH PeeEtisrbet bt RREET S ted QPR g o%%@%l e eh dr BRIl

orl zonta ane
prevent the trolley 11 fron1overturn|ng to the presence of hi s
systenléﬁsﬁﬁé@l§n1@llép¥¥ﬁﬂlé?tﬁd Ttk el WﬁjPﬁeaﬁéﬁ 8?“%%@1? i & thd

preventing any change of derailing. Such result is obtain by conferring a
sui t abl disdripent elare whiiaksiind & Plews.| Pushr eheificars 8sCHEd BustiP sftaéged
it is possible to nake the rail 6 so that is assunes a doubl e-C'C section,
so that thie trai ltréct Bnbreces? hddnlleowdr opatite ofinfheystan |leypylthe kites 2
Alternatively, it is possible to use a conmon rail, for exanple with a

rect angukafirss @5t EaploidAdg atiargecs hﬁﬂmeahﬁorfbﬁtotjhiﬂ]ast wehémtetlwisen tthat
the sane wheels 16 enbrace the rail 6 (not shown in the Figures). WO

2008/ 120257RCTELF2098L00008Y: e 2, baidependeebyc faomsLhe, adopt od

enbodi nment , e single wheel's 16 are not directly constrained to the

flatbed of “_ﬂfl LoaY1d B RILLoIned IGLielays LR ibdEs asihal ned

to the above uch so a opted In railway transports,

confer re stability
g?nd system 1 aééosﬁggegéé& to a centrifugal radial force due to the

motion of the modules 5 and to the radial component of the pull of the
train 3 of kites 2. In order to counteract such force, it can be
convenient to suitably slant the rails 6 of the wind system 1 (not shown
in the Figures). Slanting of the rail 6 can be easily deduced and sized by
decomposing the forces that operate on the wheels 16 of the modules 5.
Cbviously, if the wind system 1 modules 5 translate on many rails 6 and 7,
such rails 6 and 7 must be parallel and concentric.

Preferably, the rails 6 and 7 are not placed on the ground, but are
kept lifted by means of pillars. By keeping the mcdules 5 at a suitable
height, there is no risk of sliding the kites 2 on the ground if the kites
2 accidentally precipitate. The structures supporting the rails 6 and 7
must have a big inertia, in order to ensure a high stability and satisfy
the geometric accuracy requirement required by the trolleys 11 of the wind
system 1.

As previously stated, if the wind system 1 has many rails 6 and 7,
it is convenient to place the rails 6 at different heights in order to

keep the recovering systems 8 slanted with respect to the ground, towards
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In case of use of magnetic rail 6, the air gap between magnets of the
nodul e 5 and el ectromagnets of the rail 6 is extrenely reduced and there is
a high risR20084120258dul e 5 and rail 6 cone in contact. TRCIITHOHNWOsoOth to
the high mass of the nobdules 5 of the wind system 1l of the present
invention, and to the type and amount of stresses to which such nodules 5
are subjected. To guarantee keeping the air gap, it is advisable to provide
the magnetic l.evitation,_t I | it siyel.y
per f or m 3% sUFEF t foufln%tllt%énojdf %ﬁsé]xr]?ggﬁ?% tﬁe \?\net o%%lé%o (?EI)I‘Q%? ntg?(i@r%él ks
generating el ectric energy. Suc eel s 16, can or .exanpl.e, be identi cal
ot hosd r CHORFT A RS SVFESTS P bPanars: BUbAVa el deSPEAErr 6. A
previously stated, in case of use of magnetic levitation, the rail 6 (])On

whi ch t he modbe es2ig st pansd at wlt@awh%%rtg’!eolwén‘%esﬁt@&r%i hat $BHPBeT viédh Of
classic rail and a magnetic rail. In addition to keeping the air gap,
t he use dofidagppotti hyp wesehsrids.cdit dsywagsbeendcedsarte imaivasellst wus@dof a
suspensi on.for permanent nagnets as nagnetic suspension technol ogy. By
adopt i ngetbidnrt/eedinel 0gyrhet hein epelsi hgreagretradl$ iel dhodultte trdlaeys B8
generated only under notion conditions and therefore, under such

hypot hegjrsynd aubtAld gnoidhd AMhdIRYBYENG IBshH1etE. WY detsidake padsi blaxe The
presence of the supporting wheels 16 ensures that, even when there is no

| evi tatiqn, ! d sai ROLLGONE 17N EON1AGE . af@Neinki-onscd @k a
possi bl O B e b g oy e ¥ 2

w thout a magnetic suspension are f r ) recovering
syst ems 5§p%?% fe’h% wce&ﬁggn%ﬁttgeo]fectoﬁfg%%%&gg gf o RS sﬁét em 1 used for
recovering the kites 2 at rest. The wind system1 is equi pped with one
recovering sy&eeriast BrashhOmodifi &89 & Fe o?f%rt%)ﬁgp%ffggnmvsen ref eraply
made as at |east one cylindrical pipe ained to house therein_a whole train
3 of ki toescRassigr or hiadnesasonderaneing cv éren§asy steis the di¥Udfdng thefost
encunbrant and heavi er conponents of the wind system 1. The recovering
syst ens wdndosystehe ldesihuedely orderl thy greavit afi sheglsy Ioeadt, oW ERTQUS r
own wei ght, against the vertical traction conponent of the kites 2. Though
the ver triagadtipulibveamenentn opattieukit ese2ogtiags miden?rdbatpedetaoly of
supporting the weight of the recovering systens 8, it is advisable to

desi gn the mdukescpeofnihemtind8Ystemah hlsdderadrietpeevent that the
wei ght of the recovering systens 8 nmakes the nodules 5 overturn. This is

made “ecessa"ché‘éjtscorggm tﬁé%aéts’tha%g%u S YeIdd ¢abe Rkl comnapentcnafl 1&he

kites 2 is presen he wi nd system 1 operates. Wen the w nd
system 1 i

' , whol i.gh foth ' 8
rests Oﬁ)atrﬁ egii[' é{hgztt%oilnei/tse?gl %ﬁahce tra\gefle &L rE s, %J? 1 rbeec%\é?%%/fq%f*%%?ﬂ?é@

case use of a single trol or each
nodul e 5, the recovering system8 is constrained to the roILe%gil next. to
the end Feiewm ibiec RreHEYPopes et BrApESceed n"g‘et Sa? dTHE ki Sravs
avoi d that the recoveri ng system 8 makes the nodule 5 overturn, the weiyght
f

of such aystless8 i sailferef ore sopidrededithr GiigHE t HEORT et heEFPexi®l &
structure 12 and possibly the cushi oned wheels 17 connected to the
recover iflogusitst eme8at battibnavel aoaisBeonddnie rai las group fof Heegpaul essstof
the wind system 1 are equipped with two trolleys

support the majority of the weight of the module 5 along the vertical

direction; the other two groups of wheels 16 contribute to prevent the
module 5 from overturning due to the centrifugal force effect. Classic
main rails 6 are realised in order to allow the wheels 16 to roll on two
horizontal planes (a lower plane and an upper plane) and on a vertical
plane. For such purpose, the section of the rails 6 assumes, for example,

the appearance of two facing “Cs” next to its concave part, as shown in
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WD 2008/ 120257PCT/ 1 T2008/ 000089 11 for each nodule 5, the recovering system
8 is constrained to such trolleys 11 next to the end. The nbst i nternal

rail 6 iswoheese2025¢ pl aced at a | ower hei ght so that thecTatmvgniongy system
8 is suitably slanted, to mnimse the resistance opposed to the ropes 4
when the wind system 1 operates. In particular, the recovering systens 8
are slanted with respect to the horizontal plane upwards (as shown in

particular, in.FIG n 1).. .Suc ! i l.i.s i use
o & o Rarevrer iy T8 T Bagh it EobiOf aroLbaT ey HeRle AR %
decreasi ng heights the_secondary rails 7_on which_the cyshioned wheels 17
suppor t ithg ?%%m@%ﬁbvg?ﬂﬁggsygﬂgﬁVSa{?é?%ﬂ?s”%ﬁy O?hﬂébéﬂééﬁ%i&yP?oﬁﬁFﬁs use
of one or two trolleys 11 for each nodule 5, the end part 10 of the

r ecover fHRCSPSt emSigtp sonlealn sedtr o grider te FUBRCEDIHEet BPHYEEHRe Y 5oth in
the horizontal plane and in the vertical plane. This allows facilitating

t he recoYerhe anteexpelhé mysbperat wbeslsofl 7t e fhict el2 andd papglaldlyne and
absorbing the force transients. In particular, by increasing the slanting
of the end pants 1QGppkat hes eareguigesystens 8 with respect to the

hori zontal plane during the expelling operation of the kites 2, it is

possible to pkage thecwpperveeng, ofnd heosyst-eoB 8oatiqubeieht thatisgraably
nodi fies, by elongating it, the necessary tine for the kites 2 to settle

when Tl ¥boguobhe & hege 2 SLALLL NG.LROMAA) hi ghetndiel ghte, Dybkne:bhgIK tas 2

recovering operations, the end part 10 of the recovering system8 is

i dtoth i_ni. t_ of th t ' i | et
occout | RG SR BRaT Ll B, oF SR L A 1115 oP TS o APeedd of 41°
[ t 8 tob iented |j bt ai_ned, f. le,.b Ki t
| cast oné & (PEUFEREAYSWD F008I IEFEIEN PF2608 00086 01 f 5 HERt™ (Y he

upper end of the system 8 and driving the end part 10 over the articul ated
joi nt 9ashtoeghracs Foeermidf ot hrdle shePesn3theddA Edhst rai ned to at | east one
hydraulic cylinder 32 hinged to the recovering system8 next to the

articul at ed pobtiter9.alHessativedr enddadément | Aderldy3Zoasestact bat earbymang a
hydraul ic systemdriven by the smart control system As alternative to the
hydr aul inggieyldwndense 32eidrdas passhbl eald 6Gseith nesspeekecdr ahechbedlsalls,

nodul es (not shown in the Figures).

namely have the wheels integral with the ground and the rail dragged by
the kites 2, in order to house on the fixed part all alternators keyed on
the wheels (not shown in the Figures). The advantage offered by such
embodiment resides in the simple electric connection without needing
manifold or sliding contacts.

In case of use of classic main rails 6, as better described below,
the energy conversion can occur, for example, through generators 20
directly actuated by the rotation of the wheels 16. However, in case of
delivery of high powers by each module 5, the classic rails 6 could not be
suitable for allowing the actuation of the generators 20 by rotating the
wheels 16. The torque to be transmitted to generators 20 could in fact be

too high to be generated by simply exploiting the rolling friction between

rail 6 and wheels 16, and the rolling resistance could be such as to imply
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If the nmodules 5 of the wind system 1 are equi pped with two trolleys 11 for
each nodule 5, the trolley 11 next to the outlet edge of the recovering
system 8 WO 20@320253i ned to the part that is not able toPo@I1oriognicesd of the
system 8, upstream of the articulated joint 9. If the wind system 1
according to the present invention is equipped wwth a single trolley 11 for
each nodule 5, a possible enbodi nent of the wind system1 (not shown in the

Figures) provides that it is_not necessarily_only the en r e
recover isﬁgdjé%tozrrﬁhg VirEse jﬁl 8nt§"‘eoera6?i (Ight 4. e SAPY g?ﬁovgpédéﬁ%g%&t ttg
that allows orienting can be placed in any point of the recoveri sy%ten18
or in tHENSIAIEe FRBTYN giinowakistyTEHY Mitol NSt BRCESalP e tlﬁ?vﬁésﬁyen

Al'so in this enbodi ment, the end part 10 of the recovering systens 8 can be
dri ven, afrord eXissppetidrisr eaghahlay starewiing mepeanisad BPEFAUIiNECCcHEFFHdeFrs.

If it is the whole recovering system8 to be able to be oriented, the
manoeuveaet@)) decus pbseiige thepstvietchee ¢lassibl east ractithealt2ledrdt one
supports it. In order to facilitate passing the train 3 of kites 2

during their 15ecavemycandt! avash, ohberositeat wdge aB teeheeceanér dihgesyyt ens
8 is preferably donme-shaped and, next to such outlet edge, the end part 10

of WO %99§£1:’|e%0%57<ﬁgy:$£@10%/ 00Q082rthe HELCQVBEH NG 1SYSt eRB sBchasasd) the

i ncreasi ng section proceeding towards the outl et edge. The function

T e e

8 is acl e to operator mng p mal nt'enances.

The shape of _the recovering stens .8 can,be nerely cylindrica if

eval uat i'8f§ abott 8%¥5ﬁyﬁ5nﬁggr8ﬁﬁfﬁgnrFé%igtéﬂcgr%%%'% pﬁ%?uﬁg ?§%?§¥%nce
shoul d suggest a different approach, the recovering systens, 8 could be nade
with a tusfages psrpaediaidal net SRowHIfare IE ENGuFRS) SWiBFe ORtTEEE BRI and

contai nment of kites 2 are obtained through a network for padding the
trellis thal tentr@hef nihe mlosed ebth sdesesibash bivsthe izandal @r ThRebpthgiaree!
adequat e space for preserving the kites 2 and passing the ropes 4. The
parti culigr tient apgheminth aind betgraddonghreetaok K Savoitds ipossiiBly eplaard aigl, when
sliding the train 3 of kites 2 during expul sion and recovery steps.
due to this configuration, opposes the centrifugal force. The centrifugal
force to which each module 5 is subjected is then exploited (and at the -
same time contrasted) to guarantee a good unwinding of the toothed wheel
18 on the rack 15.

Should the magnetic levitation be used, the main rails © are
equipped with electromagnets and are made in order to allow magnetic
suspension and/or energy conversion through linear motors reversibly used
for generating electricity, as better described below. As regards magnetic
levitation, remember that currently three technologies can be adopted:

- electromagnetic  suspension: levitation is obtained by using
conventional electromagnets (possibly cooled at their super-conduction
point) placed at the end of a pair of structures of the trolley 11 that

are wound onto the sides and lower part of the rail 6. The magnets are

attracted towards he rail 6 and in such a way they support the trolley 11;
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I nsi de each system 8, a systemis placed by neans of which expul sion and
recovery of kites 2 occur, together with acconpanying the ropes 4.

The syst ewp2o0dsor2025¢coveri ng and expelling the kites 2 i 2Cuicmoporvesnt of the
nmodule 5 of the wind system 1l placed inside the recovering system 8 and

t hrough which recovery and | aunch of the kites 2 occur, respectively when
the wind system1l is stopped and started. The wi nd system 1 according

to the present inventjon can be .equi pped,, f.or ex |l e i t he sane..
recovery & C%?ﬁﬁb@@%ﬁzsy§P%%%“ﬁf h aﬁfg%u?ﬁgnmjﬁgpsygﬁ%ﬁg%?th%gLngﬁgﬁa
rotating_shaft is equipped, disclosed in previously-nentioned Ita

pat ent . &pPFireREPRHT SN .co¢8%mo@ml Supgr- %@Plé@%? B&PF 28’68#@3@§9
whi ch reference can be made for a nore detail explanation.

Synt het il¢al Ngxt ebehtbe sheésewpbbovefythndrekbubsi Shesy stehs Fionéquiinped
with a trolley that translates on two rails that conpel it to translate

i nsi de whedicgsr és pandihnghe ecayetingf 53ist gandradrd by grarigbhd@dctwirt Windi@gaxi s
of such system 8. A pair of system of output pulleys 35 of the ropes 4 are
assenbl eda@y tdie dHe0ldreYley N1Tasdeksusaerodnta siuagke rapeedfas of which

i nterconnecti on nenber between the nodule 5 of the wind system 1 and the

train 3.gf KitkesagnetiRerp1bs arsi pplfcsysbem of sutrpualpuldreyse 35ednithe
rope 4 assenbled on said trolley. Upon recovering the train 3 of

|
ar e ar r BROBT o EOEl P31 T ThTRe S0eh of TThe 1 EhovarT e Cyctame (t i ugh
tsnghpgly %,Frgj];ﬁc%l?jgggor% a(') /t%lé ttq'%lf&(/) i {f,r Sr?\aginre]tgcr dgcgletso aftacliokvieE aligvglnt féf)eiln
them. Such combination of attraction and repulsion allows the trolley 11
to levitate;
- suspension through permanent magnets: levitation is obtained by placing
permanent magneﬁs on the trolley 11 and unsupplied electromagnets on the
rail 6. When the trolley is in motion, the permanent magnets induce in
rail 6 electromagnets currents that generate a repelling magnetic field
with respect to the one produced by permanent magnets. Such repulsion
makes the trolley 11 levitate.

In the wind system 1 according to the present invention, in case of
use of magnetic levitation, the used technology is preferably the one that
provides for the magnetic suspension through permanent magnets that can be
summed with the flow generated by superconductor solenoids. The
configuration of magnets and electromagnets on the rail 6 and on the
trolleys 11 of the modules 5, and the principle through which q@gnetic
levitation is obtained, will be described in detail below, together with

the modes with which energy conversion, and therefore current production,

is obtained.
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Maki ng | aunch and recovery of the kites 2 easier can be obtained with jets
of conpressed air suitably blown for expelling and handling the kites 2
wi t hout rwedbesgi2ezsnt acts. The devices for obtaining thi #Canrioos/eicasd w nd
thrusts (not shown in the Figures) can be arranged on the length of the
recovering systens 8 and in the end part 10. The nmanoeuvres are generated
t hrough nunerous bl ow ng points whose geonetric position nust enable quite

a nunber of degrees of freedo and e driven .by the spart caont tem
in order to feaffePanPatcr aﬁrp@tSHdbggW’e eﬁ’&ﬁdllinngcaégvp%g}l se 8P El%unees%grre

artificial wind thrust devices can hel p recovering t train 3 of kites 2.
Thr ough leRESE1gevildedsi 3vigeble t£9 BXPHSE bie tFSlJc‘?gSésaHg %i{ t5OF] %?%leﬁifg Of% ows
wi th which the drivability of the kites 2 is WO ,

2008/ 12028 7PCH |SF2008/ 00008 gireeant bedthiterroshr Houdc &9 XegpPethfexdllt 3Phe
recovering systens 8. The |l aunch of the kites 2 requires at |east the
presencecofeen $hé gitgnbt eeze tat wrduled $ enel the raddseb ofThecahed swilhd tdet| ow
hei ghts, the notors 20 nentioned bel ow are actuated in order to start the

modul es 35e afxti g Wi1RdusyS tfem Reddingr tiey al © @i, i ki€l dokyexcarpate diheldr eeze
that allows the kites 2 to ascend. The wind system 1 is equi pped with

a recovery andeexpulsl o SSLRN G Jehenki LR912yaer drareaeliamdil eldsic
An alternative solution as regards the recovery of the kites 2 consists in

| aci ng_th i t h i d . CRT
et b )

e Win olution inplies great advantages.

First of all, ever dule 5 of the wind system1 is equipped with a,single
troll ey 2% Tas‘innééli/ fé;mcé‘i?t @?‘?‘F&?I%OB% ea&aﬁ?@&%f%l %rbg)bﬁ&” < haenlo 3 g%‘é%&%?%%%ﬁst em
8 is not necessary any nore) and the wind system1 will therefaore have a

singl e Cap$sis ppdt hévigdvanttige ConsFSIHRREIRR Phe Yithler fla BfFeERTH Ve

nmodule 5 is highly reduced with respect to the solution with recovering
syst ens cBniiguegt adn)wienl avdghesis ranl t herefore the energy to be spent upon
starting the wind system1l is lower. Finally, the aerodynam cs of the

troll eys of Eherwinudusyshentf lthes whetlt eystesi Acest hieeradoodyeanippefir vigth éf due
to the recovering systens 8 is not present any nore. This allows increasing

L_hteeengrlgxs@ Qnver shiaeyei f iwirengy whith thkems@ire Bi tichrenetgy chapt Ueeadt ynet he
| S .
rail 6. In particular, as already stated previously, the modules 5 can be
equipped with é single trolley 11 on which both generators 20 and/or 21
and components for driving the kites 2 and storing the ropes 4, are
placed. A second embodiment consists in providing each module 5 with two
trolleys 11: one at a higher height equipped with components that perform
the energy convérsion and one at a lower height on which winches 24 and 25
are placed, on which ropes 4 are wound.
The modes with which a trolley 11 can travel on a rail obare
preferably two:
- in case of use of a classic rail 6, the trolley 11 translates on the
rail 6 by means of smooth wheels 16 and 17;

- in case of use of magnetic rail 6, the trolley 11 translates on the

rail 6 by means of permanent magnets and/or electromagnets, exploiting the
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The recovering systens 8 on the ground can be, for exanple, containers with
a hinged cover placed next to the ground. Said containers have a shape
adapt ed twoOhowsse0®mr | east one train 3 of kites 2. In th@CTNIC2008/000089

2008/ 120257PCT/ 1T2008/ 000089 hori zontal plane the recovering systens 8 are
radi al |y arranged and. can be placed inside and outside the closed path

| ocated by the rail 6. As regards slanting of the recovering systens 8 with
respect to the Jgrol.%n durin .tlhe kites 2 recovery and takeoff operations,
the recB91 MG SYSt8hCBPAFE S Gnted upwards (in order to facilitate such
operations), while during the remaining period of tine, %hq‘é}r icoi/@ri ng
systems 8 ar & gt rARGER Al ndSENRATCSoRt af 137A 1L R BArtSeRsI 8t "IEECR +¥coVEri ng
system8 is able to performtwo novenents: a rotation-translation novement
and a hebsilsglhoveenenterfaced torjsher mmaindng eahstiatthsmemvene it EBRn8ds in
lifting the recovering system8 by suitably slanting it upwards. Each
recover spgtesy $t efi8 exampisn dhedugthrepughod aepitd yinapesrded vvithegdpmpgnarat ors
37. Such actuators 37 are arranged on the two sides of the recovering

syst em 8hangdare iingeskleabhe athotheargpoabad. and to structures that can be
schemati sed through rods 36 in turn hinged next to the ground end and to a

box 38 of thgsraceuey ifidveysdigNsBadas $how pbBs G td &iande 1e whyels 16
actuating the actuators 37, it is possible to lift and slant the recovering

System B:L2Ki0. Lf1e, BEBTAS 1ends Lo, hpged Al Alnchiiee SATR-beiighE glous ch

said rail e ot end to a higher height. The Tinear
actuators 37 are, f X l.e, hydraulic cylind acgf'éatr%?t‘,gﬁl h%gcgglic
system Ef‘?veweﬁ St h]gés%ﬁ?i%)% r\é? s%ls f%‘rrne tAs%éfﬁpésr native to ygra i C
cylinders, it is possible to use el ectraonechanical II [ negr. dules. The
r ot at i oRSERANEFatdton bl efrent GEEBFS TSRO ngl RIS L OpPing SPRE M Hd
system 1l in order to respectively facilitate the takeoff and recovery
oper at | ¢hat dfhekiaids 8. lTherhausimgonile reate .c6ASTSt3ESi n openi ng t he
recovering system8 so WD 2008/120257PCT/1T2008/ 000089 o
- wheels 16 rolling on a horizontal plane, that support the majority of
the trolley 11 weight;
- wheels 16 rolling on a vertical plane, that counteract the radial force
to which the trolley 11 is subjected;
- wheels 16 rolling on a horizontal plane, that prevent the trolley 11
from overturning.

Due to the presence of this system of wheels 16, a trolley 11 is
kept in the bed of the rail 6, preventing any change of derailing. Such
result is obtain by conferring a suitable shape to the classic rail 6. In
particular, as previously stated, it is possible to make the rail 6 so
that is assumes a double-C”C section, so that the rail 6 “embraces” the
lower part of the trolley 11. Alternatively, it is possible to use a
common rail, for example with a rectangular section, and arrange the

wheels 16 on the trolley 11 so that the same wheels 16 embrace the rail 6

(not shown in the Figures).



that such system 8 becones a platformsuitable to house at | east one train
3 of kites 2. As already previously stated, the recovering systens 8 on the
ground cawmohe(s/f20257exanpl e, contai ners with hinged covercantonéremessor e has
a different structure with respect to the solution with recovering systens
8 on board the nodules 5 of the wind system 1. Firstly, since the
recovering system8 has to be opened |like a platform the best shape to be
conferred to_such recoverin st 8, i : y -

oyl nr i cal BRBESHEY oot I gfonra paeBouenRy et aEeRe ™ f5end
part 10 able to be oriented any nopre _and inside them.the is not the

trol | eynNBE FHECEEE FRREPYT HHKE%BUF@?JH3§V§%é#{tEﬁcﬂ“ﬂé@%vifﬂﬁ%‘§§§t5ﬁf§dis

| ongi tudinally sectioned in order to be conposed, for exanple, of three
parts 38nahtpl3eysAsS shovitrn cpastiadararte el geovd, fhakbepar F¥3gotdmphse
the cover of the recovering system8 able to be opened, the third part 38
is the hoxo alopted dontailvery ofartspertecoveféngosysttepi8itThe box s3gtet- t he
recovering system8 is arranged with upwards oriented concavity and the

ot her two patrhsc@2 aire uBengednddner et ora38 iop onhelerirt gapr batwesa shgnttsuoé
that is able to be opened and cl osed, nmeking the recovering system8 assune

the appegs anss1ef sa phati iPontPeisngrotné heaicord aisneksrénay aephadd Ghm
occurs upon starting and stopping the wind system 1, nanmely respectively in

order tQpfakeqfi k?lgﬂjx %ﬁglg\‘c%%lttrﬁﬁiulfbt§sana' &t e chaviingd-snded . takeotf Re

recovery operatr ons, e recovering systens 8 are cl osed agai n. Li ke

the rotatjon-transl.ation nmovenent, also.the haousi n u r
exanple%obﬁgﬁhéﬁéﬁpﬁ%a?a%%f)aﬁg 5”?%%5 gh%aﬁ'|nw%%gS&?é%??s%?qggéﬁ§e&$ﬁ
actuators can be hydraulic cylinders actuated by a hydraulic st

2008/ 120257PEP T25DSL0B0D 8YPEor ] idHeRT @afeéF¥%%§§h5%i%CknB%%Y@8§1%ﬁygen
by the smart control system Wth reference again to the wind system1
ver si onare whbidrteHe focGHerpREEss YAcOHBT 8the eapl agely okt t he GABLIRPISt W6
solutions can be adopted. The first solution consists in providing the w nd
system pruvide toke megoeeid njesitsteos 8rdldeyeadh mbdal @ish (@heklishertef@deé f or
each train 3 of kites 2); the second solution consists in using a |ower
nunber ek-1eceuveyingrsystLemmpiotth@onthiennufge obduledt| esithoot d¢dneuwrimd
system 1. T the wind system 1l is equipped with two recovering systens

8 for eagh Jmdul€r, OMREYiLT @hBrd, Of slidit Bshe21Bas ¢ WearGont&t nexanAvai lkabl e
in which it” can be recovered: one placed inside the closed path described

by rail Benthe, oLlas RLagat aHiS] decsual,Pat fraBin A4QPbANY LBLSiSObYL Teon, 2
train 3 o? ites can be recovered 1n a‘recovering system8 or in the

ot her according to wha ind Wal |l ows. | f . ins ] t lis
equippeﬂﬁmP¥ﬁ”§uﬁﬁﬁﬁ%FE%¥fHébS@g?fﬁgu§§§F€W§H§tﬁgw%$%gﬁ%%§?ﬁgﬂgd%%zrgg%
modul es 5, the recovering systens 8 can_be pl aced indi%%erenily i psi de or
out si de "R cHiss 899pheh USErPbRE byrePhENFEPTs Bhd® FBRIPRTEVe PERTFEY &t em
8 is ainmed to house nore that one train 3 of kites 2. For this reason, in
such casgastite reppemddaforargtiigifiglthe kites 2 are equi pped with an
automati c coupling and uncoupling system (not shown in the Figures) through
whi ch the ropesaddicannbeo rieeeisy iy eduplepd timel usec ol phugpont ity fhead s hé
trains 3 of kites 2. Due to such automatic system a train 3 of kites 2 is
recover dnoRhywh ek i hedessBext id Ocdsd eovesel RE sy shepeBsord fWm ecoatiriti ons
are favourable. Wien the recovery ends, the ropes 4 that connect a nodule 5

to the %Eﬁ@&poa&d'n@@nléi{?d Ns 3pRhs kit 82cBn@IRyUNBQURAGS ilhEORhE fiecddhablogy, of

kites 2 1n order to allow
the repelling magnetic field could in fact be generated only under motion
conditions and therefore, under such hypothesis, levitation with an
unmoving module 5 would not be possible. The presence of the supporting

wheels 16 ensures that, even when there is no levitation, modules 5 and

rail 6 do not come in contact. Conditions for a possible forced movement
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WO 2008/ 120257PCT/ 1 T2008/ 000089 advanci ng the nodul es 5 and recovering the
train 3 of kites 2 of the followng nodule 5. Simlarly, through the sane
aut omat i WO/ I2MF7and uncoupling system the ropes 4 aPE€TABLH$/6W08gain to
the train 3 of kites 2 upon starting the wind system 1, upon the kites 2
t akeof f. Cbviously, the automatic system for coupling and uncoupling the
ropes 4 is superfluous if the wind system 1 is equipped with two recovering

Systens 8 for every odyle.5, siace. d W SUGN 6ASE. QHBLY.A Lol ley 11 of the

w nd sy SFraits 0 g corresponding train 3 of kites 2
even wth a wnd system1 at rest. To allow a recoveri S em8 t use
many trains SNQFFSKPYRENS SyFtems u?lf%et?‘engﬁr%%oé?%st%{ 5%%\/5{%% Sacﬁ 36 e
recovering system8 with an automatic storing system (not sho_vvg in the
Fi gur esyindiravegimwhiugedi £0oF sroseeatiside the Fe@sver 2brrastkedtd R8T &%siton
many trains 3 of kites 2 and orderly arrange the trains 3 of kites 2 inside
t he recavesquigpsystien Ge Sactveningnsitstemss diorngagy sedm e 9 -cHpFseaveros
exanpl e, of translating shelves handled by belts and is driven by the snart
control ssyshens ghereshel yesder ansital eastermaencyiginpaiedl elipandirgdste ifiusg a
closed path in order to allow a quick succession of |anding, storage and
t akeof f .gper:at iong, Ak thaitrai g Jiekskipteso2. this r&idon, ardhg trecthering
sol ution characterised by placing the recovering systens 8 on board the
modul es 5 of \t he, wi ¢ BBKiRghheiakesifeandnsereaverss ehekiihes 2
easi er gg?lgebmes gb?%% %feaaﬁ%sch%”ﬁ}%%s o!f( cor?pr essed ailre su?rtr%bl y blown to expel
and handl e the kites 2 without ngedin n A h i ces.for, qbtaining
TR YOS e SPTaAed ofCEHD PEngchigi ins r e5over

this arcYFFe al- wi ranged on engt t he recovering

systens 8 and the manoeuvres are controlled by.the smart control systemin
order t6TREHAtaENH YacktrHAr e WHE aligE 9@2(’%89}1 0257PCT) ITIQEFO877 8%%](%@7

handl i ng device. The sane artificial w nd thrust devjces can hel

recover itngctive tompanedtobf Kiltedibes Thr HGHIR HeSe VEEY Cds PUt+ Ciog‘pg%er?%@tf
possible to create artificial air flows with which the drivability of kites
2 i s guahantkgedswengkidsesa 2 canerimittiono tohesumposterd ngheyseéet 8oL the |
case of ground recovering systens 8, it is possible to place a disappearing
gui di ng rs¥StaMENSfsteheve, iit theadrigabEs Jtonexsidro thhen@hdesfS tdfethecover i ng
system 8 through which the train 3 of kites 2 passes to be able to be

rested p&ﬁ’enﬁ he ipl A Mo SHEShrdi SAPDadEl NEigHE iENehs Visdcemermisl shatdns Bat e
the landing of the train 3 of kites 2 onto the recovering system8 and is

Conposegbkéggggéﬁggh%s 8, Fggﬁ{ of.1 & ods nRhAGRA08: 181 8 t8d fARe that

recovering sy and in front of it. The rods are lifted alnost in a

vertical . positi.on_in the instants_precedin X:) I i r: 10
cont ai ntf‘gevm%l%ulﬁ &GPPHG St O E%het S%ilc%g:é 2'?5 E??%I%&g Og%gggﬂfglr gégqﬁntd
towards the recovering system8 opened as a platform_ Al.so, s

h
di Sappe P HEN GUICEFRE Sy STBRA | €d L Vare Y5y S RE St “Comt rorteyht ahe Whole

weight of the recovering systems 8 rests on the rails 6.

In case of use of a single trolley 11 for each module 5, the
recovering system 8 is constrained to the trolley 11 next to the end from
which the ropes 4 enter proceeding towards the kites 2. To avoid that the
recovering system 8 makes the module 5 overturn, the weight of such system
8 is therefore supported through the stretched flexible structure 12 and
possibly the cushioned wheels 17 connected to the recovering system 8 that
travel on secondary rails 7.

If the modules 5 of the wind system 1 are equipped with two trolleys
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Summari sing, by placing the recovering systens 8 of the kites 2 on the
ground, assumng that the wind system1l is equipped with two recovering
systens 8WPAEP08EIABIF7train 3 of kites 2, the kites 2 recoPETHTHIEHPHIFON
occurs in the following way: the ropes 4 connecting the train 3 of kites 2
to the trolleys 11 of the wind system1 are rewound in order to take the
trains 3 of kites 2 next to the trolley 11; the disappearing guiding

system are aclyat od gad, of NeUOh.Lg KqLaLl At ransl ali e, and housl ag,

novenen covering $8ys are upwar ds sl anted and opened

as a platform WO 2008/ 120257PCT/ 1T2008/.000089 - t he_ stroke th ul es
5 of t hETMIFYSsYStERE1P &t 6pPed i Eest ﬁﬁrP'F%t ﬁ@ﬂe@ plso%%rretotlicofrfa’c&aﬁ@%\% nd
thrust devices, the trains 3 of kites 2 are sinultaneously rested onto the
cor r espehdi NgveF atdighits SO | isitdEhdrresareridy eheEed sed %’éttﬁbipé§ PbE 8{?
rail 6; and - the recovering systens 8 are closed again and nade

r ot at e- i ansisat €he nresideente bereredangedhmereraso 4 héegr dliRdWind Systep dach
recovering system8 is ainmed to house many trains 3 of kites 2, the

r ecover ypepaieat i Dn pdoesculatr, odeuresovadingnecushy & ereaslantedi wsti3re$oadtt es
2. The wind systemstroke is stopped in order to allow I anding a nunber of

trains 3,0fnKinbes,cAt8UUsllankoubie dBUNRE lshefm rec pyeridugasyist €6, & ahowl) .
t hrough the automatic coupling and uncoupling system the ropes 4 are

uncoupl ed f romuthe, liandedh 14 0353 0f Jakbest 2sandr thes jagh OMBdd1g st I ifag

systens recover the trains 3 of kites 2 making available free fl atbeds for

| anding the other kites 2. The w n e 1 5q agaiqrand.d hecamdihes 5
uncouplgag?f%ﬁpiﬁe’thfn%&ﬁwa ?Yé%?’éﬁééﬂ%#e?%%%%ﬁ?ingggn ?ﬁé call 6 in
order to allow recovering the trains 3. of kites 2.of follow ng.mduyl 5.
After allPitfali /8 g H“ge%u 1RE% ‘%@3?15 rﬁé&%?%r e W6 rréeg%(%fd‘lgﬁggy&%m
containers, the recovering systens 8 are closed again and | owered in order
to be aframjyed-next to the ground.

Independently from the use of one or two trolleys 11 for each module
5, the end part 10 of the recovering systems 8 is realised in.order to be
able to be oriented both in the horizontal plane and in the vertical
plane. This allows facilitating the recovery and expelling operations of
the kites 2 and partially absorbing the force transients. In particular,
by increasing the slanting of the end part 10 of the recovering systems 8
with respect to the horizontal plane during the expelling operation of the
kites 2, it is possible to place the upper end of the systems 8 at a
height that greatly modifies, by elongating it, the necessary time for the
kites 2 to settle when flying, the kites 2 starting from a higher height.
During the kites 2 recovering operations, the end part 10 of the
recovering system 8 is aligned to the remaining part of the system 8, in
order to facilitate executing such operation.

The capability of the end part 10 of a recovering system 8 to be

oriented is obtained, for example, by making at least one articulated

37



The kites takeoff occurs through the sane sequence of operations, but
performed in a reverse order. Wth reference again to the case in which
each recoweromsg283s3tem 8 i s ained to house a single traPoT3TBO8/MI00®s 2, the
recovering systens 8 are lifted, upwards slanted and opened as a platform
The artificial wind thrust devices are then actuated in order to expel the
trains 3 of kites 2, and the nodules 5 of the wind system1l WO

2008/ 120Q257P 2 0 a n rail ue.to the tor

contr olf%glzbggfr IH% g?rgér}% %gﬁ‘tg]?o ﬁsggtet eh% Sg%ﬁeg{ gt F‘rﬁ‘g (grtlvtlﬂ% ﬁheevgqg r?hj(zeé)
trains f kites, 2 li.ght . breeze that allows the_ kites 2 to ascend.

I i nstd}fg etglgh arrE%:%al ?Cleﬁgjg%tt eﬁl gmfoélg i fedYPbThovk etMeify 4P8F nsl 3eeFh
kites 2, simlarly to the |anding step, also the takeoff step occurs

si nmul t a??éléﬁgwefiofo A4 1ep3 reeshirakl tesy2indsr BRi Bingssle to dffteeregdyering
recovering systens 8 are lifted, upwards slanted and opened as a platform
t hr ougt‘?yts%ém gurgrattc theupitisglard datwufli Aepssy bydrmultihecyldpdsrst 3ar re
coupled with the trains 3 of kites 2 that nmust takeoff. After the kites 2
t akeof factuheedrodul e shysireolpt edystietnh dirreert riai nshe3 swfarki testbladyanae. o t he
rail 6 in order to allow coupling the trains 3 of kites 2 by the foll ow ng

nodul esalSerdftior abl théienjdiunsc 3c@finkbtes32 havie mrdgibheids takeef fqait he
recovering systens 8 are closed again and |owered in order to be arranged

next t@leherdieerithical modulBae MbNEnsHstieM e %%aigé)n.g to the present
invention further conprises at |east one transm ssi'on system The

t 1 SSi t t f th dul 5 . h i t
1 That. drivalthE Foneed TR R oesth du Ey TR eneEs YO WRdrRbR
assenbl'ad S8 CRETBAIEL 5 of 4 REOMH Syoteih o e GRGAC ol ©5 GF t he

wind system 1 is equi pped with a transm ssion systemin which there are
pr ef er ZEFVEWHIr GWRTHT Hultd eRBstERcHotoeabh BRI Heatwd st BpEsalan tich bghi ch
the kites 2 are driven. In case of use of a single rope 4 as
i nt er coOAARRESdAT ndthersam weerpsidaneof5 the artndudytstdenointard kites 2, each
nodule 5 is equi pped with a single row of pulleys.

If the wind system 1 according to the present invention is equipped

with a single trolley 11 for each module 5, a possible embodiment of the
wind system 1 (not shown ~in the Figures) provides that it is not
necessarily only the end part 10 of the recovering systems 8 to be able to
be oriented. The articulated joint 9 that allows orienting can be placed
in any point of the recovering system 8 or in the system 8 origin, making
the whole system 8 able to be oriented. Also in this embodiment, the end
part 10 of the recovering systems 8 can be driven, for example, through a
system with ropes and hydraulic cylinders. If it is the whole recovering
system 8 to be able to be oriented, the manceuvre can occur through the
stretched flexible structure 12 that supports it.

In order to facilitate passing the train 3 of kites 2 during their
recovery and launch, the outlet edge of the recovering systems 8 is

preferably dome~shaped and, next to such outlet edge, the end part 10 of
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WO 2008/ 120257PCT/ 172008/ 000089 The pul |l eys present in each

transm ssion systemcan be divided into four categories: the pulleys 35
assenbl edWOr2048420257 ol | ey of the recovery and expul si on EIENOYP00P8Pe Ki t es
2; the fixed pulleys 33 directly constrained to the nodule 5 of the w nd
system 1; the pulleys being part of the systens for absorbing the force
peaks of the ropes 4 nentioned below, the pulleys being part of the system

L g 5t 5y AP AR R o A i paaeity Tl
outlet edge.

The function of preserving the kites 2 imposes that the recess of
the recovering systems 8 1is accessible to operators for performing
possible maintenances.

The shape of the recovering systems 8 can be merely cylindrical,
but, if evaluations about aerodynamic rotation resistance and structural
resistance should suggest a different approach, the recovering systems 8
could be made with a trellis structure (not shown in the Figures) where
accessibility and containment of kites 2 are obtained through a network
for padding the trellis walls. The minimum trellis section is triangular,
keeping an adequate space for preserving the kites 2 and passing the ropes
4. The particular entanglement of the padding network avoids possible
jamming when sliding the train 3 of kites 2 during expulsion and recovery
steps.

Inside each system 8, a system is placed by means of which expulsion
and recovery of kites 2 occur, together with accompanying the ropes 4.

The system 2 for recovering and expelling the kites 2 is a component
of the module 5 of the wind system 1 placed inside the recovering system 8
and through which recovery and launch of the kites 2 occur, respectively
when the wind system 1 is stopped and started.

The wind system 1 according to the present invention can be
equipped, for example, with the same recovery and expulsion systems with
which the wind system with arms and rotating shaft is equipped, disclosed

in previously-mentioned Italian patent application n. TO2006A000491, to



In case of use of two trolleys 11 for each nodule 5 of the wind system 1,
excluding the pulleys with which the recovery and expul sion system of the
kites 2 iwWOoeqwpmsd, the other pulleys 33 are placed onPChAT2008DM0e89 11 of
the nodule 5 that is at a | ower height. The gl obal nunber of pulleys
conposing a transm ssion system depends, obviously, on the trolley 11

Si zes. The wi nd system 1 according to the present invention further

conprises. at | east one systemf absorbing the forc aks of the ropes 4
(not shHRH??IE§e“ﬁ“?h8a%§§%E$%eﬁ%? %6%5?b%%§l he" Swggggéaks of the ropes 4
are the conponents of the wnd system11 that conpensate the sudden | oad
vari ations ofyahsiardllent i eacht h%% EISS oFEOVE o 2ROt SKRECTEY | TVSAHSor B ng.
The systenms for absorbing the force peaks are placed between the systens 22
WO 2008£42026APET T2008/1080080a1 orrapsheliasg candvandf il rigatheoripes t4 tand
the recovering system 8. The wi nd system 1 according to the present

i nvent i epacdatbe ipgideppeed, dorrespeanphe, radaverite syateamsf endabsopbivigethe
force peaks disclosed in previously-nentioned Italian patent application n.

T02006AQ004 % e Lo WyrCchusefLiseas & .canpher radsydtemsaofronapdet@ailllegs 35 of
expl anat i on. Synthetically, each systemfor absorbing the force peaks

IS COWD%ﬁsdm%%sa%péﬂé %gs&m%acaﬁomeotéoﬁ@gpenec&a@@um afseebghd diinfleddpeom
a ate,

the ground a l'e to vertically translat constrained by a suitable
gulde. G1ad 5 BULLBLcE L00Efo SHOUI L) Slop Galted Slckitennd |
be. oqui SPBGATN att | 90EF Onc St b ol ABSGP RS CheF B e Haske TorTeach
traction rope 4 with which the kites 2 driving occurs.

the rope 4 assembled on said trolley.

Upon recovering the train 3 of kites 2, when the kites 2 are next to
the recovering system 8, the kites 2 are arranged in parallel with the
axis of the recovering system 8 (through the pair of ropes 4 and/or the
spoilers) in order to facilitate entry in such system 8.

Making launch and recovery of the kites 2 easier can be obtained
with jets of compressed air suitably blown for expelling and handling the
kites 2 without needing contacts. The devices for obtaining this
artificial wind thrusts (not shown in the Figures) can be arranged on the
length of the recovering systems 8 and in the end part 10. The manceuvres
are generated through numerous blowing points whose geometric position
must enable quite a number of degrees of freedom, and are driven by the
smart control system in order to realise an accurate and agile handling
device.

The same artificial wind thrust devices can help recovering the

train 3 of kites 2. Through these devices in fact it is possible to create

artificial air flows with which the drivability of the kites 2 is
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The wi nd system 1 according to the present invention further conprises at

| east one system for fractioning the ropes 4 (not shown). The systens
for frictwonoesg2oise ropes 4 are the conponents of the wPQw/IE3008/e000% t hat

bl ock the ropes 4 when there is no | oad and contribute to conpensate the
sudden | oad variations of a small entity that the ropes 4 are not able to
absorb. The systens for frictioning are placed between the systens 22 for

| nd d Nl 1 K 29 Th
oyot emedt oAt Fa DALROADP L oReS 4 AN, LNe, REEOVELI0: Ry Shems 6. e

act1 oni ng, system ing to the

present inventiqn is caonposed, comprise, for exanpl a _pul |l ey .const.raj ned
to a linear Giff d€UFH 052})%? ﬁ‘é{ce? t‘ﬁ?@ﬁ%?fﬁaﬁﬁpa% éjclieiggﬂce % 2ELiGRE
2008/ 120257PCT/ 1 T2008/ 000089 i nposed by the Ijnear guide, a dangened spring
i s pl aceEeezehat yePUBensevdi-néd skt Of &%G@n@%%&%@ﬁﬂ%@%n& %é%itoffg
another end to the trolley 11. On the pulley a rope 4 is wound, w th which
a trai n28 mdntibhed leloy drevestusdethan, onflps tte shert dje Zogelrs on oft ke
spring is conpressed. Wien a sudden | oad increase occurs on the rope 4,
such | oathd ngeeasel iis padér ald wrat fieriaal edimptehehe pirenge comsr 855dvon thehe
mai n function perforned by such systemfor frictioning however consists in
bl ocki ng; theor epestehien there is no load. The spring can in fact be

prel oaded so that, when there is no load on the rope 4, the rope 4 itself

i's conpressegkgxmkgeszggﬁnq bet ugeobhey i G i:apbRd-ySyabieaxmilied apden

second pulle nmodul e”5°0f the wind system 1l of the present

i nventio st . be equi i t.h east one frictioning systemfor each
tractioﬂgf%%%&ﬁgﬁi?hnﬁﬁfgﬁ %%%lﬁﬁgégeé'driving occurs. The wi nd
system 1 according to the present invention further conprises,at | t ,one
w ndi ng and %mﬁ%&%@té\}%tgﬁ%%f AhdeFBpds Jﬁh? nB?CosYﬁg&n)O% " iE8 2

consists in placing the recovering systems 8 on the ground instead of on
board the modules 5 of the wind system 1. Such sclution implies great
advantages. First of all, every module 5 of the wind system 1 is equipped
with a single trolley 11 (since the external one adapted to support the
recovering system 8 is not necessary any more) and the wind system 1 will
therefore have a single rail 6. Another advantage consists in that the
inertia of each module 5 is highly reduced with respect to the solution
with recovering systems 8 integral with modules 5 and therefore the energy
to be spent upon starting the wind system 1 is lower. Finally, the
aerodynamics of the trolleys of the wind system 1 is better, since the
aerodynamic friction due to the recovering systems 8 is not present any
more. This allows increasing the energy conversion efficiency with the
same wind energy captured by the kites 2.

The recovering systems 8 on the ground can be, for example,
containers with a hinged cover placed next to the ground. Said containers

have a shape adapted to house at least one train 3 of kites 2. In the
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The systens 22 for wi nding and unwi nding the ropes 4 are the conponents of
the nodule 5 of the wind system | placed between the systens for
frictioniWwg20e¥1202%¢ systens for absorbing the force peaRE€I/TENE8/0(9889t ori ng
systens 23 of the ropes 4 nentioned bel ow. The wi nd system 1 accordi ng
to the present invention can be equi pped, for exanple, with the sane
systens 22 for w nding and unwi nding the ropes 4 disclosed in

previ ougl y:- i l.tal i .ent i i " d,.to
B e e
2008/ 120257PCT/ 1. T2008/ 000089 Synt hetical ver ule_ 5 of the

wi nd sygfae%dl st urypedt W R &% ﬁﬁpﬁﬁgaﬂ%ﬁhnﬁﬁcﬁg?ﬁg%% Emr 3t c%rrpg?si ng
two pairs of four w nches 24 around which the pair of ropes 4 of the

cor r espbTHAG ptating of ¥ia E§COVRLBIWBYTHEMS E8 cH o pESBe e i ﬁbet‘ﬁ’é’und'
frictioning systemis wound around the four corresponding wi nches 24 of the
w ndi ngdaridguhg dtay % yscevad? andf takeohhiapkratigpseceisecovaiids syrtems
storing system 23. The systens for w nding and unwi nding 22 are those that
suppor t 8t hee Wwhldreedoppsatispulin. order tFhéacilitate nehes Gbratoomd ,whindhe each
rope is wound are arranged on two levels (two at a higher |level and two at
a | ower dhevgl handmbnviegppéaldebr rotnl, | tie a¥esverEvigr yydtepe 4 0R avemnage i S
wound on each of these w nches 24 for about three quarters of a ‘

ci rcunf greneenos peat her erraie oM M Nehas RAclorigyeyt&Rre b dhie ghobal
wi nding of a rope 4 on the winches 24 of the present systemis equival ent
to thre I alell of _t _ N inch.. The f ;

W nchea 1 B Whch U Re Rre 7 obe o Wit et ahnelkfE jandcp flipg

t hr ough %]ears to a notor 28 (by possibly interposing a reducer) whose
actuatid elmgntegul ated by the smart control system It is by neans of these
w nches 24 that the kites 2 driving occurs. An alternative solution (not
shown in thel'T garlEsP cEREISSES 1o MPYPRE ta CRBS LS & dEAN Heh Tegoverang
sinplify, herein below reference will be nade to the case in which the

syst enss¥grenwisndynguabeblynvwiladt bieg 22t ofpvelds r opad fregpeceiqd pystew §hia
single notor 28 for every four winches 24 on which a single rope 4 is
wound. handle8frtietough beteweeby-eachngedidin2dr anduaopss 47cadudie acheateased’ by
sui tably shaping the surface of the winches 24 in order to house the rope 4

i ncr easiyg dr8nG@NIRACEhs UF iR e dBSt WEEHhd GREoderdng Wiétdh 24.and are hinged
both on the ground and to structures that can be schematised through rods
36 in turn hinged next to the ground end and to a box 38 of the recovering
system 8 (as shpwn in FIG. 18 and 19). By actuating the actuators 37, it
is possible to lift and slant the recovering system 8 taking the nearest
end to the rail 6 at the same height at which said rail 6 is, and taking
the other end to a higher height. The linear actuators 37 are, for
example, hydraulic cylinders actuated by a hydraulic system driven by the
smart control system. As alternative to hydraulic cylinders, it 1is
possible to use electromechanical linear modules. The rotation-translation
movement occurs when starting and stopping the wind system 1 in order to
respectively facilitate the takeoff and recovery operations of kites 2.

The housing movement consists in opening the recovering system 8 so
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WO 2008/ 120257PCT/ 1 T2008/ 000089 Al ways focusing the attention on a
single rope 4, it is possible to differentiate the roughness of the surface
of the fouo2e8snchas3 24 in order to progressively increa®eTunmo$/nioogd on

bet ween rope 4 and wi nch 24 proceedi ng towards the storing systens 23.

In case of use of a single rope 4 as interconnection nenber between nodul e
5 of wind system1 and kites 2, the w nding and unwi ndi ng system 22 of the

of "the. HRING" S i MRy oAt 33707 TLRELE ot S A Che T ALrL B o

the nodule 5 of the wind system 1, with a | ower, ener consunptjon ypan
starting Phekkipst ém As already Hﬁ%‘flOBERYe?Féﬁﬁgr ed'$ Hff%)éf’ﬁ]élriﬁ g;g’?% Signorl

bet ween driving system 22 and storing system 23 for the ropes 4 is de
necessafe byrouhé aanehe, |fwrgekarailer heordedbeohy1sh Rigsedacetiinart é&efgfﬁqrﬁe
kites 2. Should in fact be a single winch for each rope 4 (thereby

oper at i hgs bat bi fferdnt vetgucyst ewl dndreapest ord nighss yastlafyon t Wethy gigeceradd| d
be conpletely wound around the winch drum formng nany | ayers and at the
sanme ti ResSARPer&h Npagtedie dadses Sueh id wahd wystast 1 be'iavblWedistndde
frictions that would be created due to sliding between the different rope 4

W ndi Ng$e - WU Ao WeAK k@ Ha@PEo beabpsiteh 18X enblastdr, | fRaidestt snapectmmecal
properties. As alternative to systens for wi nding and unwi nding 22 of

the rOp%gnéa%%dth ghgﬁrrgégﬁ%ﬁﬁ%ngiﬁgﬁsi% L§599§§i$ﬂfaﬁ@%eu%%e l-ae exaapl e,

a singlewnch for ea rope case, the rope 4 is wound around
such wi nch, by perfarm only a limted nuober of r i

such th&ﬁ’ﬁc’i‘%ﬁga{ P& %ﬁeéw%éléyeﬁheo?r%mﬁdf%%og)eré%? ess,\é\%l cﬁ%:;'ité r[()é;aco?:ge sIEj
towards the storing system 23. A second alternative consists in_usin

devi ces PGl PHeRPLANO2B05 PTITSRPeTY 1TOT0EB00088 % 1P BAEF oF Fhcads
tracks within which the rope 4 is inserted. Both alternative solutions to
t he aboveotlstrifbete wiendvery and SFRMIAHPMEYSYSTR emazh B?CQ‘WélP%p%?tﬁmagr es

anyway disclosed in Italian patent application n. TO2006A000491.
longitudinally sectioned in order to be composed, for example, of three

parts 38 and 39. As shown in particular in FIG. 20, two parts 39 compose
the cover of the recovering system 8 able to be opened, the third part 38
is the box of the container of the recovering system 8. The box 38 of the
recovering system 8 is arranged with upwards oriented concavity and the
other two parts 39 are hinged thereto 38 in order to create a structure
that is able to be opened and closed, making the recovering system 8
assume the appearance of a platform. Opening of the containers 8 as a
platform occurs upon starting and stopping the wind system 1, namely
respectively in order to takeoff and recover the kites 2. After having
ended takeoff or recovery operations, the recovering systems 8 are closed
again.

Like the rotation-translation movement, also the housing movement
occurs, for example, through linear actuators (not shown in the Figures).

Such actuators can be hydraulic cylinders actuated by a hydraulic system
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The wi nd system 1 according to the present invention further conprises at

| east one storing system 23 of the ropes 4 (not shown). The storing
syst ens 2ABO0@POFHB25 opes 4 are the conponents of the nodBC&152068/0q0h89 wi nd
system 1l that take care of storing the ropes 4 of the kites 2. The
wi nd system 1 according to the present invention is equipped, for exanple,
W th the same storing systenms 23 of the ropes 4 disclosed in

previ ously-nentio Lt al ban. pat ] |0 T 1suk@phi ch
refer enzgJ¥ CHRCBE e%%%r%%dh%ﬁ%%e%gé g%qegfgié& gxg%}}eofr%@%%@%@n? Ktéti cal ly,
every nmodule 5 of the wind system1 is equjpped with a storin St e 3 of
the ropes 4 BbhpriSiSkgnee pa?diibf “wi H&%e‘%ﬂ’f{s %’Pgﬁ‘ﬂdammeéﬁl%e”%a@m%f @P(%pes
4 of the corresponding train 3 of kites 2 are wound. These w nches 25 are
connect EECOHEBUGRYRIGNE r8 0RT® eBIREATS, O ofhe pHIINGf B8P 0FSL WG RAoSE" P
actuation is regulated by the smart control system Simlarly to what has
been pr evpoussl. yThe afiedt salutdse ofniisssoin puivagieg rigsewingsystem 1 with

i nt erconnection nenber between a nodule 5 of the wind system 1 and the

cor r esperdi rgotrerimny Syefenisi Beor2 eathenslude i g asyistremeZ@reofforheagtopesig 3i s
equi pped with a single winch 25 connected, through a reducer, to a single
mot or 29¢ Thiss reduces thecaacdsbidnee Bhsidhte sionisiggsystiene? Snoioctrhef
ropes 4 and the inertia of the nodule 5 of the wind system 1, with a | ower

ener gy %%g@xggﬂﬁ%osggﬁg SHaALh A% hifsyskeaul¥® 5 of the wind system 1.

2008/ 12 000089 The storing systens 23 do not al so take
care of drivipg the kites 2. Ln.such.. Y..: i h ensi thecLppes #4
wound around&?htéh%wﬁgﬁegy%fmofl tllgleggflg) %ﬁgwé%s?g%spééoﬁgﬂﬁ%cﬁgl ower tharn

the tension that can be detected i he sections of rqope 4 wound t he

W nches S2an GIOHE ol ATy SRE L THITEC Sy (s 99, ARGV BT oY &AM (e
ropes 4 load is greater, the nunber of w ndings on the winches 24 is. such
that thehigpdd gamrke Feveyersd aftRe PlaRet Wi SeFe gt ClLaset St ESYLreh PYon
the winches 25 of the storing systens 23, the ropes 4 are wound _on many

| ayers batltée thenstimr pdanddiisiddmchi pael-eByofhdeptangi Atk $C28LEFhpdsi ng
the storing systens 23 is greater than the dianmeter of the wi nches 24 of

t he wi ndiragn abunuicadi Bgcay ddeemec@srddn iar deretavemiing nssemnyway irheche
anount of winding |ayers. The smart control systemtherefore has also the

pur pose RfeSHICBFONGS L8O HAewid 3t bOTowf. the winches 24 and 25 of the
w ndi ng and unw ndi ng system 22 of the ropes 4 and of the storing system 23

around whi chthg, sang {P%O%iﬂdis%/s\ﬁ@an-isTg&éiﬂp%df wWdpReRtlerf 6F fRBagHRg t he

| oad on the section of rope 4 i'ncluded between the two systens 22 andn%B,

b | i th f starti t i j
Since ovEhE wniiEE 2hTbr el PR e S e B R S s e
wi ndi ngs are on many

[ | ayers, .next to each W{}Fh %S%L [ h\rll\c)‘ieeces ary, to eIace
a drivi m§ REROeIDG HERAEN o LB 14 ET r IPe14Ct U 37 PF@ ST NG DRY t HE
wi nch 25 and prevents sliding between rope 4 and flanks of the w nch 25 and
bet ween mehé @iandi AR CREAERIWES SYTIRE 8r i vidigerobieyseenire HdF C8Fes 4 ar e
the components of the nmodules 5 of the wind system1 that force the ropes 4
to an ordef! ¥itdsndi nBoorihisncémsmn25infsudhecssor ithg symtserts {08 dHgingathe
prevent sliding between ropes 4 and flanks of the
kites 2 are equipped with an automatic coupling and uncoupling system (not
shown in the Figures) through which the ropes 4 can be reversibly coupled
and uncoupled with/from the trains 3 of kites 2. Due to such automatic
system, a train 3 of kites 2 is recovered only when it is next to a
recovering system 8 and wind conditions are favourable. When the recovery

ends, the ropes 4 that connect a module 5 to the corresponding train 3 of

kites 2 are uncoupled from the train 3 of kites 2 in order to allow
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WO 2008/ 120257PCT/ 1 T2008/ 000089 wi nches 25 and between ropes 4 thensel ves.
The wi nd system 1 according to the present invention is equi pped, for
exanpl e, wothosrfze2sganme driving nodul es 26 of the ropes 2CHISHOYB@ASY N

previ ously-nmentioned Italian patent application n. TO2006A000491, to which
reference can be nmade for a nore detail ed explanation. Synt hetical l vy,
these driving nodul es 26 are conposed of a slider 27 constrained to a rai

arranged in parallel with the rqtation axis_of the w.nc h

cor r esp8AGEH n%tB??nﬁ&%§§Feglf@gofe?ﬂgﬂ%B%eghﬁ.£ Jé1§$fgéﬁgfggig § 1§70
translate in the two directions and a pulley 34 is assenbl.ed ther.eon. In
parti cuFaklovdnghmedbiet &y BTy attEvery %ﬁet SRUBF 2RF Ay 155 coupling) gnedy o
driving nodules 26 of the ropes 4, the translatjion of the slider 27 occurs
by neansnafupaing|systenc tnst BPP30 dwhics coBpkachepah! ite Feyyiiraied B tHESshart

control systemthat drives the kites 2. In the wind system1 there is
a dri vi ogormedaleino theé vihel sgpesn 4, f oporeveeykitiesch 2oeof £t hébwboslng the
systens 23. As an alternative to the use of the driving nodul es 26 of

the ropgstdhatlcisysRessidd eoup DingeXadmineoupldngl aice reged AMischuRbrfdbodher
storing systens 23 of the ropes 4 on a trolley that translates on a guide

| aced in. paral lel with the.rotakihon: 8xiSdfrdhees i ng .
pl ace ldg? Rt%;]rgit Slt%vg 0t hecgotRkhoni axi S.PfrdcRc£0ly asBeak Y MM edve2h

Sliding y occurs by nmeans of an electric notor whose operation

5 eQUad by g omet SONt Lol SYRLeD (ALEePUED S0l Uil onts diachosed

117 ateﬁ?‘applicatlon n. ( By adopting this  solution,
the w nERTDSS CBTTRRAT 17 oIS BEBETR P tbr 0 et b gs ah Sty =
wi ndi ng of the rope 4. .

wind system 1 at rest. To allow a recovering system 8 to house many trains
3 of kites 2, it is further necessary to provide each recovering system 8
with an automatic storing system (not shown in the Figures) through which
it is possible to recover or takeoff in succession many trains 3 of kites
2 and orderly arrange the trains 3 of kites 2 inside the recovering system
8. Such automatic storing system is composed, for example, of translating
shelves handled by belts and is driven by the smart control system. The
shelves translate remaining parallel and describing a closed path in order
to allow a quick succession of landing, storage and takeoff operations of
the trains 3 of kites 2.

Similarly to the solution characterised by placing the recovering
systems 8 on board the modules 5 of the wind system 1, making the takeoff
and recovery of kites 2 easier can be obtained with jets of compressed air
suitably blown to expel and handle the kites 2 without needing contacts.
The devices for obtaining this artificial wind thrust are arranged on the

length of the recovering systems 8 and the manoceuvres are controlled by

the smart control system in order to realise an accurate and agile
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WO 2008/ 120257PCT/ | T2008/ 000089 The nodules 5 of the wind s
equi pped with electric notors that al so operate as generators an

ystem | are
d wth

gener at orw02008anaisor 21 that al so operate as notors. PCTTONBO®D@®08Y | C

notors are those through which the actuations of w nches 24 and
the driving nodules 26 of the ropes 4 occur. In particular
rope 4 the wind system 1l is equipped with three electric notors:

28 responsihle for .rotat] t he wi nches.24 of the, w nd
SySte”‘Eﬁk&ﬂn@héﬁ%&%§'iﬁh22 Wﬂ%brggégﬁéé%%ngﬁgée %%QthgV%ggqu

_ or rotating t
of the storing system 23 of the rop

25 and of
, for each
a not or

0 nﬁkie@g -

e W nc

recovering the train 3 of kltese2aﬁThrough these devices, it is in fact
possible to create artificial air flows with which the drivability of
kites 2 is guaranteed when kites 2 are next to the recovering systems 8.
In case of ground recovering systems 8, it is possible to place a
disappearing guiding system (not shown in the Figures) next to the end of
the recovering system 8 through which the train 3 of kites 2 passes to be
able to be rested onto the platform. Such disappearing guiding system must
facilitate the landing of the train 3 of kites 2 onto the recovering
system 8 and is composed, for example, of a pair of rods placed on the
sides of the recovering system 8 and in front of it. The rods are lifted
almost in a vertical position in the instants preceding the landing step
in order to contain the possible flagging of the train 3 of kites 2 and
address it towards the recovering system 8 opened as a platform. Also such
disappearing guiding system is driven by the smart control system.
Sumarising, by placing the recovering systems 8 of the kites 2 on
the ground, assuming that the wind system 1 1is equipped with two
recovering systems 8 for each train 3 of kites 2, the kites Z recovery
operation occurs in the following way:
- the ropes 4 connecting the train 3 of kites 2 to the trolleys 11 of the
wind system 1 are rewound in order to take the trains 3 of kites 2 next to
the trolley 11;
- the disappearing guiding systems are actuated and, through the
rotation-translation and housing movements, the recovering systems 8 are

lifted, upwards slanted and opened as a platform;
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a notor 30 responsible for translating the slider 27 of the driving nodul e
26 of the rope 4 (or the trolley on which the winch 25 of the storing

syst em 23wof20ae02s0pes 4 i s assenbl ed). For novi ngctrheoesradoopgrt 10 of
t he recovering systens 8, every nodule 5 of the wind system 1 is further
equi pped with a hydraulic systemthat actuates the hydraulic cylinders 32
or with linear electromechanical nodul es. Each of the notors 28, 29

i vi ng” mE GTEERGTOF nET GBEL 5 Br GUor & PadceYS For” exantl TP RS
Genet at GREUaHt Ui NsbBsbIo o 61 pOdHLES GHEGEF | EEGothrDagh TS oo (28
connected to wi nches 24 of the wi nding and unwi ndi ng system 22 of the ropes
4, by eXphuitiimyltarequsiet Festask entedtiy qdeerpansdng plelQrBsSw HeHes 24.
The electric WD 2008/ 120257PCT/1T2008/ 000089

outside the closed path described by rail 6; and

- the recovering systems 8 are closed again and made rotate-translate in

order to be arranged next to the ground.

If each recovering system 8 is aimed to house many trains 3 of kites
2, the recovery operation does nét occur simultaneously for all trains 3
of kites 2. The wind system stroke is stopped in order to allow landing a
number of trains 3 of kites 2 equal to the number of recovering systems 8.
Now, through the automatic coupling and uncoupling system, the ropes 4 are
uncoupled from the landed trains 3 of kites 2 and the automatic storing
systems recover the trains 3 of kites 2 making available free flatbeds for
landing the other kites 2. The wind system 1 starts again and the modules
5 uncoupled from the trains 3 of kites 2 go on travelling on the rail 6 in
order to allow recovering the trains 3 of kites 2 of following modules 5.
After all trains 3 of kites 2 have been recovered in corresponding
containers, the recovering systems 8 are closed again and lowered in order
to be arranged next to the ground.

The kites takeoff occurs through the same sequence of operations,
but performed in a reverse order. With reference again to the case in
which each recovering system 8 is aimed to house a single train 3 of kites
2, the recovering systems 8 are lifted, upwards slanted and opened as a

platform. The artificial wind thrust devices are then actuated in order to

expel the trains 3 of kites 2, and the modules 5 of the wind system 1
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notors are controlled by the smart control system and those correspondi ng
with the sane rope 4 of the kites 2 nust operate in synchroni sm I n
order to woadezeomsectricity by exploiting the tracti onprofi/ITthies/nwdss es 5 of
the wind system1 by the kites 2, the solutions that can be adopted are
multiple and al so depend on the node with which the nodules 5 translate on
the rails 6. The production of electricity can occur by neans of

t / not 20_direct]| t ti foth
i ough TER Tha "Aoft b8 B2t K VIERE Syt B L Order Ght e o1 Gare rai

6 (or actuated by the rotation of the wheels 16_of_ the trolleys used for
ener gy EBHEEY sPFIrating atashelaypdul yhetaradgs ¢ 1t Eﬁ%?ﬁj@t taoﬁ%l]t?ﬁ‘%lbreeze

el ectricity can al so occur by neans of generators 21 actuated by the

rot at i ohhaf afldorhdédewkidess 2180 tasaendol | on at | east one rack 15 placed on
the classic rail 6 on which the nodules 5 of the wind system1 travel.

The energy productean eah Feoaldrynocnstebys usi agmedvier Sobse nmaygnetdias| fnear
notors, so that they operate as generators. In railway transports with
magnet i gr | pMidsabi, oBimtike 1 agoetiec Inapiisiserpandl st tuhac thkenfdr stes esbauos
only for levitating a convoy but also as neans of |oconotion. In

parti cukah, thReQider AR MVE 3a8RAVIY candkites brakhngnis, chee t hervamgnati
| evitation transport a synchronous |inear notor is used, that operates as

Che. 1 ai FeCRbEbro B BT of o Hot o pr 84000 ot Br o honanene: “but TaCTfnaay

gener at M 0T Rg HEGTR e TIELHD ViP5 D008 30987 PCH | T5008/ 040080
coupled with the trains 3 of kites 2 that must takeoff. After the kites 2
takeoff, the modules 5 coupled with the trains 3 of kites 2 advance on the
rail 6 in order to allow coupling the trains 3 of kites 2 by the following
modules 5. After all the trains 3 of kites 2 have made their takeoff, the
recovering systéms 8 are closed again and lowered in order to be arranged
next to the ground.

The . wind system 1 according to the present invention further
comprises at least one transmission system.

The transﬁission systems are the components of the modules 5 of the
wind system 1 that drive the ropes 4 between kites 2 and systems 22 for
winding and unwinding the ropes 4. The transmission systems are composed
of pulleys assembled on the modules 5 of the wind system 1.

Fach module 5 of the wind system 1 is equipped with a transmission
system in which there are preferably two rows of pulleys, one for each of
the two ropes 4 with which the kites 2 are driven. In case of use of a

single rope 4 as interconnection member between module 5 of wind system 1

and kites 2, each module 5 is equipped with a single row of pulleys.
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interacts with el ectromagnets placed on the rail. The magnetic field com ng
fromthe convoy induces, in rail electromagnets, an electric current that
oper at es WY 20@pebisTng the i nducing field. This generat eCa/Iimog/aoonsvat
pushes the convoy in an opposite direction to the magnetic field sliding
direction. The sanme principle can be enployed for magnetically
converting into electric energy the nmechanical energy deriving fromthe

draggi ng effect of . the kites 2 on_th e f e W - n
particul ar, f}hee pH%%i%YSe?rgs%?tt ee\"/i\nc%gtrrs%gﬁ'{esnﬁ O%cg Séne 8%?%p§é§\%\n§ﬁ]mtg

per manent magnets (that therefore do not need to be supplied) possibly

hel ped BYUsGpEPEIAEECt or -t ype sol enoids (that require relatively few
energy) and it is possible to place on the rail 6 nmetallic w ndings that
oper at e-asthel petivyivaghetsserbhedl o rdiengsobley &fi EdIspcareahged ST t he
per mmnent magnets, when the nodules 5 translate on the rail 6, induce
cur r ent systrernt héssheekettds @magnet s. Such i nduced currents partly generate a
magnetic field that is opposed to the inducing one, determ ning the

| evi t at Fonhef rihel modubes B, danectiar thystarsantdietd ritet moduliché cbnwier siiod of
mechani cal energy into electric energy. In particular, the nodul ar

conposi rsi,%mofl;the per manent nmagnets and the respective nagnetic circuit
faced on"the rail 6 and on the nodules 5 takes to a continuous variation of
i nduced _f | in [ a L.0R,,of ; i egpect
to the raiﬁ%\QGSH#ﬁgg’eE%eno%v%\%géi%]fittg%sgfgﬁ:% %gﬂ%]?iagtsg??lcmg? F ismgztfrogcmlé;”r}tc))%aik{saglﬁy
coupled with w n4di nag. ford §oi| ecting electric energy. These w ndi ngs can be
i nterl ofRedPESa" PoletC &%ttt BHi cs that change their absorption in a
controllable and quick way. In this way, the system becones ap actuator
that can iEeyehaYs iePTB08Pa130 257 PR 155068/ (%60@1591%8& Png°Pie *
forces in transients dynamcs. This characteristic allows realising a

vi rt ual memeenaerbalivat can absorb possible fluctuating or oscillating energy
excesses of the sliders equipped with permanent magnets, in the nornal
directien tthe phelgsané efsdiidedi pngajpiders of e drerhegewdudesnet soiwithh

whi ch the nodul es 5 nust be equi pped can be, for exanple, neodym umiron
boron magnet 8. (SuChorBgRet s1ad«e the. best candidate for obtaining a w de
enough air gap and intense nmagnetic flows. The nmaxi mum capacity of the

sliders equi pped, Wi tdF ReEMRRER MRENEkSsi 31 BoctdRm ababhe §asedrar eanand
t akes advantage fromthe magnetic repulsion that changes with the square of

t he di stapce. rd.si - i I.tati.gn

per manoRio et S5 AN | G EAE o gl Tt F 56 Va hingfat 18R
subsystem the _suspension af the nodules 5 with |l ow frictian | | di of
t he ?rodﬁV%%e“SOFsﬂieﬁgrlE?%&e TEx PR eF'19 &tﬁ%{ pé’ra%%ie%san%o%%rp V?IIC% ﬁoét)ﬂ the
weari ng merrbersl), el ectric_generation (that occurs direct lﬁé i ri rail 6) _.and
ener gy abebiept L brPfothpdredupfed doet FadtoRs ARd PRREuat PoRLoBt PHERST Cder s

equi pped wi th permanent magnets under the thrust of the nodules 5 (and

t her ef opeldyst hengsisiag chadanseidsipe ststget dgrengds) obviously, noprider tiolley
prevent risks of drafting of the sliders equipped with pernanent magnets,
the typelofdizdpport connection has two degrees of freedomas a ball-type
articulation and pushes in a barycenter area of the slider. In this way,
only stresseshal qrgdt Rgssém dilngadticrachd oRoarthet rgnsant t ethvettiase fusmmsver se

and those planar or nornal to the air gap pl ane.
comprises at least one system for absorbing the force peaks of the ropes 4
(not shown) .
The systems for absorbing the force peaks of the ropes 4 are the
components of the wind systelﬁ 1 that compensate the sudden load variations

of a small entity that the ropes 4 do not succeed in absorbing. The

systems for absorbing the force peaks are placed between the systems 22
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As regards the energy conversion, there are four configurations that WO
2008/ 120257PCT/ 1 T2008/ 000089 it is possible to adopt for the wind system 1
of the prweents/izmsenti on: the nodules 5 of the wi nd sysCenrdos/o@oe on
classic main rails 6 by neans of wheels 16 and 17 whose rotation directly
actuates generators 20 for producing current. The wheels 16 connected to
the generators 20 are those on which the nodule 5 weight rests. Such

configuration can be adopted only if the rolling fricti h wheels 16
i s enougft t%ngb?%élpg ?%“&éﬂ%rtﬁ’teo@p%? arfcﬁé:kqﬁo uﬁogggé%%ygﬁeeﬁv%nd system 1
travel on classic main rails 6 by neans of wheels 16 and 17 but the
producti on ofheuri@nt SYEEER s InedFHOFIBRY adPudtenPGERaF at SVE" S ofifecPEd t o
t oot hed wheels 18 rolling on at | east one rack 15. Even if_ in _such

conf i gueatipprdt héos mestthoMheetishl Ghao SYFE efdor dRPIBipHoERe f EPets diF%Bhey
are anyway connected to notors 11 that, as explained bel ow, are actuated
upon st atfédmgetihe ini nhreysteshyinéoriosedr t Thgtiap t hmtepdul eppbicatden ndtors
11 can be used as generators when the wind system 1 operates, exploiting

the rol bbadanbeddion bet weesh sresttenebeelas 1Ife anddel d88i & radte 6detaiied
nodules 5 of the wind system1 travel on rails 6 that are a conbination

bet ween_a. classic rail and a magnetic rail, by means of wheels 16 and 17
t hat exclusively performthe support function. The production of current

occurs by USE?%%LEX Lﬁ%glga%?Q$ﬁ£éﬁ;&;ngﬁ&m%9ﬁ§ﬁ§m %Qf&@%kakgﬁﬁ epRiAke as

generators; O ~the wind system1l travel on rails 6 that are

magnet | 21 uPHdEH oRoT S SRot  SEeBPen e areaead B Eh Wieebret 18 R

ensure keeping the air gap. The production of dc%rren:tsuiot%%%s ubféel.Js(iergche
and able to vertically translate, constraine y a g
pulley a rope 4 is wound, with which a train 3 of kites 2 is driven so
that it is the rope 4 tension that keeps the counterweight lifted. Each
module 5 of the wind system 1 of the present inventiog should be equipped
with at least one system for absorbing the force peaks for each traction
rope 4 with which the kites 2 driving occurs.

The wind system 1 according to the present invention further
comprises at least one system for fractioning the ropes 4 (not shown).

The systems for frictioning the ropes 4 are the components of the
wind system 1 that block the ropes 4 when there is no load and contribute
to compensate the sudden load variations of a small entity that the ropes
4 are not able to absorb. The systems for frictioning are placed between
the systems 22 for winding and unwinding the ropes 4 and the recovering
system 8.

The systems for fractioning, of which the wind system 1 according to

the present invention 1is composed, comprise, for example, a pulley

constrained to a linear guide. In parallel to the translation direction
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WO 2008/ 120257PCT/ 172008/ 000089 reversi bl e magnetic |inear notors, so that
they operate as generators. O the four above-descri bed

conf i gur avpanes/1203506se t hat provi de for the use of rever PCHITE2008/000089 C

| inear notors are those that ensure the delivery of electric powers of a

hi gher order of magnitude. The devices that take care of generating
electricity, being rotary generators/notors 20 or reversible linear notors,

are used _as t,or s._.upon. ting. th 1 t i n.Or 0 a nece the
o v th Tlé%a%gh%ﬂ%ie & V\g%}ﬂ%%aeﬁs?z%?g Ns %%Ee&, adyange

modul es™ 5> A g€nerate a réeze t he covering systens
8 in order to favour the kites ascensign. 1f . the dul es.5_of e w.nd
systen1Toﬁﬁéahﬁ?jﬁﬁ?ﬁaF?ya%dﬂﬁ%gPegh?H?Hﬁﬁﬁ %@%fF%Fgﬁade$£§Fb?%§sC%ﬁ% ure
12, another circunstance in which the generators 20 are used,a§fg?tors is

when, dGEPHEYt bk Wonheyedéay B 6pee &t ilsn"ouke WEYyyPAG: & &0 He tkPt es
2 is mssing. In such case, the nodule 5 of the wind system1 initially
goes onZ2aitlvahdiveny dvy thaer dug. to ftheheopsreh ttepeiy okhe yaréRY dbe $ORBECSPEAage
to restore the dragging effect shortly, the generators 20 are actuated in
order tuwhepes aieidas Mmeidoracaset becurdulne thegoes dn advianiiadg inttdeset is
conpelling the followng nodule 5 to slowdown its own travel. The

smart cgattih 1§y sdeBhistddhepsystem spf Dugh cohb:dastifie. kiThes @aiar efunction
automatically driven. The main task of this conponent consists in driving

the operati f 2 1291 &onBerb R 0chhe sek nohes oddi@ndnds of
t he mﬁnggﬁgﬂgﬁg %%Gfﬁg?%§ﬁ§§§?%ﬁggggggﬁg'gf theestgrins systeng Zgﬁgf t he

abpt ed T Be "B GREGH, ol Ot K o Loy SPagy Syt S B of e Ri1 s g, e

adapt ed i en € recovering systéns ites 2.

Qbvi ousl vy, each train _ of kites 2 is driven inde que lY fromthe o%her
ones, aVofdiMGTEhat 19 ﬁ@ﬁ? Pht €T éFBRces eéfnr88%u$.l Sﬁ@% s compressed by
2008/ 120257PCT/ 1T2008/ 000089

the spring between the frictioning system pulled and a second pulley.

Fach module 5 of the wind system 1 of the present invention must be
equipped with at least one frictioning system for each traction rope 4
with which the kites 2 driving occurs.

The wind system 1 according to the present invention further
comprises at least one winding and unwinding system 22 of the ropes 4 (not
shown) .

The systems 22 for winding and unwinding the ropes 4 are the
components of the module 5 of the wind system 1 placed between the systems
for frictioning (or the systems for absorbing the force peaks) and the
storing systems 23 of the ropes 4 mentioned below.

The wind system 1 according to the present invention can be
equipped, for example, with the same systems 22 for winding and unwinding
the ropes 4 disclosed in previously-mentioned Italian patent application

n. TO2006A000491, and to which reference must be made for a more detailed

explanation.
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The smart control systemof the wind system1 according to the present
invention can preferably be |ike the one disclosed in previously-nentioned
[talian paOenes/amsri cati on n. TO2006A000491, to which r @EAENOR0G0EX be
made for a nore detailed explanation. Synthetically, the main
functions performed by the smart control systemare the foll ow ng:
automatic control of the flight of kites 2; self-calibration of the

sensors as e t@lmgn&al fékg\g&& ﬁfgd‘l% eélg')@t H%Jﬁl dCQyéﬂeﬁll NSy b&%ﬁ@? 04 kjikgs 2

an o%her flyi'ng o tron o vi ng nodul es t he ropes

0,0 e e Lo Lol ing, he waches 5.l e Bt ting Syl

4 around which the pair of ropes 4 of the corresponding train 3 of kites 2
are wound. Fach rope 4 exiting the frictioning system is wound around the
four corresponding winches 24 of the winding and unwinding system 22,
after which it proceeds towards the storing system 23. The systems for
winding and unwinding 22 are those that support the whole ropes 4 pull.

The four winches 24 around which each rope is wound are arranged on
two levels (two at a higher level and two at a lower level) and have
parallel rotation axes. Every rope 4 on average is wound on each of these
winches 24 for about three quarters of a circumference. Since there are
four winches 24 for every rope 4, the global winding of a rope 4 on the
winches 24 of the present system is equivalent to three complete windings
of the rope 4 on a single winch. The four winches 24 on which the same
rope 4 is wound are connected, for example through gears, to a motor 28
(by possibly interposing a reducer) whose actuation is regulated by the
smart control system. It is by means of these winches 24 that the kites 2
driving occurs. An alternative solution (not shown in the Figures)
consists in using a motor for each winch 24. To simplify, herein below
reference will be made to the case in which the systems for winding and
unwinding 22 of the ropes 4 are equipped with a single motor 28 for every
four winches 24 on which a single rope 4 is wound.
Friction between each winch 24 and rope 4 can be increased by

suitably shaping the surface of the winches 24 in order to house the rope

4 increasing the contact surface between rope 4 and winch 24.
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The supply system conprises all necessary conponents for accunul ating and
delivering electric energy. In particular, the wind system1 is equipped

wi th powewo=ogl2023, transformers and accunul at ors t hr okgh/Iwtnog/boovsvse
produced electricity is stored, current is delivered to notors during the
starting phase of the nodules 5 of the wind system 1 and for recovering the
kites 2, supplying all electronic conponents and providing electric power
to external ers. _Even if _the erati f.allk_e r,oni S+ Qf
the wind sys#@fﬁyf FLCEoREr bi'F ea&%grﬁtjt%eggrr%r?ﬁggﬁt%%% Sél)’/SEL gmﬁo%ggﬂ%hgg
present invention further refers to a grgcess faor ;r)Froduc.i ng electri . anergy
t hr oughdaf iHrRAt§3et BRT oRghpess O§ukhS SHESRTS BEIT T HogEn S te 'Process of
the present invention, that integrates WD 2008/ 120257PCT/ 1T2008/,0000%% t he
energy tonwepsiensipebcedsciasm ingd BHELEIN t BEVERY r FP%endr §Y9efabtRd
through the wind system 1 of the present invention, conprises four steps

t hat ar pregeelioaldoyparépadcedtavhiey syrEemsndB.syst em oper at es. Wth
reference to a single nodule 5 of the wind system 1 and hypothetically
assum ng t hatntheedoregdd of al sirglehradle Wi ad Widrowsnectioonsddetr agtdveehat
the rails 6 and 7 describe a circular path, during the first three steps of

the proggss A6cof jiRE &Rthel pRSfited RYEfHd QAndide ahaansliatian sebtdnhe?
nodule 5 1s due to the Wind energy subtracted fromthe wind Wby neans of

the traip 3.0f kiles 2.copneptad,i Sugh oIS e They STRIL ALiAl st em

t her ef or'e ive Ites so that the wnd energy that it is

possi bl e to subtrac owndis ximum. conpati b 1 t eed

keepi ng SPREYEPES Oft ﬁberfﬂ]ﬂ?qﬁg %rbr%él%]rner&tngna%sn elma?%té(;)\f Hrk:lg ?%f% g uritrklls t he
whol e step. In fact, the nore tangential %he ropes. 4 are to ;he rail 6, the
gr eat er 1NSTtike Afsethf BHHPSneht Obf CEhe "t BYTHFT ot ce 5 r2galdE nakd ¥ ng
the nodule 5. The fact that the ropes 4 are kept tangential to the rail 6

i mpl i es cohatmptthen gwrtr ofadysgemedeyse®-t he train 3 of kites 2 in order to
mainly exploit the lift force, nanely the force conponent perpendicular to
the wi nd speed.misn blismaaperdchehkt ttdée Qistdvahten deitngen s feepisigtethew nd
front surface. The w nd then advances the kites 2, tensioning the ropes 4

connect gyt grdhiggmegutas 23 ofort hghaninegesyst em hadé hhscelsaggi hy elid epteat
determ nes the handling of the nodules 5 and the production of electric

ener gy qgn&g@?r&% ofc genet atos 20-andeghinadtear t&ftHehei @y er. ssihadmag neid:c
| i near notors. The fourth and | ast step of the process according to

the pr egant, isq\lllgfet i v(v){]nd.hnsiloq:a%a%ﬁc%[aﬁe i t(%r%%@“%@ﬁa@irn%a-boIﬂea§ MBfiving
cont rol “SyS&t &m -
system and as storing system), the rope 4 would be completely wound around
the winch drum, forming many layers and at the same time supporting great
loads. Such situation must be avoided since frictions that would be
created due to sliding between the different rope 4 windings, would wear
the rope 4 at such extent as to impair its mechanical properties.
As alternative to systems for winding and unwinding 22 of the ropes
4 of the “four winches” type, it is possible to use, for example, a single
winch for each rope 4. In such case, the rope 4 is wound around such winch
by performing only a limited number of revolutions (a number such that

there is a single layer of windings) after which it proceeds towards the

storing system 23. A second alternative consists in using devices equipped

53



WO 2008/ 120257PCT/ 172008/ 000089 drives the train 3 of kites 2 in order to
qui ckly cross such area w thout producing any braking effect on the nodul e
5 of the wOnredosgpeszsem 1. I n particular, not only the smaPCTATIN8/00008%ySt em
drives the train 3 of kites 2 in order to follow the translation of the
nodul e 5, but a dragging effect fromthe kites 2 is still present (even if
scarcely efficient). If the nodules 5 of the wind system1 are nutually

connect ed .t hrough a_systemof tie-rgods « Lh e f ' :
dr aggi n§- &t fae&aqirs okt ixffaizeﬂgonrt_'ersaecntS Hrngf\l/lindjevﬁam}&oﬁ}fér?goﬁei 24n SOQLE] ﬁ%ﬂae%atr?ggkr}ent
of the npdule 5 that is in this step of the operatjing cycle., If instead the
modul es@5-PETHGt SPdYLEMSy teomaﬁvggef#ﬁ%a@%ecg %9@%@%88%4 PRUNERE Sppten
during such step the advancenent of the exam ned nodule 5 occurs above all
by iner22aof the romgs H paret peyvay dHerepwascdnt dtalign PateHataPphovR-1gn -
potential path described by a kite 2 during a cycle of the process

accor di i aleAM@E Pr.esent i nventi on and supposing that the speed direction W
of the wind and the translation direction designated by arrow R of the

nodul es 5 arenkepindoBstesnt , 1f aedsrtdthd heo atthentpreseon ansémgloa nbduher5 of
the wind system 1, the four steps conposing the process according to the

present chiyents ot 1E8sPReEI ¥eiM ndesiarat £d Jry tasheds souabesstawnp, ¢ and d
delimting the various space areas In which the kite 2 is, depending on the

wind curr entTﬁ%(.rset%trléngr %[)%éeﬂ% 18N Jet +h8 F?ﬂ;@' $£0, r AI A% hBblNE! _o@?j@%éi ng

such step the kite eds transversa with respect to the wn

direction ( re a in Fl 21).. Th ind the | ows transvers i
respect m?%u\i\{ehgﬁ&g‘ﬁc@%jnts Y ﬁmeg‘:[t Hot %fa W? he 'Ki Te S%o “The tl%né?l%so %Eetge
unwound sections of rope 4 increases since the kites 2 nove away fromthe

nmodul e 516 £he wi nd system 1. Afterwards, such step proceeds simlarly to

WO 2008/ 120257PCT/ 172008/ 000089 _
The wind system 1 according to the present invention is equipped,

for example, with the same storing systems 23 of the ropes 4 disclosed in
previously-mentioned Italian patent application n. TO2006A000491, to which
reference can be made for a more detailed explanation.

Synthetically, every module 5 of the wind system 1 is equipped with
a storing system 23 of the ropes 4 comprising a pair of winches 25 around
which the pair of ropes 4 of the corresponding train 3 of kites 2 are
wound. These winches 25 are connected, through a pair of reducers, to a
pair of motors. 29 whose actuation is regulated by the smart control
system. Similarly to what has been previously stated, in case of use of a
single rope 4 as interconnection member between a module 5 of the wind
system 1 and the corresponding train 3 of kites 2, the storing system 23
of the ropes 4lis equipped with a single winch 25 connected, through a
reducer, to a single motor 29. This reduces the encumbrance of the storing
system 23 of the ropes 4 and the inertia of the module 5 of the wind

system 1, with a lower energy consumption upon starting the system.
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what is disclosed in previously-nentioned Italian patent application n.
TO2006A000491, to which reference can be nade for nore explanations;

ho) dur i ngweure#s/v®p, the kite 2 proceeds al ong the sanePdTAE08/00008Y i n

whi ch the wind blows (square b in FIG 21). In such step, the exploitation
of the lift of the kite 1 is summed to the resistance one. This makes the
kite 2 speed greater than the wind speed Wand, in order to exploit the

dragging effect, it.is necessary.tq pa i t hel Di1SRIbe of
such recover@?e 558ﬁl%rs?'ﬁée%?§ g enﬁf8 %}hgecy gégegmg%qga{ggn%gglgég g%“s‘?i ?}% b
Afterwards, also for this st,eg tge statenents ar e val ig %ﬁlat .haﬁ/eS l%%egf
descri b&d FUhpret®buding- ReMticongl T FPER pateHtd i Eat o R<"e
T0O2006A000491, to which reference can be nade for nore expl anatians;

c) si ni | B¢ stopinhayseaeurs dumush teraboietoet ePsEPpsthadt epn 8 getected
transverse wind, in this step the kite 2 is taken to transversally proceed
wi th respetie teedthiensi ofl dipeect i ownW Esqtibe ewindhesFRG of1YhandindHadg| éngt h
of the unwound sections of rope 4 increases since the kites 2 nove away
from t henB@iuhg Syfembhe2 wi Tiebreystemuherdf tier wapds, 4 alewml fior grhaterst épet he
statenents are valid that have been described in previously-nentioned

| talian,palentrapphdicRti 8A the TAABAGAGQ0481sudt0 thalChhe ef@ie@ndeatamdvermade
for nore expl anati ons; during this step, the kite 1 proceeds al ong an

opposi t grr?aimr Eﬁt QN WLt BT RePECta st he, vl ngl.,one CaayasewthdiesFIZG 21l)kneThe

smart contr systemdrives the kite 2 in order not to generate any braking

effect since, it perfaorns,.a sudden, nanoeuy efli " azi t 'é " -t hat
consi st §'9g aﬁ?‘gei?st Eghs?rﬁ SPBRt B %r{ rogn%g??g?r%%% \%hillc the
kite 2 t s i ir f di st I t | t th t.i t.h

af f oct eds V12008 T30 25 7P P30087 GUGREGS 25 conposiig the' Storind®Systdfis

23 is greater than the diameter of the winches 24 of the -winding and
unwinding systems 22, in order to minimise anyway the amount of winding
layers. The smart control system therefore has also the purpose of
synchronising the rotation of the winches 24 and 25 of the winding and
unwinding system 22 of the ropes 4 and of the storing system 23 around
which the same rope 4 is wound. This is fundamental for managing the load
on the section of rope 4 included between the two systems 22 and 23, above
all during the steps of starting and stopping the wind system 1.

Since on the winches 25 of the storing systems 23 of the ropes 4 the
windings are on many layers, next to each winch 25 it 1is necessary to
place a driving module 26 that forces the rope 4 to an orderly winding on
the winch 25 and prevents sliding between rope 4 and flanks of the winch
25 .and between the windings themselves. The driving modules 26 of the
ropes 4 are the components of the modules 5 of the wind system 1 that
force the ropes 4 to an orderly winding on winches 25 of the storing

systems 23 and that prevent sliding between ropes 4 and flanks of the
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arc of circunference in the time in which the nodule 5 of the wind system1
travel s along such arc. The kite 2 | oses hei ght w thout opposing in any way
t he transwetoemn2efs7t he nmodul e 5. During such step, it | CHATHOSANVYSY O
recover, in relatively short tinmes, a |ong section of unwound rope 4. At
the end of the azinmuth jibe, the kite 2 is placed in order to be captured
by the wind Wand proceeds transversally Wth respect to this latter one.
Also for this g];}ep t he st at enent ar e |id that have been described in
pr evi ou¥F5EIRENE? GREIPF T ah 5t gnY eéfﬁ VT4tion n. T02006A000491, to which
reference can be nmade for nore explanations; and e)cycli caII repeat t.he
preV| ous st epee fendevEpE ohAPE R d19 GHEoPTEHE tho: %‘V?rét@ LEng e ai |
As can however be noted, contrary to what is disclosed in Italian
patent &ppld:eablen with TOROGENG 084Ying alafudds t2P Chethf HPPey st shef 23P%hrfis
and rotating shaft, in which there are systens for accunul ating energy with
whi ch tbee\hmguﬂ—n@fnttdst&dmmumdu pectritopspbicatope b TO20¢E0804¥d 69 Wedhced
wi thout rotating the winches 24 and 25 of the wi nding and unwi ndi ng system

22 and ofrdhec st BY BBl €88 2a0eé ddtailapexpiandtiohhe wind system 1
according to the present invention the regulation of the unwound sections

of rope 4 chwél le% @@Stﬁéses@r;dw%§%@§l@$ 2@NdrE eomdbbd bt Be sWhdre 27

operating cyc i't es are driven in order to alternatively gain and

| h Thi h fi _th
ose Del gl TILS el %Sé Saddah8Ld Yirfl mgif‘efi DYep Lieehntealonasds sinaget he

fe sl translate with respect to the

kites 2.  Secandl t he conti nyous Iternatl ve n_be e e gai n
and | os¥ipgh §I558]¥é3??r 8%34@??86‘33&}% 858009 885y glri %atth |rrﬁpse|g\rll\g '?‘hlea %%gl%éy

t hat can be subtracted from WD 2008/ 120257PCT/|T2008/ 0000%2 the w @g}cﬂﬁ

fact, by7sieaplaga ksangisdef torithestire SEESCHIRRSpENR R PRAIEY HE KF 988 fe
able to develop is greater. Moreover, with respect to the wind s stem
Wi th ar weeash.r b giarngeslkeal t sofh ftralisan 2681’@@4%‘3 appAvesst Piirhnof winch 2
TO2006A000491, the wind system 1 according to the present invention is

i mproved in thetf®l dowing aspaess26 of the ropes 4, the translation of the

slider 27 occurs by means of an electric motor 30 whose operation is
regulated by the smart control system that drives the kites 2.

In the wind system 1 there is a driving module 26 of the ropes 4 for
every winch 25 of the storing systems 23.

As an alternative to the use of the driving modules 26 of the ropes
4 it is possible, for example, to place each winch 25 of the storing
systems 23 of the ropes 4 on a trolley that translates on a guide placed
in parallel with the rotation axis of the corresponding winch 25. Sliding
of the trolley occurs by means of an electric motor whose operation is
requlated by the smart control system. Also such solution is disclosed in
Ttalian patent application n. TO2006A000491. By adopting this solution,
the driving module 26 of the rope 4 is not necessary any more since it is
the winch 25 itself that translates in order to guarantee an orderly

winding of the rope 4.
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while the wind systemwith arnms and rotating shaft is characterised by a

central guide and the production of electric energy occurs by exploiting

t he tw stwogoesoizeasy generated on the arns of a turbine PgTRT200800008%e W nd

system of the present invention is characterised by a ring-type guide, with

at |l east one nodule that translates on at |east one rail, and energy

conversion occurs by exploiting draggi ng of the nodul es by the kites;

while in themu nd syst am L aipm Andesof aLEnGnShALh AihvngQfcths dbt es
y of rope I'n

occurs exclu5|v3P9 means : the w nd system of the present
invention driving of the kites can be, perforned also,thro paoi | er r
spoi | er §"pt &d&q fBB%ﬁHSﬁﬁaegﬁﬁﬁsk@F%g?aPﬁE%SF%?%ﬁ|%@f”&?ggi%bQ%%gdﬁégby
creating, by nmeans of spoilers, turbulences that give rise to pressure

gr adi enPBerasgchs dAt9Fhyg node i ntegrates or replaces the one provided by the
wi nd systemw th arnms and rotating shaft; while in the wind systemw th
arns and rot@té ngletalit tiwsocomponerthosar rtanged f vridt ofiig2EhEtEpRs Cand
driving the kite are in the turbine centre (and therefore far away fromthe
poi nt i pidrieah24 hedr pesdrdy ettanay i ¥ iranmbdielegr domet tbearapsst Aecddures), in
the wi nd systemof the present invention the storing systens for the ropes

are on boardipfpgachurmduler Bexh tdpet he thecomer isygtayst ens @fuippel kiittes.
The absence of arns confers to the wind systemof the present invention a

structurg due Lo wWhi ghedts.is WO 2008/ 120257PCT/ | T2008/ 000089 possible to
generate powers wth nuch higher orders of magnitude (for exanple, 1 GW

wth respect to p r _that..can I - i S i i and
rotating §h£¥%9rlﬁ¥$§%??n%k%%rg%%v§$£%?ﬁ§§%§yygﬂggﬁiQ?h§¥mfﬁgkgggggﬁﬁ%a
inertia and allows increasing the |length of the path described by the
nDduIesu&ﬂH“EBﬂs%ﬁﬁ@ﬁt#%fﬂ#Fgﬁ‘?ﬁ? gane di stance between a nodul e and the
foll owi ng one, the nunber of nodules wth which the wi nd systemis

equi pped: 2 MRhPF 29 AeERRNSADAE 595 rERR T Ich T nENERd 2P tatRGSSHANE BHEHi pes
for recovering the kites are fixed, in the wind system of the present

i nventi @4 ¢hehkitaper écoveri ng systens have the end part able to be
oriented, with the chance of rotating both in the horizontal plane and in
the verti calmdogne0 Thésorfsabléi fat esranbakiresheesbida My arfd thaudehiing
oper ati ons. As further proof of the high efficiency denonstrated by
the w ndogyst em aid thhe rBpecessoaces ding1ep dhewpicasent iiivent2omf ithel s

possi bl e to provide sone considerations regarding the power that a single
kite 1 is%o?ﬂlgesgl&e%u?gréftthgor$§$s wi f'éj-assembled) .
For moving the end part 10 of the recovering systems 8, every module
5 of the wind system 1 is further equipped with a hydraulic system that
actuates the hydraulic cylinders 32 or with linear electromechanical
modules.
Each of the motors 28, 29 and 30 could be interfaced with the
corrésponding winch 24 and 25 or driving module 26 of the ropes 4 through
a reducer, for example of the epicycloid type.
Since these motors 28 and 29 can also operate as generators, it is
possible to produce electricity through the motors 28 connected to winches

24 of the winding and unwinding system 22 of the ropes 4, by exploiting

the traction exerted by the kites 2 on said winches 24. The electric
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For such purpose, with particular reference to FIG 22, it is advisable
firstly to underline the system aerodynamcs. It is known that, when a w nd
current rwet2e08a2815at i onary aer odynam ¢ surface AS (i n EmgTirstoo8/eiongooi | "),
such current generates two forces: the drag force D parallel to direction W
in which wind blows and the lift force L perpendicular to such direction W
I n cgse of wi ndflam’ nar flow, the w nd currents AFl passi ng above the
aerodynanm ¢ surface AS ar upcker f i 3
since LHg rodre rvar Tt oY Hingurt arerinagl, SHEED A ese! a-Bs iy
2008/ 120257PCT/ 1T2008/ 000089 generates a pressure .decrease in the upper
part of WtHe %Pt & EndPhey eforte 515‘?%523@}1%@@955?{9%”& REL< i Ve ri se {)g t he
lift force L. Instead, with reference to FI G 23, suppose that hhe
kite AM can Bpverdgrong Phedyqef telpekeeigyr BEt PENDFLNDUE® & BAE BT et "Bf
such notion, the |lower surface of the airfoil section AMis slanted with

r espect mbauliche Swohdispeedd dystsuch agbe kitfas Por Elee Hvdubiey bree<aar &2
respectively perpendicular and parallel to the relative wind speed with

(r]I _espe;:_t aﬁ@ﬂeglea!.(é thnel.lthsé gmat khgp BiepbnSbnt hie frarceewpiar alhlieh the modiles 5
irection and wit

translate on the rails 6.

The production  of electricity can occur by means of
generators/motors 20 directly actuated by the rotation of the wheels 16
through which the modules 5 of the wind system 1 travel on the classic
rail 6 (or actuated by the rotation of the wheels 16 of the trolleys 11
used for energy conversion).

As previously stated, the production of electricity can also occur
by means of generators 21 actuated by the rotation of toothed wheels 18
that roll on at least one rack 15 placed on the classic rail 6 on which
the modules 5 of the wind system 1 travel.

The energy production can finally occur by using reversible magnetic
linear motors, so that they operate as generators.

In railway transports with magnetic levitation, the magnetic
repulsion and attraction are used not only for levitating a convoy but
also as means of locomotion. In particular, in order to move a convoy and
for braking it, in the magnetic levitation transport a synchronous linear
motor is used, that operates as electric rotary motor in which the stator
has been opened and laid along the rail. Rotor and stator do not produce a
torsion moment, but a linear force. Such force is produced by a series of

magnets or solenoids that generate a sliding magnetic field, which
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S2 the force perpendicular to such direction, the conponent of the lift
force L parallel to the notion direction has the sanme sense of the

transl at iwo 2068/2bas7ai rfoil section AM whil e the paral | elPCtanposiermvsof t he
drag force D has an opposite sense. ~ For this reason, as regards
keeping the motion in a perpendicular direction to wind currents, it is
advisable to slant the kite AMin order to obtain a high ratio between the

lift fo o} thi direction DI of the kite AM W th
respectif%rlg ﬁ?d‘?gg{f%lre?gggrgar%%%g%%%d d% %Ef%esr?qc:bn@iledeﬁqr}e As trl\é\iélltsol
valid f .every single kite 2.of the wnd system 1. e smart contro
system ?gnmf]gctf%a?i \Fglg SAEROKi t899°5% otberath REEPPRRIVEET 0 Pet WEEHTIF f t

force and drag force high during the steps characterised by a high dragging
ef fect TYERe Withy RPERLSD bY| FeRethng wag, 1rdwsirgt &1z odbis | ganersiepi ng

the wind front and generating power due to the ropes 4 pull. WO . _

2008/ 126257 PEiray F0Gbe8gonvoy IFhearpowmers e ediateetidy o sireglregketes 2 is
computed by nultiplying the specific wi nd power designated as Specific Wnd
Power biietliesfidéng diiredtaorea i ntercepted by the kite (nanmely the kite area)
A and by the Kite Power Factor KPF, a performance coefficient that depends

on ratio Vk/Me betewennkigle spaesk \dnpabfedVifd $R9R4 Va1 ANEcARtMRy into
coefficients Ka and Ki.
electric energy the mechanical energy deriving from the dragging effect of
the kites 2 on the modules 5 of the wind system 1. In particular, the
modules 5 of the wind system 1 can be equipped with permanent magnets
(that therefore do not need to be supplied) possibly helped by
superconductor-type solenoids (that require relatively few energy) and it
is possible ‘to place on the rail 6 metallic windings that operate as
electromagnets. Such windings are suitably arranged so that the permanent
magnets, when the modules 5 translate on the rail 6, induce currents in
these electromagnets. Such induced currents partly generate a magnetic
field that is opposed to the inducing one, determining the levitation of
the modules 5, and partly are the fruit of the conversion of mechanical
energy into electric energy. In particular, the modular composition of the
permanent magnets and the respective magnetic circuit faced on the rail 6
and on the modules 5 takes to a continuous variation of induced flow
during the relative translation of the modules 5 with respect to the rail
6. These flow variations in magnetic circuits are profitably coupled with
windings for collecting electric energy. These windings can be interlocked
to a power electronics that change their absorption in a controllable and

quick way. In this way, the system becomes an actuator that can intervene
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Coefficient Kd refers to drag, nanely when the kite pulls the ground
constraint with forces and speeds along the wind, while coefficient Kl
refers towbizbes/12o0mmel y when the kite pulls the ground ceaIaT2008000089
oscillating in order to sweep the wind front surface. Due to the lift, the
kite speed is nmuch higher than the wind speed. The kite power is as higher

as higher the lift is with respect to the drag. As an exanple, we can
suppose_t h / = , Kl =1 id,. = In s C =
would 08 ofr el T heB i TRt ey il BB o

1.225 kg/.n2, the specific, power generated by w nd eci fjc Wnd Power
woara BRI e R ot o 2 S el e rBh Soh il g B hd

The power that can be generated (KitePower) by nmeans of the kite is

expressed BFHLhetFYl | BRrAY FEEerAss: i tidPove i SRFF* SPEEPEH c W Rl Peweizaant

If, for exanple, a kite were used with a surface of 18 nR2 pushed at the

speed ofagdetsq sinbyha rwirndl biiowichgprattobtirg plandeofpoerairhgepit is possible

to generate at rope level would be 47628 W Such power therefore would

correspond tThet bermmdannumagener wittatvhi bie et eo@uies &bhest doegenet@ied. can
be, for example, neodymium iron borén magnets. Such magnets are the best
candidate for obtaining a wide enough air gap and intense magnetic flows.
The maximum capécity of the sliders equipped with permanent magnets is
function of the faced area and takes advantage from the magnetic repulsion
that changes with the square of the distance.

Summarising, the use of magnetic levitation through permanent
magnets allows joining three functionalities in a single subsystem: the
suspension of the modules 5 with a low friction (sliding of the modules 5
is therefore extremely efficient and can occur without wearing members),
electric generation (that occurs directly in rail 6) and energy absorption
of possible oscillations and fluctuations of the sliders equipped with
permanent magnets under the thrust of the modules 5 (and therefore of the
stretched flexible structure 12).

In order to prevent risks of drafting of the sliders equipped with
permanent magnets, the type of support connection has two degrees of
freedom as a ball-type articulation and pushes in a barycenter area of the
slider. In this way, only stresses along the sliding direction are
transmitted, those transverse and those planar or normal to the air gap

plane.

As regards the energy conversion, there are four configurations that
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WO 2008/ 120257PCT/ 1 T2008/ 000089 The val ue assunmed by KPF anyway
depends on the kite 2 efficiency. It is possible to nake KPF assune val ues
greater tweromd201s7, for exanple, KPF assuned a val ue e®UaUIT2008/4@)s% he

maxi mnum power that can be obtained. froma kite 2 with an area of 18 ni
woul d be 95256 W WO 2008/ 120257PCT/ 1 T2008/ 000089 CLAI M5 1. Wnd system (1)
for converting energy, characterised in that it conprises: at |east one

i 2k adapled 19 DS LYoo CRD MDY IS Sk Alsch Rt AREAY N
- the modules 5 of the wind system 1 travel on classic main rails 6 by
means of wheels 16 and 17 whose rotation directly actuates generators 20
for producing current. The wheels 16 connected to the generators 20 are
those on which the module 5 weight rests. Such configuration can be
adopted only if the rolling friction of such wheels 16 is enough to
actuate the generators 20;

- the modules 5 of the wind system 1 travel on classic main rails 6 by
means of wheels 16 and 17 but the production of current occurs mainly by
actuating generators 21 connected to toothed wheels 18 rolling on at least
one rack 15. Even if in such configuration the smooth wheels 16 mostly
perform a support function, they are anyway connected to motors 11 that,
as explained below, are actuated upon starting the wind system 1 for
starting-up the modules 5. Such motors 11 can be used as generators when
the wind system 1 operates, exploiting the rolling friction between smooth
wheels 16 and classic rail 6;

- the modules 5 of the wind system 1 travel on rails 6 that are a
combination between a classic rail and a magnetic rail, by means of wheels
16 and 17 that exclusively perform the support function. The production of
current occurs by using reversible magnetic linear motors, so that they
operate as generators;

- the modules 5 of the wind system 1 travel on rails 6 that are a
combination between a classic rail and a magnetic rail, by means of
magnetic levitation. The modules 5 are also equipped with wheels 16 that

ensure keeping the air gap. The production of current occurs by using
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at | east one nodule (5) adapted to translate on at |least one rail (6; 7)

pl aced next to ground, said nodule (5) being connected through at | east one
rope (4) wo2s@/dolsite (2), said kite (2) being adapted wPoTh®20d8/honesy by sai d
nodul e (5) in order to drag said nodule (5) on said rail (6; 7) and perform
said conversion of wnd energy into electric energy through at |east one
generating system cooperating with said nodule (5) and said rail (6; 7),

said rope (4) being adapted both to transm,.t chani cal ener fr and to
sai d ki ?8V€(r?)fb & B ContAGE o5 PEf or }jlaetcttg§¥ BT ‘?aa%%?ggﬁ)o.?m 2. Wnd
system (1) according to claim1l1, characterised in that said kitesg%g) are
adapt ed to b@f dries €rusoaPPeR—CgSEF R GANENEBFREIPSy $APEE viG PLPYERt s
maxi nrum and does not inpair said translation of said nodule (5) on said
rail (6)he3usaNafd reysterhlel agoeoradiligean mdtairm are cHarsctt®at sedsyue that
said kite (2) is adapted to. be driven in order to produce a traction

adapt eddedivergnst atlecsaid popdrd @f( 5) highes admtleradf na@hiabdeays al ong t he sane
sense. 4. Wnd systemaccording to claim1, characterised in that an

attack angl erd Eaiideki treat( Daxwl third @EPephetaingi dlsdtidctty r erting Wotiasysuch
that said kite (2) is pulled up or flapped. WO 2008/ 120257PCT/ | T2008/ 000089

(5 2) VY gd ér}gezgag %/lz'rr}é))t(:?gf ?ﬂ;c{lg rr,%@elcéi%ilg‘ Lincahareirar | s£d usBat Aatmetatrgl dgohe
ial. 6. Wnd system (1) according to claiml1,
charact %(:jar elglgi {het Qz%d Ss%}s%erlﬁi i,e igmzér&esr qugdvgkcé &M hb@h 4Bt 81d %Enerate
a light breeze at the end of the recovering systems 8 in order to favour
the kites 2 ascension. If the modules 5 of the wind system 1 are not
mutually connected through a stretched flexible structure 12, another
circumstance in which the generators 20 are used as motors is when, during
the wind system 1 operation, the dragging effect of the kites 2 1is
missing. In such case, the module 5 of the wind system 1 initially goes on
advancing by inertia. If the smart control system does not manage to
restore the dragging effect shortly, the generators 20 are actuated in
order to operate as motors and the module 5 goes on advancing without
compelling the following module 5 to slow-down its own travel.
The smart control system is the system through which the kites 2 are
automatically driven. The main task of this component consists in driving
the operation of the motors 28 and 29 connected to the winches 24 and 25
of the winding and unwinding systems 22 and of the storing systems 23 of
the ropes 4, and in controlling the system adapted to drive the end part
10, adapted to be oriented, of the recovering systems 8 of the kites 2.

Obviously, each train 3 of kites 2 is driven independently from the other

ones, avoiding that flight interferences can occur.
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7. Wnd system (1) according to claim6, characterised in that said kite
(2) in sem-rigid material is equipped with an enlightened frane. 8. Wnd
syst em ( Iwoaewsonraisng to claim6, characterised in that ®ardrioose(®) in
sem -rigid material is shaped as rigid wings of a glider. 9. Wnd system
(1) according to claim®6, characterised in that said kite (2) in sem-rigid
material is equi pped mﬁth | ozenges in polymers. 10. Wnd system (1)

according t cIa|n1 cterised N ha i 1 -1 gldi f a kite
(2) is asy rl%@a COPeEO ctY %Femtmo §Bze¥1§a gggggi' 9%%?5% keép%g5|de
flexibility 11. VVnd system ( according to claim 1, characterise

that at plf@é&% RGO 73 ?F?%esf 3y & d1kBnHuc8g FHrEertest Hf%mus?-‘/

mul ti-layer configuration to forma train (3) connected through at | east
one of meitdonepes-aliyn tratene afpldapbiqroaul BZQOSR0004, (P righ gs%%ﬁﬁr@?e
according to claim 11, characterised in that said ropes (4) connecting said

Kites (®)sti hegarck foahnn©3¢<Hﬂeiiﬂ1&gpé@ﬁﬁibn-malls of said kites (2). 13.
W nd system (1) according to claim11l, characterised in that said walls of
said kites (Rntobtsaildytrahe f3)n afehcicennpetioigedl byenhe betwweecaairdl
kites (2). 14. Wnd system (1) according to claim 13, characterised in that
sai d valjschayg aReatsfRlingection.

- automatic control of the flight of kites 2;

- self-calibration of the sensors as equipment of kites 2;

- prevention of collisions between kites 2 and other flying objects;

- actuation of the driving modules 26 of the ropes 4 ¢ of the motors for

translating the winches 25 of the storing system 23;

- actuation of the motors;

- compensation of the load variations of the ropes 4.

The supply system comprises all necessary components for
accumulating and delivering electric energy. In particular, the wind
system 1 is equipped with power supplies, transformers and accumulators
through which the produced electricity is stored, current is delivered to
motors during the starting phase of the modules 5 of the wind system 1 and
for recovering the kites 2, supplying all electronic components and
providing electric power to external users. Even if the operation of all
electronic components of the wind system 1 1is controlled by the smart
control system.

The present invention further refers to a process for producing

electric energy through a wind system 1 as previously described.

In general, the process of the present invention, that integrates
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WO 2008/ 120257PCT/ 1 T2008/ 000089 15. Wnd system (1) according to claim 11,
characterised in that said kites (2) in said train (3) are shaped as an arc
i n whi ch W8i2d08A2P358 extend to be connected to sai d ot hePCRITHE3/)@P89 16.
Wnd system (1) according to claim11l, characterised in that said kites (2)
in said train (3) are shaped as a plane wing with one or two of said
connecting walls. 17. Wnd system (1) according to claim1l, characterised

0 that (sl ki 85n(2s I ?%&s%r &8 (Zhahaisigd L5 eél%@cr?é zes, gpe.fom he

other. 18. Wnd system (1) according to ¢ aracteris

sai d ki ) £ aid ule (5 have reater area and that
sizes o rﬁ%uéﬁ gégézi}; s&ee?:hr gaggn erw k3 %/n oﬁ?lgpaﬁl&eﬁog‘mr SE%5>S

19. Wn ste cording to cl ai characterlsed in that a section
of sai d & gr?lf)y ﬁ %;P/ Lppeted ZW‘GIW:H% viyek BYEHET) CRRREGF8i ng to cl ai m 109,
characterised in that said rope (4). has a smaller section next to said kite
(2) and a grEaterred8ERIGh FHexe an3ks dnedHel & (B . the wind system 1 and

hypothetically assuming that the direction along which wind W blows is
constant and that the rails 6 and 7 describe a circular path, during the
first three steps of the process according to the present invention, the
translation of the module 5 is due to the wind energy subtracted from the
wind W by means of the train 3 of kites 2 connected to such module 5. The
smart control system therefore drives the train 3 of kites 2 so that the
wind energy that it is possible to subtract to wind is maximum, compatibly
with the need of keeping the ropes 4 as much as possible tangential to the
rail 6 during the whole step. In fact, the more tangential the ropes 4 are
to the rail 6, the greater is the useful component of the traction force
as regards handling the module 5. The fact that the ropes 4 are kept
tangential to the rail 6 implies that the control system drives the train
3 of kites 2 in order to mainly exploit the lift force, namely the force
component perpendicular to the wind speed. In this way, the kites 2
advance going on sweeping the wind front surface. The wind then advances
the kites 2, tensioning the ropes 4 connected to the modules 5 of the\;ind
system 1: this dragging effect determines the handling of the modules 5
and the production of electric energy by means of generators 20 and/or 21
or of the reversible magnetic linear motors.

The fourth and last step of the process according to the present

invention instead occurs in the downwind area. The smart control system
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21. Wnd system (1) according to claim19, characterised in that a
variation of said section of said rope (4) is continuous. 22. Wnd system
(1) accorwOnrgosriaozsrai m 19, characterised in that a vari &Cran2oo$/0®esd
section of said rope (4) is in steps with offsets. 23. Wnd system (1)
according to claim1, characterised in that a section of a length of said
rope nearest to said kite (2) is aerodynamcally nDdeIIed to provide an

asynmetric li e 1) accordin ri.sed
o That S FERETAIT O Skt il ho R okt rAdSt Yhelen g cs (iAble
star-section. W) 2008/ 120257PCT/1T2008/ 000089 _ 25. Wnd, syste 1

accor di REPAUSRY aphy 1DrEREP art Gt &8 (RSt HaTUle S Sifprise¥iad skt tl'}“ %Jnt FBI
system adapted to automatically control said kite (2) along said fli

traj ect pryticudgr, Wohdomsttém rtacenrdilngysteere Kai va2 s hec higdiac Sept e? n
that it conprises a supply system cooperating with said smart control
syst em foin mandgi ngp atdlowl ahe ohrarsdadedn var ythef megiadle ebecbwt ca edeaggyng

effect from the kites 2 is still present (even if scarcely efficient). If
the modules 5 of the wind system 1 are mutually connected through a system
of tie-rods 14, the modules 5 for which the dragging effect is still
present provide a contribution to the advancement of the module 5 that is
in this step of the operating cycle. If instead the modules 5 are not
mutually connected through a system of tie-rods 14, during such step the
advancement of the examined module 5 occurs above all by inertia.

With particular reference to FIG. 21 that shows a potential path
described by a kite 2 during a cycle of the process according to the
present invention and supposing that the speed direction W of the wind and
the translation direction designated by arrow R of the modules 5 are kept
constant, focusing the attention on a single module 5 of the wind system
1, the four steps composing the process according to the present
invention, respectively designated by dashed squares a, b, ¢ and d
delimiting the various space areas in which the kite 2 is, depending on
the wind current direction W in which it is immersed, are as follows:

a) during such step the kite 2 proceeds transversally with respect to
the wind direction W (square a in FIG. 21). The wind then blows transverse
with respect to the advancement direction of the kite 1. The length of the
unwound sections of rope 4 increases since the kites 2 move away from the

module 5 of the wind system 1. Afterwards, such step proceeds similarly to
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27. Wnd system (1) according to claim?25, characterised in that said smart
control systemis equipped with a set of sensors placed on said kite (2).
28. W nd wo=n@m202y according to claim27, characteri se@CiraT2oesboosss d
sensors placed on said kite (2) have an autononous supply. 29. Wnd system
(1) according to claim27, characterised in that said sensors placed on
said kite (2) send information in wireless node to ground conponents of

said s t. cant .ol tem V¥, nd 5,

char ag{%ﬁal‘tse nlgrlg ]hé%é%sal dpg‘%gir?u\gigdlpé*l%g%géer%llggﬁggw ppetggx?\nﬂcﬂétgb Iget of
roun d I 1 d

That salPOLRLLEd o enedl B0 Aoa P GaP st Ho et SPATHCING syetem.

of a sideslip nanoeuvre 32. Wnd s sten1(1 according to claim31,

char act®e} i se@ingt pagh $arE. a%éftlF%gZ HFECISPLPRY ridSs FaPe AIgBRbas Bs 12t

| east one spoiler. 33. Wnd system (1) according to claim 32, characterised
in that wfslalmthep)mm@rblcsvsaéismr@dbtiﬂr olgh &lyst &nssuant fteput @h@rﬁ;@é@%ﬁﬂﬁpw.

of the lift of the kite 1 is summed to the resistance one. This makes the
kite 2 speed greater than the wind speed W and, in order to exploit the
dragging effect, it is necessary to partly rewind the ropes 4. In spite of
such recovery, even during this step, the energy balance is positive.
Afterwards, also for this step the statements are valid that have been
described in previously-mentioned Italian patent application n.
TO2006A000491, to which reference can be made for more explanations;

c) similarly to what occurs during the above-cited first step a) of
transverse wind, in this step the kite 2 is taken to transversally proceed
with respect to the wind direction W (square c in FIG. 21) and the length
of the unwound sections of rope 4 increases since the kites 2 move away
from the module 5 of the wind system 1. Afterwards, also for this step the
statements are valid that have been described in previously-mentioned
Italian patent application n. T020062000491, to which reference can be
made for more explanations;

d) during this step, the kite 1 proceeds along an opposite direction
with respect to the wind one (sqﬁare d in FIG. 21). The smart control
system drives the kite 2 in order not to generate any braking effect since
it performs a sudden manoceuvre defined as “azimuth jibe” that consists in
a quick transition between two transverses, during which the kite 2

travels in air for a distance equal to at least three times the affected
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WO 2008/ 120257PCT/ 1 T2008/ 000089 34. Wnd System (1) according to claim 33,
characterised in that said spoiler is actuated through systens supplied by
nmeans of WO 2besao2sene cable that from said nodule (5) reathemoganodskite
(2). 35. Wnd system (1) according to claim 34, characterised in that said
systens that actuate said spoiler are piezoelectric. 36. Wnd system (1)
according to claim 34, characterised in that said systens that actuate said

spoi |l er cont I 3
ol ai m S35 Ghar SELBEPERTd AP Ho ts;‘?rs%ng YD SR BoPE Ll GBI et

contain fibres made of netalllc shape- aII ...38. Wnd t
accordlhg“ﬁ@eé$éﬂﬁPS45w€h§F§cfQFi§%g i ﬁ% }§393¥ V@%@Hﬁ‘ﬂ%ﬁ?g %fﬁg%éysald

spoi l er receive commands in wireless node fromsaid smart control system
39. W nersyseenrqnblabteocdi fge tieedglai n Puréarcaebetifeditnit REFeSHY o
actuating and stabilising systemof said sideslip manoeuvre conprises at
| east onecadierectii ardbt sppiysshordtindénce shpayesedtiionacé oniavgdt &ord &i- mhB9,
characterised in that said directional sponsons are transverse to a thrust
d! recti gme %fnd_S@f dhei Beirgithr enbe ( _\AheO]ait&aiZdid(i;ﬂec(ad)iramﬁdar etd bexegpbtured
di sappearing in order not to nodify an efficiency of said kite (2).

by the wind W and proceeds transversally with respect to this latter one.

Also for this step the statements are valid that have been described in

previously-mentioned Italian patent application n. TO2006A000491," to which

reference can be made for more explanations; and

e) cyclically repeat the previous steps for every complete rotation of

the module 5 along the rail 6.

As can however be noted, contrary to what is disclosed in Italian
patent application n. TO2006A000491 related to the wind system with arms
and rotating shaft, in which there are systems for accumulating energy
with which the length of the unwound sections of rope 4 is increased or
reduced without rotating the winches 24 and 25 of the winding and
unwinding system 22 and of the storing systems 23 of the ropes 4, in the
wind system 1 according to the present invention the regulation of the
unwound sections of rope 4 occurs by means of said winches 24 and 25.
During the whole operating cycle, the kites 2 are driven in order to
alternatively gain and lose height. This choice is firstly dictated by a
technical need since the modules 5 of the wind system 1 more slowly
translate with respect to the kites 2. Secondly, the continuous

alternative situation between height gain and loss 1s also extremely

advantageous as regards optimising the energy that can be subtracted from
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41. Wnd system (1) according to claim39, characterised in that during
sai d sideslip manoeuvre said directional sponsons are lifted, actuated by a
flow  WOVOQO®@/12@53257PCT/ | T2008/ 000089 42. Wnd syst emPCINTZ008/00003Ng t O
claim1, characterised in that said nodule (5) is equipped with at | east
one trolley (11) to translate along said rail (6; 7). 43. Wnd system
according to claim42, characterised in that said trolley (11) has an

aerodynami ¢ shape. _44. Wnd syste 1). accordin oclaim4

char act &PF $8¢% nlt HECTonP% &GP Ir% V(]f% %E%I%posg%%?%e’ar%ée a?or%laerrlgte%atpgp ©
driving said kite (2) and storing said ropes (4). 45. Wnd system (1)
accor di kgteso 2cheg mode, tevgvatereiSs@eratfTt hat on said trolley (11)

conponents are arranged for converting energy. 46. Wnd system (1

ﬁcpoLding t oMotaiver 1, wittar aetpert sed Ehe twiatd swisgeravieh (BJisapedat O FNer ent
ei ghts.

shaft of Italian patent application n. TO2006A000491, the wind system 1
according to the present invention is improved in the following aspects:

- while the wind system with arms and rotating shaft is characterised by
a central guide and the production of electric energy occurs by exploiting
the twisting moment generated on the arms of a turbine by kites, the wind
system of the present invention is characterised by a ring-type guide,
with at least one module that translates on at least one rail, and energy
conversion occurs by exploiting dragging of the modules by the kites;

- while in the wind system with arms and rotating shaft driving of the
kites occurs exclusively by means of ropes, in the wind system of the
present invention driving of the kites can be performed also through
spoilers or spoilers placed on board the same kites. In particular,
driving occurs by creating, by means of spoilers, turbulences that give
rise to pressure gradients. Suéh driving mode integrates or replaces the
one provided by the wind system with arms and rotating shaft;

- while in the wind system with arms and rotating shaft the components
arranged for storing the ropes and driving the kite are in the turbine
centre (and therefore far away from the point in which the ropes move away
from the ground towards the kites), in the wind system of the present
invention the storing systems for the ropes are on board of each module,
next to the recovering systems of the kites. The absence of arms confers

to the wind system of the present invention a structure due to which it is
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47. Wnd system (1) according to claim46, characterised in that at |east
one of said rails (6, 7) is placed at a | ower height with respect to at

| east onewourses/entsernal of said rails (6, 7) and at a hipghar2oegd@hsd wi t h
respect to at |east one nost internal of said rails (6, 7). 48 Wnd
system (1) according to claim42, characterised in that each of said
nodul es (5) is equipped with two of said trolleys (11) that translate on

said rail s, | aced at different..hei S A j syt : c [

to cla hseiblt Ba6hather errShl Tt nEbhopiaky Aoy Mt hgpeqmet ne
translates on said rai| (6) placed at a | r hei ght id ¢ 0 ts.for
dri vi ngesaIRdeki ¢ eCfR) Wity 4e5PeSt of 9 i E4i g}ln\%)p%asn ?OZF) Oigglg?aga?i}’ggczg 3@)&8
2008/ 120257PCT/ 1 T2008/ 000089 50. Wnd system (1) according to claim45 or
48, chapatitesr viidd airnst 3t roRasHid spabt égf/{ﬂ faqy %tr%mogﬁa%fié?“anf@gcasr ai l
(6) placed at a higher height said conmponents for converting energy are
arrangethe ihd Wysdesyshemi@l)arac cdddinginerassangn the chen%ét &fi S8 PATEhat
it conprises at |east one recovering system (8) of said kite (2). 52. Wnd

syst em {d3crape@nsli rget @odilasmuid conbananteyi se€dhi phe Fenesdi shanee dvamieay
system (8) is slanted with respect to ground. 53. Wnd system (1)

accor di pg 416! fdN:BL, t6NRKALY erics €dné mibkbat SRidanREOVEth NehisyStiemwis) i s
constrained to said trolley (11) next to at |east one end.
system is equipped;
- while in the. wind system with arms and rotating shaft the pipes for
recovering the kites are fixed, in the wind system of the present
invention the kite recovering systems have the end part able to be
oriented, with the chance of rotating both in the horizontal plane and in
the vertical plane. .This facilitates the kites recovering and launching
operations.

As further proof of the high efficiency demonstrated by the wind
system and the process according to the present invention, it is possible
to provide some considerations regarding the power that a single kite 1 is
able to subtract to the wind.

For such purpose, with particular reference to FIG. 22, it 1is
advisable firstly to underline the system aerodynamics. It is known that,
when a wind current meets a stationary aerodynamic surface AS (in English
“airfoil”), such current generates two forces: the drag force D parallel

to direction W in which wind blows and the lift force L perpendicular to

such direction W. In case of wind laminar flow, the wind currents AR
passing above the aerodynamic surface AS are quicker than the forces Al

passing below it since they must travel for a longer distance. This
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54. Wnd system (1) according to claim51, characterised in that said
recovering system(8) is constrained to said trolley (11) that transl ates
at a hi ghwo 20e8/ghts7next to an end of said recovering sy®cenr{i8y/odopgsm whi ch
said ropes (4) go out towards said kite (2). 55. Wnd system (1) according
to claim51, characterised in that said recovering system (8) is
constrained to said trolley (11) that translates at a | ower height next to

rai ned | . hattranslates wer hei ght next t
i o ki Fop o RGP SUERR 1P Lo T8 O R B e T

that said recovering.system (8) is .equipped wth cushioned wheels (17) that
transl af £6A°AtC Igéﬁgfe%néﬁ?%iql)vf%)lfl 7]_58\}‘?}?(1%@1’3;?8510? 11)0' according to claim
1 or 51, characterised in that it conprises a stretched flexible structure
(12), said s%’?%?éﬁed“"%tl}bxlieéleée%‘ferdﬁLr?rjlé-(i%) BHRISEL PR hg D Bippott can

wei ght of said recovering system (8) and nutually connecting at |east two

of sai dnomsdalesy (the. 11D 2008/ di2e2E6 FRCHT} TQ‘%@POQO@S#fGSB.OJ%\FHGh dydtem (1)
according to claim57, characterised in that said stretched flexible

struct utlee (1b2r issiréqoe pfedhavidimfai Veettoal AMats identgpevishr vetpare {olL8he

59. Wnd system (1) according to claim57, characterised in that said

st ret chgthd | #xichl e 18t sueh UEgsd,12)ifits Rauépped ¥rdd fower ade (rhdpectively

constrained at an end to said recovering system (8) and at another end to

sai d verdieah; Lalll 6Ra tyRE18LT UCt UhE #h3ive wind speed with respect to the
kite.

Designating with Sj the force parallel to motion direction and with
Sy the force perpendicular to such direction, the component of the 1lift

force L parallel to the motion direction has the same sense of the
translation of the airfoil section AM while the parallel component of the
drag force D has an opposite sense.

For this reason, as regards keeping the motion in a perpendicular
direction to wind currents, it is advisable to slant the kite AM in order
to obtain a high ratio between the lift force component L along the motion
direction DT of the kite AM with respect to the drag force component D.

These considerations are also valid for every single kite 2 of the
wind system 1.

The smart control system in fact drives each kite 2 in order to keep
the ratio between 1lift force and drag force high during the steps
characterised by a high dragging effect by the wing kites 2. In such a
way, the kites 2 oscillate sweeping the wind front and generating power

due to the ropes 4 pull.
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60. Wnd system (1) according to claim57, characterised in that said
stretched flexible structure (12) is equipped with tie-rods (14) that

nmut ual | y WOmaer205adi d nodul es (5). 61. Wnd system (1) PeEd62008/608% cl ai m
57, characterised in that said stretched flexible structure (12) is

equi pped with tie-rods (14) that mutually connect said recovering systems
(8). 62. Wnd system (1) according to claim57, characterised in that said

stretched flexihle struct (12) S ELi lar; i vel.epsed

I:?\l I ovvlt ng a dﬁ |pﬁ)i§§F %?/nrﬁ%hg?/.g@&. 3\‘19%% gg%le%l(si)%%g%]g%%ﬁd?%gﬁko cl gi%r{r?SZ
haracterised in, that sai stret.che | exi bl e.structur 12 onpr i

ring t hbke fHLCOHsC i Sy PREBH BRHAVFOTT P %?C@S':bg@tn %og'?ﬁ Zib)?m% e%%?g?.

64. Wnd system (1) according to claim1, characterised in thegt aid.rail
(6) deseindbesea ioltoseeptsst by 5. kiWhdnsyebere 15 et Agtd ¥ B e

characterised in that said closed path is circular. 66. Wnd system (/1\))
aﬂ:_or;:l! Bqllvé:ro Felcabm I, chareatoerdnsed coaf firdensariptc| dpeadpatth jaEio Vi/Vy
el liptical.

between kite speed Vi and wind speed V, and on two coefficients Ky and K.

Coefficient Ky refers to drag, namely when the kite pﬁlls the ground
constraint with forces and speeds along the wind, while coefficient K;
refers to 1lift, namely when the kite pulls the ground constraint by
oscillating in order to sweep the wind front surface. Due to the lift, the
kite speed is much higher than the wind speed. The kite power is as higher
as higher the 1lift is with respect to the drag.

As an example, we can suppose that Vi/Ve = 10, Kp = 1.2 and Ky = 0.1.
In such case, KPF = 20 would be obtained.

Supposing the air density p constant and equal to 1.225 kg/m3, the

specific power generated by wind (Specific Wind Power) would be:
SpecificWindPower = % PV =05%1225%6" =132.3 W/’

The power that can be generated (KitePower) by means oflthe kite is
expressed by the following formula:
KitePower = KPF * SpecificWindPower * A

If, for examp.le, a kite were used with a surface of 18 n? pushed at
the speed of 60 m/s by a wind blowing at 6 m/s, the power that it is
possible to generate at rope level would be 47628 W. Such power therefore

would correspond to the maximum power that the kite 2 is able to generate.
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WO 2008/ 120257PCT/ 1 T2008/ 000089 67. Wnd system (1) according to claim66,
characterised in that said elliptical path has a major axis pelLpendi cul ar
to a direw0Oi2008/120258hi ch said wind current (W blows. 68CTNI?Id8/8008%%m (1)
according to claiml, characterised in that said rails (6, 7) are
horizontal. 69. Wnd system (1) according to claim1, characterised in
that said rails (6, 7) are slanted to counteract a radial centrifugal force
due to said trans|ati on of sai dul e ( a 0 .1 of i iterf?2).
70. Wnd sys?@mveg')le KSR ng nggai%Y?’?rY 1“,56)98 ‘gérj S0 Ehe g 2 altcg?g% ?gi s
(6, 7) are parallel. 71. Wnd system (1) accordi to claim1

char act &% i g iPHe tatneksi §PF apginee vaiyesy BESGic eneli 29' 1% anﬁxa&?%? em
(1) according to claiml1, characterised in that said rails (6, 7) are
lifted KPDOmssheegraouwsduby egezingdcofOpi Hhemeximyy PoNeAd B3 t & P?) oB&8rdi ng
to claim1, characterised in that a section of said rail (6) is shaped as
two facegor @skimexrt with ancansave pamt’ wdhddebd .95256 W.
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74. Wnd system (1) according to claim1, characterised in that a section
of said rails (6, 7) is rectangular. 75. Wnd system (1) according to
claim 1l ovosms/chzracterised in that said rail (6) is equirppmds/ oy wheel s
on which said trolley (11) of said nodule (5) translates. 76. Wnd system
(1) according to claim75, characterised in that said wheels house
alternators keyed-in on said wheels for generating electricity. WO

2008/ 120257PCT/ 1 T2008/ 000089 77. W E ten1(1) according to claim1,
characterised |n that said rail (6) |s eqU|pped with at | east one rack

(15). 78 3}n syghem de%i 368 0LhAG g gégég 7, cphatactieehsed ithat hat

said rack (1 on sal 'h a toothed surface
perpendi cul ar to a plane of said rall (6) and oriented towards a centre of
sai d cl 6S8Fp&Ph described by said rail (6) 79 W nd system (1) according
to claim1, characterised in that said rai ed W.t h
el ect romagneds tansal Posy 6 ttndRbt F480CEDi F%tk?eoﬁlré‘ﬁ%‘? o‘ﬁ'er Ay ETTRAEr %Pon
through linear notors that are reversibly

at least one wind current (W);

- at least one module (5) adapted to translate on at least one rail
(6; 7) placed next to ground, said module (5) being connected through at
least one rope (4) to said kite (2), said kite (2) being adapted to be
driven by said module (5) in order to drag said.module (5) on said rail
(6; 7) and perform said conversion of wind energy into electric energy
through at least one generating system cooperating with said module (5)
and said rail (6; 7), said rope (4) being adapted both to transmit
mechanical energy from and to said kite (2) and to control a flight
trajectory of said kite (2).

2. Wind system (1) according to claim 1, characterised in that said
kites (2) are adapted to be driven so that a traction exerted by said wind
current (W) is maximum and does not impair said translation of said module
(5) on said rail (6).

3. Wind system (1) according to claim 1, characterised in that said
kite (2) is adapted to. be driven in order to produce a traction adapted to
translate said module (5) on said rail (6) always along the same sense.

4, Wind system according to claim 1, characterised in that an attack
angle of said kite (2) with zespect to said wind current (W) is such that

said kite (2) is pulled up or flapped.
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used. 80. Wnd system (1) according to claim42, characterised in that
said trolley (11) translates on said rail (6) by neans of wheels (16, 17).
81. W nd wo=p@m2(2y according to claim80, characteri se@CraT200sboosss d
wheel s (16, 17) are smpoth. 82. Wnd system (1) according to claim42,
characterised in that said trolley (11) translates on said rail (6) by
means of pernmanent magnets and/ or el ectromagnets, exploiting a nagnetic

ot e Bhden ST R0 L O AR e 10
17) to support said trolley (11) weight. 84. Wnd system (1) according tb
cl ai m 8Biter (88,icmafactlefis lenm@tatledai d wheel s (16, 17) are interfaced
with said m)d.ul e (5) through springs coupled in Ear allel wth danpeners.
85. W nd. sysiiem (shytaucot)di agrording aton @Risr 183 chegtasteed sEd Fiett $atdsai d
wheels (16) are joined in trolleys (19).

kite (2) is made of semi-rigid material.

7. Wind system (1) according to claim 6, characterised in that said

kite (2) in semi-rigid material is equipped with an enlightened frame.

8. Wind system (1) according to claim 6, characterised in that said

kite (2) in semi-rigid material is shaped as rigid wings of a glider.

9. Wind system (1) according to claim 6, characterised in that said

kite (2) in semi-rigid material is equipped with lozenges in polymers.

10. Wind system (1) according to claim 6, characterised in that said

semi-rigidity of said kite (2) is asymmetric with respect to two sizes of

said kite (2) to keep aside flexibility.

11. Wind system (1) according to claim 1, characterised in that at least

two of said kites (2) are connected in series in a multi~layer

configuration to form a train (3) connected through at least one of said

ropes (4) to one of said modules (5).

12. Wind system (1) according to claim 11, characterised in that said

ropes (4) connecting said kites (2) in said train (3) are integrated in

walls of said kites (2).

13. Wind system (1) according to claim 11, characterised in that said

walls of said kites (2) of said train (3) are a connecting element between

said kites (2).

14. Wind system (1) according to claim 13, characterised in that said

walls have an airfoil section.
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WO 2008/ 120257PCT/ | T2008/ 000089 86. Wnd system (1) according to claim85
characterised in that said trolleys (19) are constrained to said trolley 1
(11). 8Avowesdi26353t em (1) according to claim85, charaeCenrmesioinss hat

sai d wheels (16) of said trolley (19) are arranged nutually perpendicul ar.
88. Wnd system (1) according to claim85, characterised in that at |east
one of said wheels (16) of said trolley (19) rolls on a plane parallel to a

pl ane of said rail (6 support sai d nodul 5 i T {.nd tem
\(M? ?cca(aq’l 'C61I) n‘&?r}do Sé’sg?‘%‘n 23]3 aéﬁgF%]criger'osg&a% ﬁﬁgt(’)hg\t{\g%%%ts e%ngn o%%lasr%aisg¥é
eels (. of said trolley (19) rolls on a plane parallel. .

sai d rakitgs6)(2)n ior @éiﬁdtér%lﬂ(av%t a8i éhﬁﬁﬁﬂllags &) %Foatig’lrhtltﬁ}?n? p. %gg&)gf
Wnd system (1) according to claima85, characterised in that at |east one
of sai dextezel 50 (E6yovfiegaidie reslifleytherokitast I(8) on a pl ane perpendicular to
a plane of said rail (6) to counteract a radial force operating on said
nmodul e {6). ®ind \BBdesystieradcbydaerdrdiaiginolll aihmrGtorisgs, ie hitadctséiflsed
in that said trolley (19) translates on said rail (6) inside a concavity of

one of gaid twp facRdq"Galin 92) AMEnghgyst em 4 Dlaacceirdj myth conel ak mwp4obr
85, characterised in that said trolley (19) translates on one of said rails

(6) with said whesls (48 .that roll on three sides of said rectangul ar
section to enbrace g Sl ge of said rail (6) oriented inside or outside said
¢l osed 99Fh'Wind system (1) according to claim 11, characterised in that said
kites (2) in said train (3) have different sizes one from the other.
18. Wind system (1) according to claim 17, characterised in that said
kites (2) nearest.to said module (5) have a greater area and that sizes of
said kites (2) decrease when moving away from said module (5).
19. Wind system (1) according to claim 1, characterised in that a
section of said rope (4) is variable.
20. Wind system (1) according to claim 19; characterised in that said
rope (4) has a smaller section next to said kite (2) and a greater section
next to said module (5).
21. Wind system (1) according to claim 19, characterised in that a
variation of said section of said rope (4) is continuous.
22. Wind system (1) according to claim 19, characterised in that a
variation of said section of said rope (4) is in steps with offsets.
23. Wind system (1) according to claim 1, characterised in that a
section of a length of said rope nearest to said kite (2) 1is
aerodynamically modelled to provide an asymmetric lift.

24. Wind system (1) according to claim 23, characterised in that said

rope (4) is coated with an extruded sheath with a star-section.
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93. Wnd system (1) according to claim51, characterised in that said
recovering system (8) conprises at |east one cylindrical pipe. W

2008/ 120250RUB/ 1202008/ 000089 94. Wnd system (1) accor #CmgTr2008/¢d0asom 51,
characterised in that said recovering system(8) is made of a trellis-type
structure. 95. Wnd system (1) according to claim94, characterised in
that said trellis-type structure is equipped with at | east one paddi ng net

for containing said kit Wnd yste I 4,
char act |§ V&lq'ldn PREE™ ?ég %C8?1m§1ngsalod Trel mé(gc%?%e C'cstt rrg(g:%lcgJ LQI é%g& me
triangular. 97. Wnd system (1) accor d| to cl aim95, aracterised
that safdQFa8es ny PRACY §O§aE‘P1pp SR ] % %t%@%%ﬁp gg}ﬂt S A Ila\§8i“a
jamming in a sliding of said kite (2). 98. Wnd system (1) according to
cl ai m 5kitecHar adicegi sad FhighHatraiedted¥t one recess of said recovering

system (8) is accessible for perform ng mai ntenance operations.
26. Wind system (1) according to claim 25, characterised in that it

comprises a supply system cooperating with said smart control system for
managing accumulation and delivery of said electric energy.

27. Wind system (1) according to claim 25, characterised in thaf said
smart control system is equipped with a set of sensors placed on said kite
(2).

28. Wind system (1) according to claim 27, characterised in that said
sensors placed on said kite (2) have an autonomous supply.

29. Wind systen (1) according to claim 27, characterised in that said
sensors placed on said kite (2) send information in wireless mode to
ground components of said smart control system.

30. Wind system (1) according to claim 25, characterised ‘in that said
smart control system is equipped with a set of ground sensors.

31. Wind system (1) according to claim 1, characterised in that said
kites (2) are equipped with an actuating and stabilising system of a
sideslip manoeuvre.

32. Wind system (1) according to claim 31, characterised in that said
actuating and stabilising system comprises at least one spoiler.

33. Wind system (1) according to claim 32, characterised in that said

spoiler is actuated through systems with autonomous supply.
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99. Wnd system (1) according to claim51, characterised in that said
recovering system (8) gravitationally reacts with its own weight to a
vertical woaetmmsconponent of said kite (2). 100. W n@#CIgs20080(0099
according to claim 51, characterised in that said recovering system(8) is
equi pped with at |east one articulated joint (9) in order to be partly or
conpletely able to be oriented. 101. Wnd system (1) accordi ng to claim

100, characterlsed |nt&t an end 1 le,to n
recoverihg SSPervEsy™ %dﬁc\%ﬁdjt t(}gﬁi JJT}::yja%) g ?rpose %f £ra?u?.b]%fetagtgh?hr ee
ropes (31) 102. Wnd system (1) accordl ng to cI a| m 101, aracterised in
that eagtpidmae of aafeptegdpedread) sywsteBhstiRbldgd Py &?arP% gL r&ufic
cylinder (32). WD 2008/120257PCT/ 172008/ 000089 103. W nd Systen1(1)
accor di caplieoticdaifimod 02 idc hedalst ébl sewadches tsad sdied (Bydraulic cylinder (32)
is hinged to said recovering system (8) next to said articulated joint (9).
104. W sl sysitreimsgyd}eraccor dicagréingcitai miabn o34, 1@2arataracedr i edhatn sehat
said hydraulic cylinder (32) is actuated by a hydraulic systemcontrolled
by sai dsgdmnt GRRt EetuAESEEM spoiler are piezoelectric.
36. Wind system (1) according to claim 34, characterised in that said
systems that actuate said spoiler contain shape-memory polymers.
37. Wind system (1) according to claim 34, characterised in that said
systems that actuate said spoiler contain fibres made of metallic shape-
memory alloys.
38. Wind system (1) according to claim 34, characterised in that said
systems that actuate said spoiler receive commands in wireless mode from
salid smart control system.
39. Wind system (1) according to claim 1, characterised in that said
actuating and stabilising system of said sideslip manoeuvre comprises at
least one directional sponson.
40. Wind system (1) according to claim 39, characterised in that said
directional sponsons are transverse to a thrust direction of said wind
current (W) on said kite (2) and are flexed disappearing in order not to
modify an efficiency of said kite (2).
41. Wind system (1) according to claim 39, characterised in that during

said sideslip manoeuvre said directional sponsons are lifted, actuated by

a flow.
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105. Wnd system (1) according to claim 101, characterised in that said end
part (10) able to be oriented is driven through |Iinear el ectronmechanical
nodul es. wOQ608/M#25d system (1) according to claim 105, ehanazvgnised in
that said |inear electronmechanical nodules are controlled by said snart
control system 107. Wnd system (1) according to claim 101, characterised
in that the end part (10) able to be oriented is driven through said

stretch fl exipl t 12). .108.. W C i . ¢l ai
51, ‘¢ hgféi-ct lev??r@egeyﬁ SRl SO W e S T iR S G
rounded outl et . 109. Wnd t 1 di | ai ,

Char aci B 8a 7 h A aEuEERE Hhh o L CETh) T FEAL S hOTabeThg TEBETTigh 31ong

proceeding towards an outlet edge. 110. Wnd system (1) according to claim
51, chasaict epiked/i W +hat said recovering system (8) is placed on the
ground. 111. Wnd system (1) according to claim 110, characterised in that
(s:gi/gr rechveriing ssisttem (@) oraims i seschiin eddt cheraugetraseter imi thathi rged
- trolley (11) has an aerodynamic shape.
44. Wind system (1) according to claim 42, characterised in that on said
trolley (11) components are arranged per driving said kite (2) and storing
said ropes (4).
45. Wind system (1) according to claim 42, characterised in that on said
trolley (11) components are arranged for converting energy.
46. Wind system (1) according to claim 1, characterised in that said
rails (6) are at different heights.
47. Wind system (1) according to claim 46, characterised in that at
least one of said rails (6, 7) is placed at a lower height with respect to
at least one most external of said rails (6, 7) and at a higher height
with respect to at least one most internal of said rails (6, 7).
48. Wind system (1) according to claim 42, characterised in that each of
said modules (5) is equipped with two of said trolleys (11) that translate
on said rails (6) placed at different heights.
49. Wind system (1) according to claim 44 or 48, characterised in that
on said trolley (11) that translates on said rail (6) placed at a lower

height said components for driving said kite (2) and for storing said

ropes (4) are arranged.
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WO 2008/ 120257PCT/ | T2008/ 000089 112. Wnd system (1) according to claim
characterised in that said container has a shape suitable for housing

111,

at | east woeoef1268z7d trains (3) of said kites (2). 113pCumzbog/geosom (1)
according to claim 110, characterised in that said recovering system (8)

arranged radially. 114. Wnd system (1) recovering system(8) 115. Wnd
system (1) recovering system (8)

50. Wind system (1) according to claim 45 or 48, characterised in that
on said trolley (11) that translates on said rail (6) placed at a higher
height said components for converting energy are arranged.

51. Wind system (1) according to claim 1, characterised in that it
comprises at least one recovering system (8) of said kite (2).

52. Wind system (1) according to claim 51, characterised in that said
recovering system (8) is slanted with respect to ground.

53. Wind system (1) according to claim 51, characterised in that said
recovering system (8) 1is constrained to said trolley (11) next to at least
one end.

54. Wind system (1) according to claim 51, characterised in that said
recovering system (8) is constrained to said trolley (11) that translates
at a higher height next to an end of said recovering system (8) from which
said ropes (4) go out towards said kite (2).

55. Wind system (1) according to claim 51, characterised in that said
recovering system (8) is constrained to said trolley (11) that translates
at a lower height next to an end of said recovering system (8) in which
said ropes (4) go in towards said kite (2).

56. Wind system (1) according to claim 51, characterised in that said
recovering system (8) 1is equipped with cushioned wheels (17) that
translate on at least one rail (7).

57. Wind system (1) according to claim 1 or 51, characterised in that it
comprises a stretched flexible structure (12), said stretched flexible
structure (12) contributing to support a weight of said recovering system

(8) and mutually connecting at least two of said modules (5).
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116. Wnd system (1) according to claim 110, characterised in that said

i s arranged inside said closed path. according to claim110, characterised
in that swoOaoésgi2easranged outside said closed path. accordirnguwgowbgs m 110,
characterised in that said recovering system (8) is upwards slanted during
recovery and takeoff operations of said kite (2). 117. Wnd system (1)
according to claim 110, characterised in that said recovering system(8) is

e R -k N, AR t81 A ey L NG o A 31004 AP OMERY oA
stretched flexible structure (12) is equipped with a vertical lattice-type
structure {(13). |
59. Wind systaﬁ (1) according to claim 57, characterised in that said
stretched flexible structure (12) is equipped with tie-rods (14)
constrained at an end to said recovering system (8) and at another end to
said vertical lattice-type structure (13).

60. Wind system kl) according to claim 57, characterised in that said
stretched flexible structure (12) is equipped with tie-rods (14) that
mutually connect said modules (5).

6l. Wind system (1) according to Clahn 57, characterised in that said
stretched flexible structure (12) is equipped with tie-rods (14) that
mutually connect said recovering systems (8).

62. Wind system (1) according to claim 57, characterised in that said
stretched flexible structure (12) has triangular sections developed by
following a cylinder symmetry.

63. Wind system (1) according to claim 57, characterised in that said
stretched flexible structure (12) comprises a ring that follows interfaced
behaviours with respect to said modules (5).

64. Wind system (1) according to claim 1, characterised in that said
rail (6) describes a closed path.

65. Wind system (1) according to claim 64, characterised in that said
closed path is circular.

66. Wind system (1) according to claim 64, characterised in that said

closed path is elliptical.
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118. Wnd system (1) according to claim 110, characterised in that said
recovering systemis handl ed by neans of at |east one |inear actuator (37).
119. W noweysesen?vist) according to claim 118, characteri eaarmwos/bavsssai d

| i near actuators (37) are arranged on the two sides of said recovering
system (8). 120. Wnd system (1) according to claim 110, characterised in
that said recovering system(8) is constrained to the ground by neans of

rods (39).  WR,2008/420237BCTL | FA008,000080 L2t Wi syt ep (dhsacger i no

to cl ai m120,

t sal roas next to t Ir en

S are

hi nged to .t he groun nd to said recovering.system(8).,. 122. W.nd tem
(1) Saccorrhtr o Bk ARS b mifi A er Pemrt YRR oo dir ReGiorne Pty

(37) are hinged both to the ground and to said rods (36). 123. Wnd system
accor di $y<t 8IRd gPRTeP0, (WeHak¥St erised in that said rods (36) and said

| i near actuators (37) are nmutually constrained so that, by actuating said

| i near @t udtiodssysam N evdobfitsnitd rdedweli nghaspsteni(R) imedhest sedsaid
rail (6) is lifted at a sane height at which said rail (6) is and an end of
sai d r ecoMer (619 7systeemof8orftait hest fromsaid rail (6) is lifted at a

hi gher height than the one at which said rail (6) is.

69. Wind system (1) according to claim 1, characterised in that said

rails (6, 7) are slanted to counteract a radial centrifugal force due to

said translation of said module (5) and to a pull of said kite (2).

70. Wind system (1) according to claim 1, characterised in that said

rails (6, 7) are parallel.

71. Wind system (1) according to claim 1, characterised in that said

rails (6, 7) are concentric.

72. Wind system (1) according to claim 1, characterised in that said

rails (6, 7) are lifted from the ground by means of pillars.

73. Wind system (1) according to claim 1, characterised in
section of said rail (6) is shaped as two faced “Cs” next to a
part thereof.

74. Wind system (1) according to claim 1, characterised in
section of said rails (6, 7) is rectangular.

75. Wind system (1) according to claim 1 or 42, characterised
said rail (6) is equipped with wheels on which said trolley (11)

module (5) translates.

that a

concave

that a

in that

of said

76. Wind system (1) according to claim 75, characterised in that said

wheels house alternators keyed-in on said wheels for generating

electricity.
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124. Wnd system (1) according to claim 111, characterised in that said
contai ner with hinged cover is adapted to be opened as a platform 125.
Wnd systwm2pdsji2ezscording to claim 111, characterised i RCThazoogawhssone of
said containers with hinged cover is longitudinally sectioned to be
conposed of at least two parts (38, 39). 126. Wnd system (1) according to
claim 125, characterised in that at |east said part (38) is a box of said

container. 127. Wnd system (1) .accordi .1 o0.cl aj - racterised:in
Wa; sa?Jtéi' bo@llr’gd%g)y Sg?;a i)an Cécd)r\%ﬂl?% ¢ s&%&?\ncal\’/i ? bg%%“lzt%rrltl g U%Fwa?{&g . %%%
nd system ~according to claim 125, characterised in that at |east sai

part (Sgé}llcd%bols%§qal Wiph alailertoRhai e, ﬁég W nd system (1) |
accord! ng to .cI aim 124, characterised in that_ said container wth hinged
cover i %8addptred systée Opermgoading ploattiaim {hr slighagteriesdt 1oneab ﬁ’ég‘s
actuator. WD 2008/ 120257PCT/ | T2008/ 000089

rack (15) 1is arranged on said rail (6) with a toothed surface

perpendicular to a plane of said rail (6) and oriented towards a centre of
said closed path described by said rail (6).

79. Wind system (1) according to claim 1, characterised in that said
rail (6) is equipped with electromagnets to allow a magnetic levitation
and/or an energy conversion through linear motors that are reversibly
used.

80. Wind system (1) according to claim 42, characterised in that said
trolley (11) translates on said rail (6) by means of wheels (16, 17).

81. Wind system (1) according to claim 80, characterised in that said
wheels (16, 17) are smooth.

82. Wind system (1) according to claim 42, characterised in that said
trolley (11) translates on said rail (6) by means of permanent magnets
and/or electromagnets, exploiting a magﬁetic levitation principle.

83. Wind system (1) according to claim 82, characterised in that said
trolley (11) is equipped with said wheels (16, 17) to support said trolley
(11) weight.

84. Wind system (1) according to claim 80 or 83, characterised in that
said wheels (16, 17) are interfaced with said module (5) through springs
coupled in parallel with dampeners.

85. Wind system (1) according to claim 80 or 83, characterised in that

said wheels (16) are joined in trolleys (19).
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130. Wnd system (1) according to claim 124, characterised in that said

| i near actuators are controlled by said smart control system 131. Wnd
syst em ( yO28eo2M5Ag to cl ai m 124, characterised in t haPCTATHO$/PG9E3Y
actuators are hydraulic cylinders actuated by a hydraulic system 132.
Wnd system (1) according to claim 131, characterised in that said |inear
actuators are linear electronechanical nodules. 133. Wnd system (1)

according to claiml, characterised . n that i d.ropes (.4) .ar i

Wit h an8gut ot SYShRRetYi GIFCRRTH sté’or?ﬁféz‘:?i %5?{ S ggﬁt‘?{%ﬁéﬂg r?vﬁ}ighggg?d
ropes (4) can be reversibly connected and di sconnected to and fromsaid
Kite (2Frolulzgs VV%dBE?gﬁﬁﬁgé%@@@dF%qﬁﬁé erdilay144) -characterised in that
said recovering system (8) conprises at |east one automatic storage system
adapt ed87o reoelerysaen tukeﬂibrdhm$UEEé@@i@nS%aﬂéﬁﬁﬁ5Vﬁ§s€§)l%f“?%i@akﬁtes
(2) and orderly arrange said trains (3) of said wing kites (2) inside said
cont ai ngretist h1 & ngedatoveblleyl339) Wredasystoen iduadty qradipagdiasiler ai m 134,
characterised in that said automatic storage systemis controlled by said

smart ceptr ok {ysieen 136. aMEndisystemc(dim agsor dhdigctorideai M13sat at
characterised in that said automatic storage systemis equipped with

transtagLog shel ves handiedoby bekf Sor 13710 Waadisysiem (ongcesr di ngahe

claim1l characterised in that said shelves transl ate by keeping
thensel \égJ?aﬂaeEaJ:é eal p?grclie ch) géicpera%lcléas%g Qﬁ)tpgrt said module (5) weight.
89. Wind system (1) according to claim 85, characterised in that at
least one of said wheels (16) of said trolley (19) rolls on a plane
parallel to a plane of said rail (6) in order to prevent said module (5)
fro overturning.
90. Wind system (1) according to claim 85, characterised in that at
least one of said wheels (16) of said trolley (19) rolls on a plane
perpendicular to a plane of said rail (6) to counteract a radial force
operating on said module (5).
91. Wind system (1) according to claim 73 or 85, characterised in that
said trolley (19) translates on said rail (6) inside a concavity of one of
said two faced “Cs”.
92. Wind system (1) according to claim 74 or 85, characterised in that
said trolley (19) translates on one of said rails (6) with said wheels
(16) - that roll on three sides of sald rectangular section to embrace a
side of said rail (6) oriented inside or outside said closed path.
93. Wind system (1) according to claim 51, characterised in that said

recovering system (8) comprises at least one cylindrical pipe.
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138. Wnd system (1) according to claim 124, characterised in that said
recovering system (8) conprises at |east one di sappearing guiding system
WO 2008/ W 0260ACT2sr T2008/ 000089 to facilitate | andi ng ofPCzarzokiioesy (2)
onto said container with hinged cover opened as a platform 139. Wnd
system (1) according to claim 138, characterised in that said di sappearing
gui ding systemis placed next to said container with hinged cover. 140.

Wnd sy emyidy agsocd! ng tacelam 198c cherect stuped hacthaly sl g
accor di FT 8" B HF 195, 54 et BCBr 6.6 PR TAatVEn 4707 Sifpear | ng g di ng
systemis controlled by said smart control system 142. Wnd system (1)
accor di ity t dierdaisisem cHar #6CeFdied ton ClaHt 94 CHABRTEEISPdr ivadiftorasdi d
nodul es (5) a recovery and expul sion systemfor said kite (2).
trellis-type structure is equipped with at least one padding net for
containing said kite (2).
96. Wind system (1) according to claim 94, characterised in that a
section of said trellis-type structure is triangular.
97. Wind system (1) according to claim 95, characterised in that said
padding net is equipped with an entanglement adapted to avoid jamming in a
sliding of said kite (2).
98. Wind system (1) according to claim 51, characterised in that at
least one recess of sald recovering system (8) 1is accessible for
performing maintenance operations.
99. Wind system (1) according to claim 51, characterised in that said
recovering system (8) gravitationally reacts with its own weight to a
vertical traction component of said kite (2).
100. Wind system (1) according to claim 51, characterised in that said
recovering system (8) is equipped with at least one articulated joint (9)
in order to be partly or completely able to be oriented.
101. Wind system (1) according to claim 100, characterised in that an end
part (10) able to be oriented of said recovering system (8) 1is driven
through a system composed of at least three ropes (31).
102. Wind system (1) according to claim 101, characterised in that each

one of said ropes (31) is constrained to at least one hydraulic cylinder

(32) .
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143. Wnd system (1) according to claim 142, characterised in that said
recovery and expul sion systemis placed inside said recovering system (8).
144. W noweysesen?vist) according to clai m 143, charact eri ea1rmwos/bavsssai d
recovery and expul sion system conprises at |east one trolley sliding al ong
at least two rails inside said recovering system (8). 145. Wnd system (1)
according to claim 143, characterised in that said recovery and expul sion

oo s el pP gt dt JLeBinan, AL ShE) HAdCtirsh devlied S169

W nd system cordi Facterise urality

of said artificial .wind rust devices are,arranged. al ong the ] ength of
o o1 dagheriie Soatha B Sho SHR To0 s ecrTobye Guasts (Bl Ty H

system (1) according to claim 145, characterised in that said artificial
wi nd t hfdist 2agelqudascarieiebnttol | ed by said smart control system 148. W nd
system (1) according to claim1l1, characterised in that it conprises for
each of1&ai diimedayetsem 5)) aasypstieng fior cabiordsi ng t0e fobecectseaked gih shatd
opes (sgid hydraulic cylinder (32) is actuated by a hydraulic system controlled
by said smart control System.
105. Wind system (1) according to claim 101, characterised in that said
end part (10) able to be oriented 1s driven through linear
electromechanical modules.
106. Wind system (1) according to claim 105, characterised in that said
linear electromechanical modules are controlled by said smart control
system.
107. Wind system (1) according to claim 101, characterised in that the
end part (10) able to be oriented is driven through said stretched
flexible structure (12).
108. Wind system (1) according to claim 51, characterised in that said
recovering system (8) is equipped with a rounded outlet edge.
109. Wind system (1) according to claim 101, characterised in that said
end part (10} has an increasing section proceeding towards an outlet edge.
110. Wind system (1) according to claim 51, characterised in that said
recovering system (8) is placed on the ground.

111. Wind system (1) according to claim 110, characterised in that said

recovering system (8) comprises at least one container with hinged cover.
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149. Wnd system (1) according to claim 148, characterised in that said
system for absorbing the force peaks is equipped with at |east one danpened
count er wewghwod/i2bzsed from t he ground and vertical |y tramerariog0o008s50. W nd
system (1) according to claim 149, characterised in that said counterwei ght
is lifted fromthe ground due to the effect of a tension of said rope (4).
151. Wnd system (1) according to claiml1, characterised in that it

CoP S8 oSSy L TR )RR e Pl EL SN 38 ¢ gpes

{d frictioni ; arm aracterised In tha
said frictioning systemis equipped with at |east one pulley constrained to
a | i neagonjaiger %ﬁa %tsmaéés%u&%ggpﬁqrnao%ﬁ@t fhikregt n@ﬁp OFOS%T?CEH%H%SO (g)ai d
pul l'ey and next to another end to said trolley (11). 153. Wnd system (1)
accor di g seod ctidem (LE_Z-, characterised in that said spring is conpressed due
to said tension of said rope (4). 154. Wnd system (1) according to claim
1, charard.eniisedsistdnhatl)i bccanpingses ¢lorimedth ofhasarterioddl &3 {I5) gaid
wi ndi ng and unwi ndi ng system (22) of said rope (4). WO
2008/ 129&3@77@@5@ 20084 080089 arranged radially.
114. Wind system (1) according to claim 110, characterised in that said
recovering system (8) is arranged inside said closed path.
115. Wind system (1) according to claim 110, characterised in that said
recovering system (8) is arranged outside said closed path.
116. Wind system (1) according to claim 110, characterised in that said
recovering system (8) is upwards slanted during recovery and takeoff
operations of said kite (2).
117. Wind system (1) according to claim 110, characterised in that said
recovering system (8) is arranged horizontally next to the ground when
there are no recovery and takeoff operations of said kite (2).
118. Wind system (1) according to claim 110, characterised in that said
recovering system is handled by means of at least one linear actuator
(37) .
119. Wind system (1) according to claim 118, characterised in that said
linear actuators (37) are arranged on the two sides of said recovering
system (8).

120. Wind system (1) according to claim 110, characterised in that said

recovering system (8) is constrained to the ground by means of rods (36).
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155. Wnd system (1) according to claim 154, characterised in that said

w ndi ng and unw ndi ng system (22) conprises at |least four first w nches
(24) for wachosaRoxsadi d ropes (4) arranged on two | evel s aoa/rnzvs/ogossar al | el
rotation axes, said first winches (24) being connected to at |east one
first electric notor (28) controlled by said smart control system 156.
VYndtsystenl(l) ggfording to clain1155 characterised in that said first

el ectric_notor S0 an ric tor nd_s e
accord|H@~t&“€paﬁﬁFT§B &8h§?88¥ % Hgfhz?SSaﬁﬁuFlrsjsedng e%e%;%%ﬂ&)
connected to said first electric notor (28) throuqﬁ gears

i nt er posedry &16)| ewstt offe Bidy cisd-arPpe i EBtc P hfSSJIOW%d ag sltgms(afLLSi
according to claim 155, characterised in that each of said first w nches
(24) |sr@mnaemmB$yBo@0n@39f said first electric nmotors (28) by interposing
at | east one epicycloid-type reducer. 159. Wnd system according to claim
155, chazactiirdsegstant (19t aarordichgeachchfims ard, f chasachenicgds 1 2@)ats gddr ope
(4) is wound for three quarters of circunference. 160. Wnd system

accor di ngd-@ StaiL85(3wharaatiepbgedthntd hat Graumd ace tof ssad doflsr 6¥) .

wi nches (24) is shaped to house said rope (4) and increase a contact

surfaceq,5 16}, eggf%%)%c%%éﬁ@o el Ak 40 160 2l FRkaskecRABACH fHagedaid robat

sai d flrs% W nc fferent surface roughness 162. Wnd system

accordi | ai charac rls i nd.-u nd
syséen1?g§b 51 W% Jngaﬁn%% or eggﬁ Q¥ésal “%gfg 5?%g%daggidbg?nch
S e CknS AR g, 20 Bect or g ng ﬁ'@@m%esdaﬂ“@@@ofvermé auh iy

nearest to said rail (6) is lifted at a same height at which said rail (6)
is and an end of said recovering system (8) farthest from said rail (6) is
lifted at a higher height than the one at which said rail (6) is.

124. Wind system (1) according to claim 111, characterised in that said
container with hinged cover is adapted to be opéned as a platform.

125. Wind system (1) according to claim 111, characterised in that each
one of said containers with hinged cover is longitudinally sectioned to be
composed of at least two parts (38, 39).

126. Wind system (1) according to claim 125, characterised in that at
least said part (38) is a box of said container.

127. Wind system (1) according to claim 126, characterised in that said
box (38) is arranged with its concavity oriented upwards.

128. Wind system (1) according to claim 125, characterised in that at
least said part (39) composes a cover of said container.

129. Wind system (1) according to claim 124, characterised in that said
container with hinged cover is adapted to be opened as a platform through

at least one linear actuator.
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WO 2008/ 120257PCT/ 1 T2008/ 000089 163. W nd system according to claim 154,
characterised in that said wi nding and unwi ndi ng system (22) conprises for
each of swiDaoesopexs7(4) at |east two pairs of faced tracksTpumogoobss

pi stons, inside each one of which said rope (4) is inserted. 164. Wnd
system according to claim1, characterised in that it conprises for each of
said nodules (5) a storing system (23) for said rope (4). 165. Wnd system

according to claim 164, characterised ih.th sai,d storj.ng ,syst (
conpriséQDatWP§b§W58ﬁ% Qécéﬁﬂoﬂﬁﬁ@hg?2%#”Wb§5éaéﬁ“%?cgébgggo%isﬁgﬁ)%g%%
each one of said second w nches (25) said rope (4) is wound or unwound,

sai d setbmArWRARIRTORS )ase PAYL 3ARB de 210 HagEceRitFrel ettS PR not or (29)
controlled by said smart control system 166. Wnd system according to

cl ai m 163]. charcactetésetl)i actiratingaid skxiond2hi nerragbyrisedc dantdte a9
said second electric notor (29) by interposing at |east one epicycloid-type
r educer 1inekh7 actMiatdrs yatee nydidulaccoyldindgrs acthaied b5 hyhasakicesysed-i n
that said second winch (25) is equipped with at |east one driving nodul e

(26) adaps edyiQy GOEPEL E3i deEORENG2Lot O1per fisl M emratderispdwindiing eaidai d
second winch (25). 168. Wnd system (1) according to claim 165,

char act erisgd.i.n.khat 53 d;56A0RdeU NEBCK2G)Hi Srassenbl ed on a trol ey

sliding along arail in para wth a rotation axis of said wi nch (25).

169. W 1 di | ai , 1ch [ ai
<1 i mg Lot SR PBHPy (Bl oNG CEA B TR e FOTT ed By o ol ol g i

mechani SrénpetsOg 8} ) h ea{rew éqﬁigperdOt v?‘ittlho nanof auscaohgtfce Cgé]n%e\cl:\'%{]ocnh énzgS)disconnect ion

system through which said ropes (4) can Dbe reversibly connected and
disconnected to and from said kite (2).

134. Wind system according to claim 111, characterised in that said
recovering systeﬁl (8) comprises at least one automatic storage system
adapted to recover and takeoff in succession said trains (3) of said kites
(2) and orderly arrange said trains (3) of said wing kites (2) inside said
container with hinged cover.

135. Wind system (1) according to claim 134, characterised in that said
automatic storage system is controlled by said smart control system.

136. Wind system (1) according to claim 134, characterised in that said
automatic storage system is equipped with translating shelves handled by
belts.

137. Wind system (1) according to claim 136, characterised in that said
shelves translate by keeping themselves parallel and describe a closed
path.

138. Wind system (1) according to claim 124, characterised in that said

recovering system (8) comprises at least one disappearing guiding system
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WO 2008/ 120257PCT/ 1 T2008/ 000089 170. Wnd system (1) according to claim
169, characterised in that said sliding mechanismis actuated by a third
el ect ri c wotoes/1cmsvr ol | ed by said smart control system PCIAT2008@00d89syst em
(1) according to claim 170, characterised in that said sliding nechanismis
connected to said third electric notor by interposing at |east one

eﬁl cycl oi q-tyépe reﬂucer. 172. Wnd system (1) according to claim1,
characterised.in that it conprises each I : th t
one tranh3 'ascéilb‘f*natseyg'tagrdﬁ%%aop esﬁig ok%tgélsde&ZaP orgs%ég ?g&atlgl\%ég g%ﬂgﬁﬂéﬁ%&te
(2). 173. Wnd system (1% according to claim 172, characterised in that
sai d tr&nsi SBY 8y EHPEEMSYi ses:  at | east one pul ley (35) assenbled on
said trolley of said recovery and expul si.onéggstem of said kite (2);

t
| east ohe.fi%ied pubtey (33pceprdiegl yocoksy eocﬁaéa%‘?laisﬁﬁld&]fletéa said

disappearing guiding system is placed next to said container with hinged
cover.

140. Wind system (1) according to claim 138, characterised in that said
disappearing guiding system is composed of at least one pair of rods
placed on the sides of said container with hinged cover.

141. Wind system (1) according to claim 138, characterised in that said
disappearing guiding system is controlled by said smart control system.
142. Wind system (1) according to claim 1, characterised in that it
comprises for each of said modules (5) a recovery and expulsion system for
said kite (2).

143. Wind system (1) according to claim 142, characterised in that said
recovery and expulsion system is placed inside said recovering system (8).
144. Wind system (1) according to claim 143, characterised in that said
recovery and expulsion system comprises at least one trolley sliding along
at least two rails inside said recovering system (8).

145. Wind system (1) according to claim 143, characterised in that said
recovery and expulsion system 1s equipped with at least one artificial
wind thrust device.

146. Wind system (1) according to claim 145, characterised in that a
plurality of said artificial wind thrust devices are arranged along the

length of said recovering system (8).
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(5); at least one pulley for each of said systens for absorbing the force
peaks of said ropes (4); at least one pulley for each of said systens for
frictioniwg28e@/dozsepes (4); and at |east one pulley (3&rTasmoesimoesh on
sliders (27) of said driving nodules (26) of said ropes (4). 174. Wnd
system (1) according to claim 173, characterised in that said slider (27)
slides along a rail in parallel with a rotation axis of said wnch (25) of

sai d stofi Ngys¥Sk8Mdd ) according to claim 145, characterised in that said
artificial wind thrust devices are controlled by said smart control
system.
148. Wind system (1) according to claim 1, characterised in that it
comprises for each of said modules (5) a system for absorbing the force
peaks of said ropeé (4) .
149. Wind system (1) according to claim 148, characterised in that said
system for absorbing the force peaks is equipped with at least one
dampened counterweight lifted from the ground and vertically translating.
150. Wind system (1) according to claim 149, characterised in that said
counterweight 1is lifted from the ground due to the effect of a tension of
said rope (4).
151. Wind system (1) according to claim 1, characterised in that it
comprises for each of said modules (5) a system for frictioning said ropes
(4).
152. Wind system (1) according to claim 151, characterised in that said
frictioning system is equipped with at least one pulley constrained to a
linear guide and at least one spring constrained next to an end to said
pulley and next to another end to said trolley (11).
153. Wind system (1) according to claim 152, characterised in that said
spring is compressed due to said tension of said rope (4).
154. Wind system (1) accofding' to claim 1, characterised in that it
comprises for each of said modules (5) a winding and unwinding system (22)

of said rope (4).
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WO 2008/ 120257PCT/ 1 T2008/ 000089 175. Wnd system (1) according to claim
174, characterised in that a sliding of said slider (27) along said rail is
cont r ol | edolzgosa28157di ng mechani sm t oget her with a rot at iPom/I0f008/ai0dson nch
(25). 176. Wnd system (1) according to claim 175, characterised in that
said sliding mechanismis actuated by a fourth electric notor controlled by
said smart control system 177. Wnd system (1) according to clainms 25,

characterised in that said _system for ner ating..el I.cl .ty al ORet at es
a5 mi o:f$%)-sa.wdgé§a$eée iy sSbott et no EarLarha B AT are A on T eard
nodul e (5) on said rail (6) when it operates as nerator and bei.n

cont r ol VEipg a6 dUEHRAINE oRMSTEM Sk gcrﬂ”Wié??% tatgﬁ'@?ﬁ? ego%s r}ﬁﬁf‘%rw&cﬁ%

W nd system (1) according to claim1l1, characterised in that for each of

sai d noded)egot Backapll spéAerardnd4syransedmpr Fsedeaels ast hargg parallel
generator/notor (20) directly actuated by a rotation of at |east one of

sai d wheetsibd6dxaf, said tfiosd eyinchay OF4)sdiedngodenrectsy. to 179, laasid °08§st em
(1) according to claiml1, characterised in that it conprises for each of

sai d modutese(Hrat h@ast (20 doperbEddbeealaifil@ardthatnimedhegstwitth and rol |'s
on said rack (15) of said rail (6). 180. Wnd system (1) according to

claim179; charactetdsed) Rebbadinotoeatdindfissai charodubesedinsadt said

generating systenm conprises at | east one generator/notor (21) directly

PO TH I LAY Y (3) 8781005 Slecdhd dagtheg wheel s (18) of said
157. Wind system (1) according to claim 155, characterised in that said
first winches (24) are connected to said first electric motor (28) through
gears and by interposing at ieast one epicycloid-type reducer.

158. Wind system (1) according to claim 155, characterised in that each
of said first winches (24) is connected to one of said first electric
motors (28) by interposing at least one epicycloid-type reducer.

159. Wind system according to claim 155, characterised in that around
each of said first winches (24) said rope (4) is wound for three quarters
of circumference.

160. Wind system according to claim 155, characterised in that a surface
of said first winches (24) is shaped to house said rope (4) and inérease a
contact surface.

161. Wind system according to claim 155, characterised in that said first
winches (24) have different surface roughness.

162. Wind system according to claim 154, characterised in that said
winding and unwinding system (22) comprises a winch for each of said ropes
(4), around said winch said rope (4) being wound and performing a limited

number of revolutions, such that there is a single layer of windings.
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181. Wnd system (1) according to claim 177, characterised in that for each
of said nodules (5) said generating systemconprises at |east one

rever si blworaeyedisec | i near notor adapted to operate al seCagTryesrarassor. WO
2008/ 120257PCT/ 172008/ 000089 182. Wnd system (1) according to claim1,
characterised in that each of said nodules (5) is equipped wth permanent
magnets, said permanent nagnets inducing currents in said el ectromagnets

wi th whj said rail (6) is equipped sao that, sai r ate
: m?ntei(?% rFefia e <6 RO ERE riter g AE TR g et Fodar o (5)
evitate, : nd system (1) according,to claim 182, characterised_in
that saiHnq3ee nateme SYRFE H¥ hetP By 1 St ePE ottt Cdr S%Joc{ éﬁBﬁjséﬁ ?L%4.
Wnd system (1) according to claiml, characterised in that a nodul ar
conposi t¢amn dlosaptrperhafraed ragaet sushddobyr BEPeEsy vangl & t§3Ghaghet f
faced on said rail (6) and on said nodule (5) brings about a continuous
vari at i emicpf shitluoed f4)ous thwdrmgda rel ative translation of said nodul e (5)
with respect to said rail (6). 185 Wnd system (1) according to claim
184, chagactgiricsedsidh bhabr@iaigdtd |Qwinal,i ahhonsarissdiih ehectitomragnesssar e
coupled with electric energy collecting wndings. 186. Wnd system (1)

accordi pg. ta- gl & m184cchesagheni sedihg dRatnsaiy ebecddibcranrengy.
collecting wndings are controlled by a power el ectronics.
165. Wind system according to claim 164, characterised in that said
storing system (23) comprises at least one second winch (25) for each of
said ropes (4), on each one of said second winches (25) said rope (4) is
wound or unwound, said second winch (25) being connected to a second
electric motor (29) controlled by said smart control system.
166. Wind system according to claim 165, characterised in that said
second winch (25) is connected to said second electric motor (29) by
interposing at least one epicycloid-type reducer.
167. Wind system (1) according to claim 165, characterised in that said
second winch (25) is equipped with at least one driving module (26)
adapted to compel said rope (2) to perform an orderly winding on said
second winch (25).
168. Wind system (1) according to claim 165, characterised in that said
second winch (25) is assembled on a trolley sliding along a rail in
parallel with a rotation axis of said winch (25).
169. Wind system (1) according to claim 168, characterised in that a

sliding of said trolley along said rail is controlled by a sliding

mechanism together with a rotation of said second winch (25).
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187. Wnd system (1) according to claim 183, characterised in that said
per manent nagnets are neodym umiron boron nagnets. 188. Wnd system (1)
accor di ngvoaoed/i20257 183, characteri sed in that a connect iPOm/I01008610039

per manent magnets to said trolley (11) has two degrees of freedomlike a
ball -type articulation. 189. Wnd system (1) according to claim 183,
characterised in that a connection of said permanent magnets to said
trolley s, in a barycenter area of. sai er manent et

2008/ 12%)7(29% PR T3608 00008960 o n%l%i}‘sgé %‘ér&%%%ﬁl&g gt oth\é\lgars%l(i
characterised in that said smart control system operates on said first and
second §HisERESCPANigR)isopcmtgdwhdl KB Eh L ERWIHTIRAYP S FeRETR1(82)P% P83 d
ropes (4) and of said storing system (23) of said ropes (2) for guiding
sai d ki sreart2yortiropgswdied-f 1 i ght trajectory. 191. Wnd system (1) according
to claim25, characterised in that said smart control system conprises a
sel f - cal 7thr atinan sgsthsy sti¢matasrddagdtsetlaih §2hsarsrefteardisddkin echa2) said 92.
W nd system (1) according to claim?25, characterised in that said snart

control sEYSheMLOARI 488 BoriRlckesi N spI@eNtH NGl s1bsy Sicedt et waearsatitdg ki te
(2) and flying objects. 193. Wnd system (1) according to claim 25,

charactgglgggﬁdﬁe cyR8bfy STREL Y &QRELOl System conprises a conpensating
subsystem | oad vari ations of said ropes (4).
172. Wind system (1) according to claim 1, characterised in that it
comprises for each of said modules (5) at least one transmission system
adapted to guide said ropes (2) towards said kite (2).
173. Wind system (1) according to claim 172, characterised in that said
transmission system comprises:
- at least one pulley (35) assembled on said trolley of said recovery

and expulsion system of said kite (2);

- at least one fixed pulley (33) directly constrained to said module

- at least one pulley for each of said systems for absbrbing the force
peaks of said ropes (4);

- at least one pulley for each of said systems for frictioning said
ropes (4); and

- at least one pulley (34) assembled on sliders (27) of said driving
modules (26) of said ropes (4).

174. Wind system (1) according to claim 173, characterised in that said
slider (27) slides along a rail in parallel with a rotation axis of said

winch (25) of said storing system (23).



194. Wnd system (1) according to claim 26, characterised in that said
supply system conprises at |east one power supply. 195. Wnd system (1)
accor di ngvoaoes/ 2025726, characterised in that said suppl PCIHE20080@OSPT i ses
at least one transformer. 196. Wnd system (1) according to claim 26,
characterised in that said supply system conprises at |east one _
accunul ator. 197. Process for producing electric energy through a w nd

Sy om L) B Bl 0 £) Aldichai AIALACLRILS o) 1 chBL o d: JCRPE L SBRue FO"

each one of said Kites ), the steps of: a)gdoverning sai i 0

e cctonniol PR Lo,lg) Bl kel g ALy (2) Braseots Liansvaranll X
mechanism together with a rotation of said winch (25).
176. Wind system (1) according to claim 175, characterised in that said
sliding mechanism is actuated by a fourth electric motor controlled by
said smart control system.
177. Wind system (1) according to claims 25, characterised in that said
system for generating electricity also operates as motor, said generating
system being actuated by a translation of said module (5) on said rail (6)
when it operates as generator and being controlled by said smart control
system when it operates as motor.
178. Wind system (1) according to claim 1, characterised in that for each
of said modules (5) said generating system comprises at least one
generator/motor (20) directly actuated by a rotation of at least one of
said wheels (16) of said trolley (11) of said module (5).
179. Wind system (1) according to clainl‘l, characterised in that it
comprises for each of said modules (5) at least one toothed wheel (18)
that meshes with and rolls on said rack (15) of said rail (6).
180. Wind system (1) according to claim 179, characterised in that for
each of said modules (5) said generating system comprises at least one
generator/motor (21) directly actuated by a rotation of at least one of
said toothed wheels (18) of said rack (15).
181. Wind system (1) according to claim 177, characterised in that for
each of said modules (5) said generating system comprises at least one

reversible magnetic linear motor adapted to operate also as generator.
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current (W, said kite (2) tensioning said ropes (4) connected to said
nodul e (5) of said wind system (1), translating said nodule (5) on said
rails (6)woueisieozm7dr aggi ng ef fect and goi ng away from gairdrzoosiodoesy 5) by
unwi ndi ng said ropes (4) through said first winches (24) by neans of said
first electric notors (28); Db) governing said flight trajectory of said
kite (2) so that said kite (2) proceeds along a sane direction of said w nd

current .said kite ) _tensi.oni n al d ropes connect t o _sai

modul 6 15" L ST d et e el O A RS TRRINE BByt Silafs
rails (6), due to a dragging effect and approaching said kite (2) to said
nodul e ) b‘f}oqugﬁfndﬁhg $ai (HOp_e FATR t RFBIRIT Sai™BIFFSt  SRITE ST EDF)T by
means of said first electric notors (28); c) governing said flight

traj ectBignedf Falugirg t@ureptson kaid sdisgtkotasneds witdcvbdd spradsirdls 4Pl v
with respect to said direction of said wnd current (W, said kite (2)

t ensi oninhgasapped epeshat4 patdmmecerts porshi genochileea(Bigreftisaiigldi Hutsyst em
(1), travelling said nmodule (5) on said rails (6) due to a draggi ng effect
and novigigpsavayo sae dirddutend 2nef nomrgasdidaddbee (B) byvitawendi ng said ropes
(4) through said first winches (24) by neans of said first electric notors

(28); disgoveral BYseal d1f! iag&smtihgj estaryimof gsai dhakbteeiZkason thatk said
kite (2) proceeds in an opposite direction with respect to the direction of

sai d vvi]?gr.g L hout geperatl pg Ay br akipg.gff ect for said
transl ati onHéégrsﬁ%?éggrrso%Fe é(i%))e 2?3‘?553:%% %\A) nd system (?L Sby rew nding said
ropes (4), through said first w nches (24), h ans_of said first electric
not or s ) %ﬁﬁd S e@ody 12658 / I%O%)@%b(%%c% rraé%gl:oftsier?g Jtnhe@rba(r%eval1 ous
steps. 198. Process according to claim 197, characterised in that said

steps aJORRaror CHPCEAHIGY Of afaidr RHTERE or WPNEET urd™ut Shat FEIEOLVE

t hrough said snmart control system .
electromagnets faced on said rail (6) and on said module (5) brings about

a continuous variation of induced flows during a relative translation of
said module (5) with respect to said rail (6).

185. Wind system (1) according to claim 184, characterised in that said
flow variations in said electromagnets are coupled with electric energy
collecting windings.

186. Wind system (1) according to claim 184, characterised in that said
electric energy collecting windings are controlled by a power electronics.
187. Wind systeﬁ (1) according to claim 183, characterised in that said
permanent magnets are neodymium iron boron magnets.

188. Wind system (1) according to claim 183, characterised in that a
connection of said permanent magnets to said trolley (11) has two degrees
of freedom like a ball-type articulation.

189. Wind system (1) according to claim 183, characterised in that a
connection of said permanent magnets to said trolley (11} is in a

barycenter area of said permanent magnets.
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199. Process for producing electric energy through a wi nd system (1)
according to claiml, characterised in that said first notors (28) have
al so funcwpapes/eb25gener at ors, produci ng el ectricity thr@aghTz08/000889 on of
said first winches (24).

190. Wind system (1) according to claim 1, characterised in that said
smart control system operates on said first and second winches (24, 25) of
sald winding and unwinding system (22) of said ropes (4) and of said
storing system (23) of said ropes (2) for guiding said kite (2) along said
flight trajectory.

191. Wind system (1) according to claim 25, characterised in that said
smart control system comprises a self-calibration subsystem for said set
of sensors of said kite (2).

192. Wind system (1) according to claim 25, characterised in that said
smart control system comprises a collision-preventing subsystem between
said kite (2) and flying objects.

193. Wind systém (1) according to claim 25, characterised in that said
smart control system comprises a compensating subsystem for load
variations of said ropes (4).

194. Wind system (1) according to claim 26, characterised in that said
supply system comprises at least one power supply.

195. Wind system (1) according to claim 26, characterised in that said
supply system comprises at least one transformer.

196. Wind system (1) according to claim 26, characterised in that said
supply system cbmprises at least one accumulator.

197. Process for producing electric energy through a wind system (1)
according to claim 1, characterised in that it comprises, for each one of
said kites (2), the steps of:

a) governing said flight trajectory of said kite (2) so that said kite

(2) proceeds transversally with respect to a direction of said wind
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current (W), said kite (2) tensioning said ropes (4) connected to said
module (5) of said wind system (1), translating said module (5) on said
rails (6) due to a dragging effect and going away from said module (5) by
unwinding said ropes (4) through said first winches (24) by means of said
first electric motors (28);

b) goverhing said flight trajectory of said kite (2) so that said kite
(2) proceeds along a same direction of said wind current (W), said kite
(2) tensioning said ropes (4) connected to said module (5) of said wind
system (1), translating said module (5) on said rails (6) due to a
dragging effect and approaching said kite (2) to said module (5) by
rewinding said ropes (4) through said first winches (24) by means of said
first electric motors (28);

c) governing said flight trajectory of said kite (2) so that said kite
(2) proceeds transversally with respect to said direction of said wind
current (W), said kite (2) tensioning said ropes (4) connected to said
module (5) of said wind system (1), travelling said module (5) on said
rails (6) due to a dragging effect and moving away said kite (2) from said
module (5) by unwinding said ropes (4) through said first winches (24) by
means of said first electric motors (28);

d) governing said flight trajectory of said kite (2) so that said kite
(2) proceeds in an opposite direction with respect to the direction of
said wind current (W) without generating any braking effect for said
translation of said module (5) of said wind system (1) by rewinding said
ropes (4) through said first winches (24) by means of said first electric

motors (28); and
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e) repeating the previous steps.

198. Process according to claim 197, characterised in that said steps a)
and/or b) and/or c¢) and/or d) and/or e) occur automatically through said
smart control system.

199. Process for producing electric energy through a wind system (1)
according to claim 1, characterised in that said first motors (28) have
also functions of generators, producing electricity through a rotation of

said first winches (24).
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