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WD 2008/ 031446PCT/ EP2006/ 008959 1 Steering unit for
free flying, confined wi ng el enent The invention

wob@s@ressto a steering unit for a wi nd propul BECDRP2006/008959

system the steering unit conprising a first fixed
attachnent neans for securing a first end of a
tractive cable the second end of which is secured to a
device or a vehicle to which a tractive force shall be
transferred, a second attachnent neans for attaching a
5 first end of a nunber of tractive lines, the second
end of which being secured to an aerodynam c W ng

el enent. A nmechani cal support frame connects the first
attachnment neans to the second attachnment neans to
transfer a tractive force. A further aspect of the
invention is an aerodynam ¢ w nd propul sion system
conprising such a steering unit. Still further, the
invention relates to a nethod of iocontrolling such an
aerodynam ¢ wi nd propul sion system A w nd propul sion
system according to the invention basically conprises
an aerodynam c wi ng el enent which is connected to a
steering unit in close proximty to the w ng el enent
via a nunber of tractive lines. The steering unit
itself is connected via a single tractive cable to a
vehi cl e or an energy converter, to which WO

2008/ 031446PCT/ EP2006/ 008959 - 2 - the tractive force
generated by the aerodynam c wi ng el enent shall be
transferred. Exanples of such wi nd propul sion systens
are disclosed in W2005/100150 and W2005/100147. 5In
order to broaden the field of application and the

efficiency of such w nd propul - _Sion systens It 1S
gener al | Stegasg st fof Heerflying eonfinediwiad slemet
aerodynam c wi ng elenent. Wien ainmng to provide an

efficient W nd propulsion system whi ch may for exanple
be used to tow cargo ships it is necessary that the
aerodynam c w ng el enent, such as a kite, has an area

TH ind&fioh PelafRRA8%: stéerfRNGittor Rk BBpaBRA-system, the steering
unit comprising a first fixed attachment means for securing a first end of a tractive
cable the second end of which is secured to a device or a vehicle to which a
tractive force shall be transferred, a second attachment means for attaching a
first end of a number of tractive lines, the second end of which being secured to
an aerodynamic wing element. A mechanical support frame connects the first
attachment means to the second attachment means to transfer a tractive force. A
further aspect of the invention is an aerodynamic wind propulsion system com-
prising such a steering unit. Still further, the invention relates to a method of

controlling such an aerodynamic wind propulsion system.

A wind propulsion system according to the invention basically comprises an
aerodynamic wing element which is connected to a steering unit in close prox-
imity to the wing element via a number of tractive lines. The steering unit itself is

connected via a single tractive cable to a vehicle or an energy converter, to which
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10 ciated with such |large scale wing elenents is the
control of their flight. Mreover, since it is desired
that the wing elenent flies at a hlgh altitude in

WOG0RRIS1446 use the increased wind speed presenPCTAEHES089S)

it is not efficient to comdect the wing element to the
ground attachnent point via nore than one tractive
line since this would increase the weight of the
attachnent neans. Thus, it is necessary to connect 15
the wing elenent via a nunber of tractive lines to a
gondol a which is arranged close to the w ng el enent,
thelterctioes foroe gporcéd biyttBelderddynamitneingeelementishalk ge trans-
agéachnent poi nt on the ground or a vessel via one
si'ngle tractive cable. Wen sel ecting such an
arrangenent for the wind propul sion system a first
Exsmoiies of issch véndvyomisien sestemg ard alistiosedt inoy Qa9854178150
ar?aoxﬁ/g?%o%mbﬁ?ﬁ‘" ng element 20 with the associ at ed
I'S an object of the invention to provide a
steering unit for such a gondola which is capable to
Ini argerdo dreadvienghe Eeld i applivaliepandiheraiiciensytal sHCWINg RrARY!-

s18r§ 9?%%&% g%%h@rtaégd%lf; %Jgrha@%rtﬁé‘gﬁg%?tthé SerloBEnIMRE Wg

ner a , is desired to mnimse
eletmentxvé/vfg&ﬂ aigiingcte rqrpyrdem@ amejmwwaﬁ proRelsipentystem »hichagay

fo% rgé%?ﬁplg Yol dsed thYou % ?WSHQS alig H@JESS&@‘!%H@& B8R, it Rfing

Ive force transferred a§e att achnent
elpoient, sueliag B)kita, hag g@are@a@‘é 68ft0 |599_~<Pm| £ genesak rroplgm asso-

Cig%@%\lrl%ﬁegﬁ: 4 @écgﬁe \MES e}@n{&\tse&%’{@%ntfb@gﬁﬁw'eﬁql%wt Moreover

wever have to be transmtted
sigemitl s @zasmeé “ﬂ%ttth%W'f‘rQ glament et atraibiah aﬁ*t‘at?%@rpgﬂ%rntawse the

mE%‘gg&{l l/v% §HeeB 'b‘?esceHPﬁ%Fé |t5t§ ﬁb‘tcéfﬁ{iﬁéﬁ Ve kHeRt fhféQNlng element

aaneCt of he i nvention to
tozmewrg@mawmeapp@mwmwg@gthan@ne Ve dae a%'rsc@ete'ﬁ wRyld

m:dnré'a‘ée fRE wakHR of tr@Q@é&rﬁwéﬁﬂ'n@%anﬁh@“ it0iRt A T gy WeicBrect

nrelation to its capability of transferrin tractlve
theowipg lensent] yia pururpkar of jtiactive iesdpa BYndRiz vdichy iy grignged

c@&g‘t& He WK Eieh%t \Dﬁéréaﬁftr%f Sofoid REeiMisheorileers@nio 4 Hase

ase control uni't which is arranged in close
aftgahgiant pginben teearpyrskor a vessel via one Single tractive cable.

When selecting such an arrangement for the wind propulsion system, a first
problem is the way of steering the direction and the speed of the wing element
with the associated gondola. It is an object of the invention to provide a steering
unit for such a gondola which is capable to improve the steering behavior of the

system.

A further problem associated with such arrangement is the weight of the gondola.
Generally, it is desired to minimise the weight since (i) the weight of the gondola
has to be carried by the wing element thus decreasing the tractive force trans-
ferred to the base attachment point and (ii) a larger mass of inertia affects the
maneuverability of the wing element negatively. However, forces which have to
be transmitted by the gondola are rather high withstanding a dimensional reduc-

tion of the support structures within the gondola. It is an object of the invention to
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5 attachnment point. Usually, this requires

transm ssion of control signals fromthe base control
woumistodt«act he steering unit in the gondola i n BCU@P2006/008959

control an actuator in the3steering unit. A general

probl em associated with such a set-up is the risk that

the wi ng el enent m ght becone uncontrollable if the

transm ssion of the control signals is interrupted. It

is a further object of the invention to provide a

towi nd propul sion system which is capable of reducing

pr@ﬁru@\éﬁgrc@kh Iun@t foNGubmias gbmdtlia WhEPOREE G dMinfizdd Welght in
aspect of e invention, a steering unit as mentioned

re%@%é’it%c%ﬂaéi}‘?w&rar\ﬁf?érr‘@ theqtie I¥ERDNd attachment neans

conprise at | east one upper fixed attachnment point, a

srhrﬁruhharowagl@bﬁer@w @@bé’@%@ty fodotrol merﬂr@htpmetakﬁ of the wing
attachment poi nt teeri ng actuator nea

cIgRPy TR Prie o SRR bR B AT P CABR PABYS! he base

atBicha@RfTB&ht. Ljually, aRR fef6irdsefrindimyge ot catttaciymi from the
poi nt and for varyi i stance betvvegegl t he

bqsewatrartrra*aﬂﬁ%%ﬁteﬁarsgrmémﬂ? SENAOIG AT Orlsy Ehggro! af dctuator
inahé JERARG tunROA Henerdl ®rédiErrdsBgeistad twitkCouahda Bgt-dmistthe risk
i nvention provides a sophisticat gd Seéﬂ&f for st. eerrfntg
thah theeitay AigMet WAG! el neatiolRR 1t Ho LpBsmipRgn of te
cdi®l §|QQQIBQ§Mteﬁﬁpt3@ tthe aSﬁJ&Eéri @tgedctrtbftthé erh\reerﬂommo tphﬁllde a
provi si on of fixed, | e and

a % K
RO o PSSR [56PREDIEGF AR RERT RyC FlsPpEd s s
tractive lines attached to the aerodynam c w ng
AGdRiBGto akiedt PGS tite itnh@ntloﬂversteleﬂng uhhezstmmmrbnéd xb@\/e is

attac nt or a t such. up
oiaviladntoreh dinpectncbaBitiget dleafs REVE ol upoer
fixddl ttachffendipbie hg deft @noareaﬁléta“tailchrmamt p@rﬁt taheght moveable at-
aer od%nam C

The
GRRRCHAORL 96 HEeTs anPaRbars He VARt BT g g peeer
tHe! @sPet Yiged amnvdm@bmmad ahd tthadvdableaattadhimenit geinpand for

of the aerodynam c w eerretan the ri ht noyv b
VAl PaCRAeTIPaRET %ﬂtW%efhﬂ%aHa%%r Hipdoalag E USRI iRkt
movastlé weadHnm&s patrtached to a right-side part of the
aerodynam c W ng el enent, respectively.

008/ 031446PCT/ EP20 6/00895
THR SR B0 RCPEHRIIEDI G 4 o RESLE SOD'RYS AR BpLE%r
s(é@:ruﬁ@ %naétfiodi)harm@pﬂmg fel enesht attthalodtrteretpoiThe bamd concept of
sel ecti ve

dditi [ | { d th t

oo L L0 R B 5 R el RO et 1
mmpsusrefalttxadne:ttt;ﬁmhrfamttamingtthertettetr@etmmw litesséttgobedto the
P IFEGCVP A TPt oGP fooft P B wisGUdios ef 44BEn-
nmiEt bbietibak plirbkty gg eoet uppershep eatathbet rammtedyaanmmected to
RHORTIESTHECR G ARSLE § Sl Mot BT Bl G ARG ele-

rﬂtaﬂgﬁtbﬂamoaeajlmdttachrdemt mim:tersfarmngad tafyeeattddheddo those
PR SEERAE andcdolle AT AR R BRI Fifd ote-
ridie Ghidr @e-righ@trhovedbinattashndre mireesiargnged ttodra arranged to
trséigtlrv%chné/selaya(%ddl %I %nr%r%tysr eeggrt oq t¥1e aerggfnarrﬁé q/\ﬁné rlalement

respectively.
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a direction away fromthe steering unit. Preferably,
the aerodynam c wing el ement has a cross-sectional
shape which is bent as this is known fromprior art

WOoRbas@s14nd the curvature of this bending is vBET/ER20HE008959

novi ng the noveabl e attachAent points. 15According to
the invention, the noveabl e attachnment points may be
arranged outsi de the nechanical support frane of the
steering unit. However, the point of |oad incident for
transferring the tractive forces of the tractive lines
attached to the noveabl e attachnent points is _
"rﬁ.l‘se&eﬁ'ab’(ey\rrqthaﬂwmai Hehieert dre of dippoovedtiaatiachment points

t f t f
o By P B TR s S gY sBBbnalf1eending the
drﬁeh(&Cbet\A@leyi te iothangneveablet attachalent poiat Bre thi vpeer fixed, at-
the first f th t
ool ich, SR 95 kA s
alfefe&ry indoragr tdﬁehanwhmerfmmmleetrcmt eftbameng efsorant.. InwWarticular,
th%%so rrfecfg %Pee?ﬂgg% aﬁr%% h%l%ng%ﬁoéé% FORERAL & a

nent pol nt 1Is
yaﬁhetawdshvabe nwitkrivi the) twa Enobeehtﬂe Biachmeentippiets arerarranged at

the di stance 25
o S Bkl e 23587 08 DR B Lt Sppmeren
sHapeNiBelen tHeca@esgthnib evirpsletriest @i Endvoenecsidh i Berdiec-
one of  t t.achnent
e BlaRE <P PR B B SO T s
a gfr€Riohgvagdtanathersteeragunitonpri se a driven wheel
rot atably fixed to the mechani cal support frame and a

P eeré\})ly &h\llemeéeﬁrgdy %rr% yﬁéﬂéﬁﬁﬁgﬁ%@é | Yo Q0uaREL3 QHAGE WARK is

Ir S
bEHI0RY BBl BABREF E@@O@mrmgw ang the pwaarueﬁ #f thindending is

G %’bflag s gwaé"rlﬂg'f o RhAbfe second end of the

e rig t foveabl e attachment poi nt .
According to thrs preferred enbodi nent, the driven
Ammeuhgstermesnwnpm the opveabial altAR TR PO e be arranged

r%%ttée\! ol d:?r‘éﬁr@él &)bﬁgra% biBe RRIEBAG LRIt A bREVETEMe point of

active forces are transmt- s ted
loadancaderatfpotrahsfb@agrthgéraétwq fpecapnidhe tiachive frees attached to

H%Q?éligf !attacb%%ﬂf \Ah{s%reférgﬁly\éﬁrﬁﬁéemf{hrhﬂwéjéddb%ﬂ flyne.

ric ose speed of rotation is
preferably transferred via a reductijon &ﬁar to
a&

Asbrrding to lacfiretretenie imenaagiment. 1gSERRIN &faﬁew Somprise
aW}a%ﬁJatorTfB? sél@gt%w %rrggeﬁrbeﬁﬂb( ah@méﬁi}eeﬁrtr@ﬁoﬁg afe dirst end of
|'anetary gear, har noni ¢ drive gear, sumtca;mc? ear
e bt BipViding @eaeﬂ mosephiErtaBITERGRET FBF e aeT gt Rene
b3 DYERIME B riRYmBeedbRAkitddfhent pint.aViteIBE peeBrred embodi-
ment, a simultaneous movement of the left and the right moveable attachment
point is achieved when driving the belt in one direction. In detail, the distance
between an upper fixed attachment point and one of the moveable attachment
points is increased whereas the distance to the other one of the attachment

points is decreased.

This embodiment may be further improved in that the steering actuator means
comprise a driven wheel rotatably fixed to the mechanical support frame and a

belt, which is at least partially wound around the wheel, the first end of the belt
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nected to the wheel and being eccentrically actuated
by a linear actuator. In particular, it is preferred

wotétoztdae dri ven wheel is a toothed wheel andr¢heErPhobnosos9

is toothed to be matingly-geceived by the wheel. This
assures a safe transm ssion of the rotation of the
wheel into a novenent of the noveabl e attachnent

poi nts. 15According to an alternative solution, the
steering actuator means conprise a first actuator
attached to the support franme and adapted for varying

p.uﬂ@w? thé m%&@bmeé}fatchmeupﬁarnt fah eHe aleband BRAtOfRRE NHelt,
he |l eft noveabl e attachnment point and a se

d
pravigingttee riaht aeMerble GtepRMmeRiRRInt APF%{H@QaR%‘“&d%{&f o%df%ﬂ‘

bodfhditNBeldiCed WhbansvdrehyBsint sMead/PRRienf fox e tractive forces
at t achment poi nt and the right noveable

acting RAdhe rqwﬁt@le a’qfﬂ%hf\“*i""r’féit"”ﬁﬁ and éft?éﬁdra&ii‘(%gi’(?ﬁs g rapgmy-

ted Q%U%ﬂoﬁapﬁeé}bhgﬁ%‘ﬂ'thé? whibl iRELheRberanfdal §@ppﬁi’r\tdfraxﬁe The
attached to the port frame and \Nhl%h second

wheehiayee frieen Ry on z%lﬁftrtqq@owgm%ﬁ&% o& f%{??%ﬁn%ﬁﬁefab'y

tré?\gferr‘ﬁed Vi&anealidtvnl gear 8 o Whed, h@reﬂ?@ﬂh@hcnﬁ? e tor@ek act-
odi nent, the support frame conprises at |east one,

m@péftae athrepl. tT\XJG r@P“‘Pﬁ?f‘él%au iRy be ﬁP'SP‘@Q frope g planRiary 4875 2

ha?»MBHefotnvE@@gﬁarm.mﬁﬁ%fgﬂaal@w PPRAGESE two or nore
support plrates arranged at a di st ance from each ot her
and sandwi chi ng the at | east one u

Othef a@iﬁmfobapw%ﬁlet%efw@e may rﬁé Iedw§59n§‘ leygr Gon-

ndcbiBto@R® AR BBIHG behbddeniriealy adtuatbe bs wpipest adtudtor i s
reali zed which allows for a Iight-welght const ructl on

and safe transm SIO of the tr ctlvef es . ac
InpRftisulanet wﬁ%fr? meéﬂiee drifpRruhes, Pﬁt*ﬁ%ac’b%e' fpeoeltis

toBRRU @ 6 b WiRRglyreai v ikl vt e, m&\ﬁsﬁaistsal'éss a sdfe tdangrl'mtssmn of
WO 2008/ 0314 PC,T/ EP2006/ 0089

9 - 6 - | all
g Feanon of R YABENsA TRUPERDI Otk ey e P Bl
the two support plates nmay extend fromthe first

Adddr@ish e ah aneaasvd Qoltltitm tppsteefingactuatbt aehnmecbmprise a first
ccor

<58 GFndiCRO L b, o Bt PO ERee
between the upper fixed attachment point and the left moveable attachment point
and a second actuator attached to the support frame and adapted for varying the
distance between the upper fixed attachment point and the right moveable at-
tachment point. The first and second actuator may be a pneumatic or hydraulic
cylinder which first end is attached to the support frame and which second end

provides the left and the right moveable attachment point, respectively.

According to another preferred embodiment, the support frame comprises at

least one, preferably two or more support plates.

Further, the support frame may preferably comprise two or more support plates
arranged at a distance from each other and sandwiching the at least one upper
fixed attachment point and the first attachment means. With this embodiment, a
structure of the support frame is realized which allows for a light-weight construc-
tion and safe transmission of the tractive forces acting onto the support frame.

The support plates may be manufactured from appropriate materials like light-
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wopoes@n44d enbodi nment

5 first fixed attachnent neans and the second
attachnment neans are connected by tensional fiber
rovings for transferring the tractive forces. This

the main forces acting between the first fixed
attachnment nmeans and the second attachnent neans are
tensional forces and thus, a |light-weight structure of
the steering unit may preferably be realized io by
connecting these attachnent nmeans with a structure
which is particularly adapted for transmtting such

nteﬁﬁiﬂ%i oymliibEoraigsrcedqoomtirn gr tee tiee Ippeftenieedhe two support
ment

ber rovi ar e ed .f

ol PP rpBr e Sre Al R b e B B B et
pbin@sn gl ass fibers, carbon fi bers and ot her fibers

wel | suited for the intended purpose. According to the

di nent er .of

prﬁ?lﬁla?gfhfgrtﬁ?rb%r errﬁgy edgrﬁér‘gthég ddo%’ ?g;fﬂ)altd%aﬁg%ed& tRe
ﬁrrsoﬂkengaaamﬂmmy ninzans a1d<ihaolsecbn¢anam“nmerrmne@se@remonnected
by &%rgllo&laf th?{ roxllggs gat \rl\?'nxsfenprtége EHea{raec?ul(/% 2OHEE§ hﬂﬂé %?éferred em-
boditrennesivs ng taé cohelusibbethat theunaihdoerces tactlrsg petfeenrtag) first

t f .
AR e AR 2h I s SRR ABE b AR plstBnSRAices
ahd ftats, Bilgatwaighastumeume &0hersesngndit tfay arpfeesbly bg agealized

t .
of 1 Ser vos dsnfght Medat Rip 1R b R 2RficBlary
aﬂanscu dovatradsnitingr such rtgssidmat fOncaﬂsA@nordln@ te ltfee prefetredsem-

Th b |
bB@E‘?ﬂg Qe{lrg}uﬁ%@vgag% g'?né f+r tr%r?srférhﬁg {1 ér%égﬁ%e?ﬁo?céésgdfhe fiber
rélirgRr inag bensdlested frout gigsy ffibersupanben e"»bam ang cingrciifters el

s, of t [
S BL e ned 5 e SR 0k Bl A TP
IS mam tbrpeoxsdqopmomng)lwee”@ecarmav ghtarrbeg@d parateldn Hre rgving and
ance, fr. om [ | -
OSREGST PhREeHRRy chePbPat g e ot Mg or o me
cpbrawsntm:taenmatska mefvlstnwctnlteﬂaalngfcm wrﬁ@@,veaemz@étrhet ﬁ?@ri‘r ods
are transferred mainly via the fiber rovings, thus

Fa\r/'t%rd {1% Br%?evryedl ﬁ%gsth@%ﬂgggt ﬂgm'iah@orﬁb’r%@@rét IBhAt B8R étibport

arran i ber roving

pnatennarrlaeg@ :ao;al distapce fiym 2@0’8/@&[4&@3@?/ frs died @ﬁé%@em
eans andr{i‘ug %géércﬁyearattabﬁméﬁ gl r?fa?é r&d rw@&xtéﬁlﬂng from one of

enS|ona rrse a tirst set of

thovipryst dateade me theraarfd being Weévedtq’!ete%%@% rf 'P%'loé{t”@§ for
t%?.gfeﬂré nefiah nrgctt?\}aet fofes WEQ%O@% e %rﬁarﬁ&ﬂér‘?epr@fteh@ﬂ beBfuse

sup ["at es he rods are secured
ichlows fooa tu@ketrwelemtoﬁrumuxeadf tmetSItﬁaﬁ'nt; haitayithgst ¢ivige aPaslengnt

r%gc%n ugfgpefrﬂége& {h%megdﬁ@J&groﬁrtﬁJ% tHs SAHHWINSht, the tensional

I's real wherein the mddl e part of
ftblaercwm@s nmalyt seintegraied ite Hervwpaert Elgtqﬂ orgpight %a@ﬁr&ped ata

Jlsqgﬁé?enﬁo fthEh&gﬁBQSm&EQ Fhd CAHB Sl Betbrdly tdh@clukgr secured

rovings for tr ttin e tractive forces and fi xed
thmmnrm shep®l plates W}bF«‘Eﬁaésthﬁ dracienal {piegs tirdWeRib ikt FdSapre

t%ns?e'?r%@rm&w \Fé 'ﬂﬂé htyer rB\Iﬂﬁ d, i@ é\Rﬁdlﬁ’é hEQ\@/( Ij@h&élgbﬂ'@%n the

'nts and att s can fur-

suwpor@\wlaﬂes in casqtof @ se@atatgﬁaa@serm@ﬁtof theplerrpyirgp from these
a%%gchnent poi nt are provided and these upper fixed

tachnment points and the first attachnment neans are
cylindrical rods extending froma first support plate
to a second support plate arranged parallel to the
first support plate and wherein the cylindrical rods
are connected by tensional rovings which are at | east
partially wound around the rods

relies on the concl usi oRCT{ER2§06/008959
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15 and which conprise a first fiber roving extending
fromthe rod for the left second fixed attachnent
wopaisnti#4e the rod of the first attachnent neaR€J/ER2006/008939
second fiber roving extendrng fromthe rod for the
ri ght second fixed attachnent point to the rod of the
first attachnent neans, a third fiber roving extending
froma point of |oad incidence for the noveabl e
attachnment points to the rod of the first attach- 20
ment neans for transferring the tractive forces. This
inpRkcURr of ist hrefericaanhinge Ushdiordl edirtiRscangdrizeal fisf séti ofdiber
attachnent points, wherein tw of the attacQgeq
et of rovings

roypghediacelit to Refitet ang pliBe|SuRBRT RlAtesBUb AeG0"

adfddeAn gL theobthbh@ngidtape %ﬁpﬁ(ﬂ@ pRR&L By thid) ﬂhé rédsl ate/\@ecured
attachnent paints for the tractive |lines

and
cleser Rrigel epﬁs Axed Mithig the supPQt PRt Rh NG S%t tef}pgr rovmg A%

th® LRI doRshoR RN iPRaNisd, whaeesiireeemlkidee gdrt afcthe rcﬂﬁ may
ment point transfers the tractive éorc s to_ at

sepyreapaitpgn RNt AR anAdRIEAE "GHPEHOS edpia Ef?e%trct“H‘SPH 36d by

the YBBP FdvirlstbP FrandMittiyl e taactid fdrc&df afd fikehsdthihatie support
attachpent points is provided within the steering unit

Ma@aﬂww@ﬁﬂmaém¢9@Dm%v@@§”%mg%msNEmn fixed attachnent
points and the point of |oad incident are transferred
Fihant B fitdtdh dltheahaeteriangs aAe cttadhmentt mearlnseoan be fur-

enbodi nent , th| transfer of trac
thge IR el i8gh %ﬁ%%ﬁ#%f‘@htf‘f%’éf f'f‘%{/?t}%@"@?? BRiat fge Rreyed
ar&fi@’(bs@fuﬁdée fixbd %Iféﬁﬁmenpﬁblﬁtssam tHReD ifirdt alfachmadt means are
i nci dent resE ctively, .tot er{ %t attach npans.
CM“ﬂdf'%a' PRS0 PXIR '”EJV%ﬁ first SHRROT RIE] 7 865958 S“PB?/ r@a
B NEIRY it6l ek IAyst BOBp& l@@t@ aﬁd bﬁferém\/theg:ymﬁdrmlal rod® are
20 8/ 031446PCT/ EP2006/ 00895

wound, aroun th%
corpRste by PR FEGROSNHGH eror atieaet PRI Bou Blsafthe RGs
a%g\/ﬂ?ﬁ fboHlﬂﬁifsé L?Wlsteﬁtfe@(ﬂ@mﬁmdxtbh@n@t‘rbﬁcmﬁgng foretha seft second
itiona i ber rovings et ween
A 2SN ES PPB (i 8 SHBE ST 2t REeGF Merge v gPeond foer
roS/trng&&éHcfmg ﬁ@ﬁhoﬂhdl rog f(brOth@myhh eécqudefﬁmjrawcemaodpmmto the
| east one of the npvea

rogngf/tgp firstatiachrenb meaes e rdn@gﬁgoxflgg 86@8?'@8%%" AHS oint of
loaH ﬁrﬁ’&dﬁéncﬁarfaﬂmeVﬂn@v@aHI@adamﬁ pelmento thel riod oFhhe first attach-
nbodi nent al l gws t Qg ect et es.actin
mph MeRES rf%rsss%'&??rveg tt'i’%\g??\)’é “Iorﬁ»?é @ﬁt%e ﬁﬁvéé%ﬁ“”g Uit
pRNvIdas ITRIMI I GivBlaitaaREemt pdifte, Whatn we 6bmeeataanmengpomts

V|athef|rst attach ans to,the tra
fob 4 Bocive Thes of pRveraara ouduas agd'd Sobt Bk Fexiog uni
aﬁ@[\ﬁ@étt&érﬁﬁ&ttd@ﬁté’l&)rsh@&ébtﬂ@ ek tard Oxéﬁéeadlse'ahgecsm a cen-

ows cal cul at onofc t f it f
CRP S AP PR 1y T BYerbis dee e horie e h3Paedt i
n'fefﬁf ?&ﬁf‘tﬁ'él@férb gk trhetivelfbrgbs to é’ﬂ@&dl@heqxdﬂmm g indiddriwdich

erred enbodi nment t r f the . sen
DhEaare GherRoen Blites Byts. & lia o el e Bl ppSorgRAR Bhints
|§&6€i8§@%’thmr\b fsllﬁbﬁulﬂigtun&lmb tB@nSarveSfbgj@akﬁtmar two fixed attach-
respectively cal cul ate s to t eri
AR PNl vaina piEt o8] ereoE BT B ok T ket
ne4Rk dA&Q)rcﬂth té tEKe@bodifieat, rtlhipttﬁa@@feobf trbetivierfarceniis acliaved

The steering unit as descri bed |ou or
iRaraERlE (BRI ST BemraReh rins A uaiRt gfints'8r point
oP sl ﬁllbilagnﬁddséécm@y oireafirse agadhatdneméame dns thmortant to
controllin rce o

the aero n
nelenent tharregber iRAnaiArE RE ieyed oot Se B dDp oyt Whicn
| east one tractive line attached to the aerodynan1c
wing elenent 20 in a region between its |eading edge
and its trailing edge. Such additional noveable
attachnment neans may be arranged besides the right and
| eft noveabl e attachnment nmeans and serve to contro
the lifting force of the wing el enent during the
flight. Since a reduced lifting force will usually
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25trailing edge, such lifting force control |ines may
be used for inclination control as well. The
addi ti onal noveabl e attachment nmeans for controlling

wd 1008/0ngief orce of the aerodynam c w ng el enentPCTEBP2006/008959

preferably conprise a |eft-8mveabl e attachnment neans
and a right noveabl e attachnent neans which are to be
coupled to at 30l east one tractive line attached to a
left region and a right region of the aerody- WO
2008/ 031446PCT/ EP2006/ 008959 - 9 - namic w ng el enent,
respectively, in a region between its | eadi ng edge and
isl wauridr aiclihdd ghee e, to Tirbsidalfdrossglé Hibed min‘gisCBxaéndﬁr@thWben

of .the |jfti orce in the |le and he right w
GT9l6 o d e i StAcDmeRt maas csL g R Bl iy B pro-
vil8P bR e AR R 8 Irpryvathed/stiffnéss df\fhes\tvhcblb Struttog.

el enent as a consequence of the change of 5individual

ARie fo AP REPrerdti ob Db L TRt Bhs AL Ipe heels Steen-
measgdinteemdion thefrst mt?arcmfhﬁ@t m!eynwsrdogplpdmctﬁ :]Hefm?ﬁort frame via
t urther. i nproved, | €.
 SEREeRy Bl Eoor T e taHmistR e 1, Palsdl g Bstug forces
aftoy det teet iesgedtive matﬁetlmbsmt@ﬁdé onoveable eftadhurremt gfoints
s Paigeure ers ast iR B b e pisnt pigpng o R ractve
Cﬂlgefﬁ iflmg_pamb?lar adndafnaagsotntdetﬂgt tesé mrcesaciwe)lol the gteteheg unit
[ directio an_ae a :
g Seas 118%: et frich o S R, Gotdiitheco TR tusprpamic
wﬂ@nﬂembedah@tmhebsaﬁsﬂgm$yeandeﬁbecmmeﬂ@w Skom@geAanmer
P R GRE o dee SRCBAMoRE AR aRGNEM e EPEREREas
witlsia éitk steetidteursie m’dmssiit grek secasbary tatr_é&srsm shprespmsppsgnals
oS SBPbL Bl Rt BBl LR SR AP over
traresisissian peans,ahud heiging tressiisksdf @perrupgigaiof ta tfaprsmission.
calculating the controller signals for the actuator

TRE SreRfhd YRk ddchbl tpgefv 6t ﬁgﬁu‘ﬁggg%&%@ﬁ BYRLA I oe
fumtheninwovadoby provigimg aMMagmdebl@a@ﬁmmt steans o cantiol-
liﬁ/d e !?‘ft?r{gsf%rce of the aerodynamic wing element are provided which are to
be coupled to at least one tractive line attached to the aerodynamic wing element
in a region between its leading edge and its trailing edge. Such additional move-
able attachment means may be arranged besides the right and left moveable
attachment means and serve to control the lifting force of the wing element dur-

ing the flight. Since a reduced lifting force will usually result in an increase of

angle of attack of the wing element, i.e. a lift of the leading edge in relation to the

trailing edge, such lifting force control lines may be used for inclination control as

well,

The additional moveable attachment means for controlling lifting force of the
aerodynamic wing element may preferably comprise a left moveable attachment
means and a right moveable attachment means which are to be coupled to at

least one tractive line attached to a left region and a right region of the aerody-
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20Thi s preferred enbodi nent can be further inproved in
that the controller is capa- ble of controlling the
woaeiswatss for changing the flight direction obPCI/Ee2006/008959
aerodynam ¢ wi ng el ement wpthout input from outside
the steering unit. In particular when controlling
| arge scale wing elenments using the steering unit
according to the invention it is inportant to ensure
that even in the case of failure, wherein the 25
transm ssion of signals froma ground control station
nadnflc WIS SRt na‘ésb‘ dfvelySin Htr&ﬁlbhl@)b%éhr ltéjle%@rr@eém and its

sone basic control functiaons can |ned
trailirge@daey This allowist the u@d'Y'Hkb%Itcof‘FB‘nﬁ’fotU?é éce n t?%/ (‘ﬁﬂh and

thb ﬁgh%%%rm@ﬁé PngSdi&hb A bandTRUS mayhe GRIAAE mhp@fvetnm@u—

rovenment Is to provi de a certain anount o

vesality corifarde dwisy Uhst Wingeolereer ARG ERNISLANPNGSr tfetherdpange of

|n@bh8§h£§k3@ﬂnéekarklc control of the aero- 30dynanic
wi ng el enent by the steering unit for at |east a

certain tinme period in case that breakdown of energy

Aézcgogné? gd:sl 4a2f66g{e9/raE ggggi/ %ars gaggmosnsl ited shairivgemit be maBoned
16PCT . - -. gro | stati d
alaye tdespiiRRy nne IEdyeery m*oe&gﬁfwa RS FRpT Ry B8 filfther

rnf‘p‘r@\%rd' nothdlitde @@énh@%ﬁnt%rﬁ;ﬁl&eb rﬁmeﬁérg?rﬁdirggécy sensor for
l'ure node wherein it is avoi d

detesttgyihaRrientalionaed/ et OfBBEb‘?FéEe ﬁW@BH@ HBt qQ% Ip8s'“‘?”t S tge

st&élrf rtgh@rmt Erﬁc%reétf a@Qsttcmt flighteaeanaeey osther sﬁgalrfg)tnmf land® @om-
ctric, 5 rechargeabl e batte

tr@tﬂs&m qoarrolmmf“@m Upeloe A rapRmarThed S‘ﬁg}eagfattached

togﬁgisg%ﬁﬁg?{qrﬁ%r g@r&mwg?‘r béing\'@bhn?ﬂéd &ﬁthfe%ersbn}s engi the en-
w conpo

DN GOYeT 89 ANEHERPB A GP B8 oP G 36 Blae Ry P mont

ditdti¥R -of Tﬁ@é%ﬁyhémtb%lf\@@éﬂ@ém Dagée bheate tsbﬁéortshghals With a
controller conprises a ic unit ro-

sm@q%pqqdngegwég qoif lf4$ @ps Westa(mog W ﬁ}pﬁ%vte t%)éﬁ)rol of the

a&RHAHREWikg WeAtent th%kﬁﬂ@ﬂteabﬁa plwasf sh&k ppicead oteps aequired

mnimumaltitude. This wi Ll to saf el 'nt%

o gl P LSPGO TR 90 Ry aiie Siyerg PETRiTRT "R e

St@bgm uBi QRudTBkSIdin tAesfddal © ﬁ‘@ws‘ﬁérnltafgﬁ afnbenteesfaiyrasiia a
ng elenent in such a wa sanme _or only

m@m entiolercini giraeed %a&mﬁﬁ %t%tanu %“d W I8, thus
further providing significant tractive forces in the
Thisafiblered eMHoginkéht Raa edartisdrgimbfdved it them eiegyorttodersis eapa-

blteooftco?\trolling the actuator for changing the flight direction of the aerodynamic
wing element without input from outside the steering unit. In particular when
controlling large scale wing elements using the steering unit according to the
invention it is important to ensure that even in the case of failure, wherein the
transmission of signals from a ground control station to the steering unit is inter-
rupted or disordered, some basic control functions can be maintained by the
steering unit without input from outside, e.g. from the ground control station.
Thus, the concept of this improvement is to provide a certain amount of self-
sufficiency of the steering unit in order to allow for an autarkic control of the aero-
dynamic wing element by the steering unit for at least a certain time period in

case that breakdown of energy transfer and/or signal transmission between the
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15ground station. The logic unit may preferably be
progranmmed for keeping the aerodynam c wi ng el enent at
a fixed altitude or within a fixed altitude range, for

woies@sti+4sg t he aerodynam ¢ wi ng el enent al ong PET/EP2006/008959

predet erm ned cl osed | oop-10Fght path, and/or for
keepi ng the aerodynam c wi ng el enent al ong a strai ght
flight path extending 20 horizontally. The logic unit
may be programmed only according to one of these
alternatives or two or all of these alternatives nmay
be programmed so that, depending on flight conditions

gr@Un@@‘@fi@iﬁ) Bha@tiee et rg;emyoq@mg Taarcomyollbeoftet atleadg whit cém
t he cgresent Sit n. parti

Its
b S B o e kS B RS o Bt e
adtb@Hdnsit AmgyIeinem bevorteawinagnivaibbiecr af t the flight 25
aI ong a strai ght flight path may be preferred in order

P LS S Db AL Sy
feﬁhaf@bﬁblbaiahew Ial camaei&@ra*dVgr anodir eeqmmﬂiatbvo Tlhleee (eoemgsestor-

o ErRP BORTD] B 58 i A7 DAL i LB PP REIRs

aidifod tordtiidptherenetrgyeih thieofoere réquiteld dort tbaiangatingerivend
m nimal steering force: this 30position will normally

be the ze h po ; :
T@ﬁﬁ%y Eu&@%@ﬁ%ﬁ%ﬁg@%QBaBg%gcquMer FUT %%? pre ?%#ﬁgden'
gtahrmted fre cootrolting lter actsatooimeathea way, Htat tfeagerodpeamic wing
sensor etec a n r I of: Of \ t [ :
BREC o FeratomaoBle ATEMRimBRRIde. gfighiy it 35 S8l Main-
tapr ag:eammeaitlmde rmﬁltrr& agnodgndniz edngaaigoieat and indghtaavieormate it
a ul ar, e
pczﬁsabi%g: r}trog rgéyn%ﬂnsé I%nﬂw%a% c%%rgt Su{?%ﬁ’é” Qgﬁg%aﬁ‘?ﬁ%‘ EARE or
oy esfl@ma(bdilmmsm&i tpxbeaalaktyas}acmlavqﬁtartmusciwﬁaer prlovigingpsiamiicant
[ t e I
tr%fttvgr}%)r%%ﬁ% Y ?r%\@/tﬁ\%e Eé)oi.rﬁ"f‘&gr oité $i n’gﬂce{gﬁg@%igﬁé‘trérﬁlﬁ%gg the
gkmpds&Moproperty of aerodynan1c wi ng el enents I|ike
kites, nanely that in case of wind directions oriented
i
e e TG o
elgiment el affixed attituslet erawithive fﬂ(@ﬁ @é%uct%(@ﬂgéd‘owr@%@g\l&m gero-
d{?fla%@%n#@fén%t% gré)g [ tePdinea s 2 [B('S‘;?ﬂ‘@fhf‘?atﬁl §ﬁ@8¢ for
a certain angu rientation with respec
kegpirg themewsfdygamisi mng Fement alenged éé’ﬁigéil@@hby)ath extendmg
h@r(?io%e}llkngh@ Iddfe Bﬁgtrﬂaé/eoéaﬁr%‘dl'é}ﬁmg& BBt ?&:bRﬂ'\é)fo bRE of these
spect "to the di'rection of
aljgraetivey. Or'ITWQsOF allhef t@@m plgrnativesayappeeegpmpegeso that, de-
{ [
oBAA BTHERL AR S R0 Sirefachey bldgPin ayibl selected
witiohefiss |tb¢1 pegsegt aifuatipn. hpartigulpr Wé]@fmém ptaegag|unitjip uged to
{:‘RFOEF a?lraérgﬁ%écnﬁué% %%ﬁdls%h Q%térh%ﬂcﬁﬁﬁé RhterBialt tﬁ@chlght
: pectively, respect to the
a@nem@trslgat flight PR B@Yi bﬁ)ptﬁf%rded/eﬂ §rd@ﬁ tofallpyy; fgr continuous
oggrréh&?la'nﬁrtra%n@ﬁ Rk Er%gUlgféﬁesy@fenﬂnQ%@rcase the stralght
rientations I justed consecutively. This all
flight palér w«ﬂwafmabmmrgefeméﬁéﬁtth@ gowee fif e t/\@éer Pr@t‘tobeéore the
eftfer X g sﬁﬁ&fo%rér%ge %ﬂé'tﬁé BGSl%}go@tﬂﬁlé&g@nEWé Revd Q@ment is

use I rect e aerodynam c W n ement along
adjusteddfor soipintal ifgiee ipathe towing H‘%?P%If@”'% e9ringsores: dpis
ofislibnh BfitndPAblly bRl LBYAn. 2 1 ving ei ght
ntrolling such a sequence of orientations will often
prOV|de a safer control of the flight of the w ng
el ement because such control is |ess sensitive to
nonment ary changes of w nd speed and wi nd direction.
251t is further preferred that the controller is
connected to three gyroscope sensors arranged in three
di rections orthogonal to each other and three linear
accel eration sensors arranged in three directions
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ing accel erations. W) 20081031446PCTI EP2006/ 008959 -
12 - According to a further aspect of the invention a
wosbmsesiqg unit as previously described or a speemPng6/008959
unit as described in the imtsroduction of the
description may be further inproved in that the
controller is connected to a |oad cell coupl ed between
the support franme and the first attachment neans for
nmeasuring the 5 tractive force of the aerodynam c w ng
el enent, a load cell coupled between the support frane
%an. é}enJe%‘ dTNe R Bordtdiacikrinhefed é St fe@rst oRASehIonge-

the left steer] ng force, a |load cel|l coull? ‘%ﬁ?
tegting g ppsar PPF"&P@ ohH@ SeRENgiUHn FRIRHOAIP A %gl( ‘ﬁﬂg’ﬁerav'w
a0k Pryrh@mdiBBSHAIh RS & RRed hE§larsdrRAtdtidE cerarnCeﬁ\gu&arGH&wta»
position finder, and/or an anenoneter. 10Thi

tiopr @nee re P AT SYIEIFHES 290UIPE QLN GHinS fgat least one

I@’geﬁt ?%fléf%b‘!/ny zfnbVeepI'aﬂPQ%@rH phrBWbr PREAPRRES SribMed orthogonal

8 t he aer odynam c w ge
tofqagh Q/tbwnnre!aﬁlénstpé ¢ |dt'f@Ct!Prﬁ‘| of gieviboulthis Héefﬁfé%cg efflS’O ment
udesaNEMidal bﬁfpeﬁg;tdf \é%r&o@ﬂ%rc \ﬁingrb'#érﬁerf\tg QiRE Qb S, Ekedlp tidien

steering unit. I Mprove sel f - sust ai ni
cagga AN ﬁlr%ﬁwﬂﬁ@r'g@téém ﬂ@emﬂn@'wﬁr @L?@@ tBfihg @F&)‘B'%ﬁroy grav-

lt)bg%ahgr@)@?\té?f th%uméhtsdl%%n LR BSITHPSAtIBA - of Itie tractive forces ex-
articular, it preferred that at | east tvvo of the

erte@iaav tha wgwgaeéerweﬁb C@m@mtr@'ﬁda% kePRINy dRIWing BlrEePEIn @
cd?BH anGaat BF?éntQﬁont lﬂ/ﬁh 4§§@Vf@lfﬂecd%dﬂ|6n%fﬁjf§ﬂg Thitecan be

Invention may f her be enbodi ed in an aero
awervadpmbpqnlpgﬁr&]a §9§Oe°t'é<?r§n9%hﬁw§?w afh th&e?%%‘ﬁ?awi"&w'th

re‘é’b&g tSO(HQQﬁrteﬁf?oﬁ’bﬁ ?‘”’Pﬁfs Qhe LhbAESIIcY Endy B@er@bl@&fd‘lﬁ%
the wng at a ura ity of attachnments

gr@m%tcemamt@ngart RO CRASIRD o7 o ARIHPHBOY! fhragIQSé'e"fmbe

;.’{ér&; o &% dfsdiohRsdrBafyomais Winalsehbly Aesuinher mafe 6B$éss flxed
t tractive |lines are conbi ned and connected. to

positian pfotheapeesing: ¢k AMEHE WHORIeMENty (RRRECUYVRY: WHY F%?PeCt to

th'eetirﬁuﬁcf agkib¥enl ér'ﬂﬁﬁpr%(/@d Q@r’?ﬂjnn&’dth%nﬁbrﬁr@né}eét;ﬁ@brbﬂm’(ehiese-
fixed attachment poaint, a nunber ﬁ tral
qwe@@tqf@egvl@h@@erzat?@%dﬁﬁFiWé@deﬁ?aS%WM%‘Mt Rjs go%g‘er? ﬂ‘%y'

ncf:r‘rﬁée\gtn@t d185BAERY b QiRbiedaRth @ denaleprefdrrapésitidrgBhd could

furtrhgtpbé \L/,lged to direct the aerodynamic wing element along a closed loop flight
path like a circle, an ellipsoid or a flight path in the form of a lying eight. Control-
ling such a sequence of orientations will often provide a safer control of the flight
of the wing element because such control is less sensitive to momentary

changes of wind speed and wind direction.

It is further preferred that the controller is connected to three gyroscope sensors
arranged in three directions orthogonal to each other and three linear accelera-
tion sensors arranged in three directions orthogonal to each other and is pro-
grammed to calculate an estimation of the direction of gravity from the signals of
these sensors. This embodiment allows a rather precise determination of the
direction of gravity even in a steering unit which is exposed permanently chang-

ing accelerations.
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25l i nes are conbi ned and connected to the right
noveabl e attachment point. Such wind propul sion system
conprises a steering unit which is integrated in the

wogystiem4and connected to the aerodynam ¢ w ngPET/ERENG6/008959

to provide for the functions-of the steering unit as
previ ously described. WD 2008/ 031446PCT/ EP2006/ 008959

- 13 - lifting force of the aerodynam c wing el ement
which are coupled to at |east one, preferably a nunber
of tractive lifting force control lines attached to

the aerodynamic wing elenent in a region between its
AdRAIh N % %d‘gﬂhéknélsd"tcs of tRd inl/étgtoechyetepfﬁm: lanit racdrevieusly de-

l[ifting force contr n
sogé%@y%aﬁww@rwﬁ %’%8%%0” eq Hbﬁl‘ﬁl O‘\év%ff%ﬁg?ﬁg BP% ti}esaﬁ'petwenmav
b@gusrgﬂaé%gﬁgylee 2@Vt@ﬂ¥tﬁ|§fﬂo¢1tr§ﬂé)fns Ioennwecbeo caam;edelt oow@pled
rofi r cin
oeugen e SUPPITHEATRe=ES 45 7% PRI TeRe/oE R gl nG the
tr%dg?%%rﬁﬁ%fgﬁ%f%rbamlew a@tmmh radlogdiceiatoued betieen the
enen n '
SuRpORCHATERE BRI SRRl B SN G RO (rforered (e Pt
steéMfngcé esdlidad BelRBougled Baseeenf thbf‘@panglfearmé aatittaekrlght
e aerody- 10 namic
ma&@%ﬂﬁ%%“%tﬁﬁ%%&wﬁia%w&ﬁ] R Steting forpPy R eades"
ti@Nhdet fdndiidran freiongetedge. \Aceversa the lifting
force may be increased again by slacking the lifting

f orce contr ol nes t
Thiar AR L BT PRr L TRt on e AR iy RE R i bortant
mb@ﬁbé}éltn@@bsrb%d ddhlﬂ'bmhg fihd @ight aftmmaectEiyoémtdmmw gigment from
enen uch

i AL I R S e

frERSRANIGE WEthe STedding tuné. vw:s]gmahexmetsaifesustmmmg eperatien ofithe

S(GBAT PR BroaParRl R PRI QU ETCoBR e er it SERHERsigeion,

p?rﬁeultaf acisl ptefekneﬁtthastgatﬂeaasletwo mﬁume)loahlqeés iepd dite actredmeter
e a nam c, wi.n

oGS IAPUGFS B STEs PEHGERTE o e BafrdeB APa et hg

el enent behind the | eadi ng edge. The regi on adj acent
The lmatlcﬁruafetye‘umhesr beembhd\ifesew din rrecidyoamisemng dpremusion sys-

tetf‘ﬁsdr?ﬁfrﬁ’é's'lngfeﬂ ?Fdo r c:e'C an%&? {eﬁe\n% ?ﬁ%”*r%rf"g?'é%t”e lines
afacHadad thd wing aamep! bty of atbdaqhnza&rlt%mmw distandedslensgtheyvidth
Fﬁw \gmgi% aas(??eg%ﬁg.gwrnta%fq% [AgLd M% old WhePgh EHGRef 8P HoR! feft

€ aero
tractive lines are combined and connected to the left moveable attachment point,

a number of central left tractive lines are combined and connected to the left fixed
attachment point, a number of central right tractive lines are combined and con-
nected to the right fixed attachment point, and a number of most right tractive

lines are combined and connected to the right moveable attachment point.

Such wind propulsion system comprises a steering unit which is integrated in the
system and connected to the aerodynamic wing element to provide for the func-

tions of the steering unit as previously described.

The aerodynamic wind propulsion system may be further improved in that the

steering unit comprises additional moveable attachment means for controlling
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namic wing el ement along its wi dthwi se central region.
Thi s i nprovenent provides a reasonabl e reduction of

wo tdweopunber of tractive lifting force contr ol pdT/REB®06/008959

has been denonstrated thatiat-he central region of the
aerodynami c wing elenment is nost effective for
controlling the lifting force, whereas the side

regi ons have 30l ess influence on this. Thus, tractive
lifting force control lines attached to the side
regions may be omtted for ease of construction. WO

|ft% Q§¥£%¥4}4@ EEFE/dEPé’rQOGIAQQ&%Qem whlchr argt ¢du|ole‘dutbtaheéast ohe,
di ti onal noveabl e attachnment neans for r%
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naﬂﬂ@WgaQI%%eﬁPm)é'ré iof HeBlder Ry &28Ing @ddeasiimRtranBgnRsige.
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tojanleas efigetiye metiqepdyaing Ieéadrﬁwg f%@&eegn&yuq '”Qrth?ltﬁa?([fb"e

I|ft UBree d¥nfoMidds AHd AW GRkcig a @éwﬁ\k)@rd ddridto@ ih Qh@ @eﬁmfdy-
e aerodynam c W ng el ement separately in_t
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liffHg" el ol uRhialh gh%sM\n PoarlRPERE ik hikylé OF Sitadiher tma ragrody-
elenent aroun thwi se axis. 10oFurther
neihio G DAmABY -BEhESGUNEAMIG VA0 At Ml WL Bbtiag edge
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steerl ng u a w n ropul Sl on syste

sla@m iheelifting duee qontrphhre,esf e@qaén}ts restrigp g e Ht‘@%&é“{"d

ndrfi€ drﬁl@?&%éﬂﬂ@lm ARG i16R_k I MasreBBARY %Bﬂ%rit@! ﬂ@ﬁ attitude of
I ntroduction of this description descri

theying ek Beeh seNtiRlt A i&ngr force1 BaY o6 %ﬁ%ﬁgg% ‘8W§f the lifting

fofddr értlﬁ}’hu@%%?éas@fre%&\si\fé\ﬁ@ﬁ bp!heamﬁgtél@ﬁleﬁt(lb interference or
control i ng an aerody- nam c w nd ropukglon systemis

changes lte\dmwsﬁerpeﬁm %ﬂdemeﬁgi%'r'@ﬁhﬂ %a P@of Hg‘ﬁﬂ? WP om
a base control unit arranged at a first |ower end of a
tractive cable to a renote control unit noun

Preefesably ntheusl leash gy trtagtnégthlgﬂ%é?rcgecgaﬁat tsofxt?qorpgg to the
aérﬁ@%drﬁ{@ \A}?r?bbél@m%ﬂgmaé taedhed of @né‘ﬁu@@ér@%@l’én@tw\bﬂlge aero-

el ement, for controlling the 20 fli ht directjon of

dyreniacrioaARTPE BRTR AR reaind AE9 NENR FeqiPy ANt o one
&Q@’r%ﬁeﬁfgjt%ﬁge iditebiH béMIRd thd Ghlindi sRpet h@ﬁsh@vn to be most

controlle by the renote contr ol un| i n

effeqtive éorchanging liffinotforseandiipys theclfting %?%E?MHJZ "E?Sgﬂ% %fef'

enfagl'y eﬂta@ﬁé’éjﬁttﬁfs%g@ﬂ. period of time. This method all ows
for exact control of the flight of the aerodynam c
wi ng el enent

Further, a number of tractive lifting force control lines are attached to the aerody-
namic wing element along its widthwise central region. This improvement pro-
vides a reasonable reduction of the number of tractive lifting force control lines. It
has been demonstrated that the central region of the aerodynamic wing element
is most effective for controlling the lifting force, whereas the side regions have
less influence on this. Thus, tractive lifting force control lines attached to the side

regions may be omitted for ease of construction.
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25 in regular operation node by transmtting
respective control signals fromthe base control unit
and avoids that the wing el ement becones

wouresieissl | abl e in case that the transni ssi onPOl/APR@ESM08959

signals is interrupted or-désordered by controlling
the wing elenent in such cases out of the renote
control unit whichtis directly arranged within the
steering unit. In such cases the renote control unit
may con- 30tinue the control on the basis of val ues
cal cul ated by extrapol ation of the previ- WO

SRPRRMES LM@M&{@P%@&&@&E&&mPr& Means el gpntroliing fifting edce
steering signals or may switc to _an_ene n

RS e SR g sk RPrSte: R Ndeable at-

taf:ﬁhbmtl\mdahs) afy @i @bm hﬁ)\)ﬂbbl@ #laenmpit rhearwmhgh are coupled to

ncontro rove '

PR e eatr e Al et & bS] SThiTe KeTiHs The cligéfed

ri@ﬁt&‘@?lbﬁ@f e ta?t@ﬁymarﬁlermﬁj; ﬁ!e&m}]\ul raspaetiventiatd @igiodr between

.a ar_orientat range Jj.n t on

SRR Ay 1 o e podhd i ey oG g8

thiel a@lz@gnanmb wmgmmemweaaratéw eetlr;pnanw eirght edion and thus

t o ona is,extent it isS.

afft B strol BofHEREad bt vidd aldhst G5 MiRkp Suna elerps!

ar@ﬁb@ds methvae ke steering unit providing the
capability to control the wng elenent with respect to

angu- iolar orientation in relation to the direction
Fofthegr toel ihyentiBaombdiebe embodedpn ef wateedaft barinected vie mdtastive
nt rol it. se ntially di ts .
e R S R i S
apresaribat iabosge.iln thielrespesh referemce igimadetto dre mtergatamat gppll-

B e B Res B0 5 Bt LA 80 f

footdveing whbdrcmaéll |y, it is preferred that in case of an
interruption of transm ssion of steering signals the

A[E&ﬂ?ﬁwg ttcg 8%&9& éégé& S ARG E}eafsmgth%@%‘re@?rom\%taheaerody-

eeri al's recelve ase control
namict wiad d)r@;allmm aysiemas peryidadoehastinfalgaring signady piggtransmit-

tezj n%cﬂwgl Sbgsreocmn% { m?értrérg%;al %La' fﬂgﬁ lowgr end’bE5 SLERD cable to a

i ment’s described wt
ranedte cenicd uni ndvetaDiaccyagringyunidgixed fuar spparsecerd end of the

trg&tg/lé dpea%ie EL@ \zlamtt%cr%%pcbcénsa@roé)(/r%%@I\Nlﬁld S, %‘r controlling the

teering uni
fhabt:td)rentmrg of metamotiimm wing elemartand thpestesriog umt character-

ized in that the flight direction is controlled by the remote control unit in case that
the remote contro! unit does not receive steering signals for a predetermined

period of time.

This method allows for exact control of the flight of the aerodynamic wing element
in regular operation mode by transmitting respective control signals from the base
control unit and avoids that the wing element becomes uncontrollable in case that
the transmission of these signals is interrupted or disordered by controlling the
wing element in such cases out of the remote control unit which is directly ar-
ranged within the steering unit. In such cases the remote control unit may con-

tinue the control on the basis of values calculated by extrapolation of the previ-
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Fig. 2 depicts a side view of the wing el enent and
steering unit according to figure 1, 25Fig. 3 depicts
woaod@ebaiué of the steering unit having attachepct/@pzoos/008959
tractive lines for connectisng with the wi ng el enent
and one tractive cable for connecting with a base
station, WD 20081031446PCT/ EP2006/008959 - 1 6 - Fig.
4 depicts a schematic drawing of the points of |oad
incident of the steering unit and their connection via
tensional rovings, and Fig. 5 depicts a schematic side

ou‘élyq}"c’a*\%fn.ié]esléé* RNEIAREbr Ray lshtcie A an %ﬁtéﬁqdﬂdyhﬂoﬁtral mode
steering unit accordlng to the invention. S5Referrin
whegein iy 0dragierroatina &y @H%%qﬁocaw‘% W'@ﬂ@fﬁme”t betom-

mq\gﬁggrg,longolgo the inven- tion may be shaped like a kite
conprising an upper layer 11 and a | ower |ayer 12.
In the frontal view accordi.n

InGpliist oo perhembasiana & Rineepied fhat By eecd’afi‘"ﬂ%lt holds
thé%@eerfﬁ@‘iﬁﬁ APLBERES MRk lodbstatibie of aﬁ@marsmﬂami mge in
he upper and |lower |ayer 11, 12. Lghe openi n

rebﬁtlp@ﬁ@élme dlEestion afrsaYiby iz edst one) RIPFRY Here Plges
aldd® ddrii®iarlthrekanaat &fe@x'tecﬁérﬂ@gbﬁélvtﬁmch hmdre’ad itlg extent it

edges 11a, 12a no openi n S are re ent .
is|r wé"fad|t%1§)@rpr&v'@%8ﬁﬁ@@@e Fﬂﬁ* va@m %g@‘ez%}ee'“

|n§ r&ﬂ%rdﬂf@ﬁ’é‘ﬂ@éﬁda‘bﬂ@ﬁto‘ cfbnirbgtﬁé@wrlg e@h%namﬁﬁbtgeoofo angu-

per layer, |ower layer and the plural-
lar onentatlonyln relation to the d|¥’ectlon of gravity. P

Further, it is preferred that the remote control unit sequentially directs the steering
unit according to a closed loop sequence of certain angular orientations in rela-

tion to the direction of gravity in at least one plane, preferably more planes and in

particular three planes oriented orthogonally to each other.

Finally, it is preferred that in case of an interruption of transmission of steering
signals the remote control unit extrapolates a sequence of the last steering sig-
nals received from the base control unit and calculates a sequence of future

steering signals from this extrapolation.

Preferred embodiments of the invention will be described with reference to the

accompanying figures. In the figures,

Fig. 1 depicts a frontal view of an aerodynamic wing element with a steering unit

according to the invention attached thereto,

Fig. 2 depicts a side view of the wing element and steering unit according to

figure 1,

Fig. 3 depicts a detail of the steering unit having attached four tractive lines for
connecting with the wing element and one tractive cable for connecting with a

base station,
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wof2oesm03a446ar ge nunber of

ity of ribs provides a flexible wing elenent. This
wing elenent is attached to a 15 steering unit 30 via
a plurality of tractive lines. Basically, starting

el enent these lines are nmefged to a reduced nunber of
lines in a plurality of nmerging steps (for the sake of
clarity only one nmerging step of two such tractive
lines into one common tractive line is shown in figure
1) and finally the plurality of tractive lines
attached to the wing 20el enent is reduced to a total
.@ummg afs@ksémtatrcagia\w@g bf thespoiits at lvad ihddértef shesreiering
uni t '335 four tractive lines consist of two
U@i%’édr kﬁcf’? ipg &iay tpﬂggnﬂé%vmg& 3'?1% two fixed tractive
lines 41a, b. As can be seen in the figure, the fixed
Figr aabbm& d saresnadit 3idebview ef theranaoyedentof theecarepdneats within
s the steering tractive lines

wh
a2?%@%””'&5a‘é"?oéd'E%&e@@t'gﬁer?Snthe two |ateral regions of

the kite, nanely the left steering tractive |ine 40a
Referdriyetolfighites| fasret 2bn megidynamivdvitgelemeghacardieg tmie inven-

tl(%'g%%%lg\éesgéhentf IJ g,%)]ktt% b@%@p'r %H ah%hgérq% e[relgl' Qflﬂisa low&&l"ayer
1'21tlh al@e:mgr}tab\(iawrwndndmgdb figugect fowe opemiegs 2@13 fl tage visible in the
ngi [ r 0 '
T 16 ! TERAE B G RIS VRS oo b e
u;m:drgtrﬂ Iggz% Igeert ngc‘éz \éTeheI e garaze @rrsngerb_e@'de dheoherizons!
ARSI TRONEHRIEERE o ok B 1

124 nab_pém)ugs aneaxcesane. i nes connected to the steering
unit in the sanme way as previously described for those

TB% a@héy k! I&ﬁ? %\gé} 5?(%%\5:‘?990?%9019 é%ﬁué’\‘ﬁtgtcﬁ rﬂ‘)isr 2€1hen in
dashtegdined irt fbgltrhé Rhe @sa¢robly o|f peperdﬂ@rtlgwﬁhl@vern@@mhé plural-
ut?)ék‘ ?’b?%rovndes a flexible wing element. This wing element is attached to a
steering unit 30 via a plurality of tractive lines. Basically, starting from a large
number of lines attached to the wing element these lines are merged to a re-
duced number of lines in a plurality of merging steps (for the sake of clarity only
one merging step of two such tractive lines into one common tractive line is
shown in figure 1) and finally the plurality of tractive lines attached to the wing
element is reduced to a total number of four tractive lines attached to the steering
unit 30.

These four tractive lines consist of two steering tractive lines 40a, b and two fixed
tractive lines 41a, b. As can be seen in the figure, the fixed tractive lines 41a, b
are connected to the central region of the kite whereas the steering tractive lines
40a, b are connected to the two lateral regions of the kite, namely the left steering
tractive line 40a to the left lateral region and the right steering tractive line 40b to

the right lateral region.

As can be seen from figure 2, the wing element is attached to a number of trac-
tive lines in its longitudinal direction in the same manner as shown in figure 1 for

its width direction. The attachment points of the tractive lines are distributed along

lines attached to theP@ilAF2006/008959
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tween the upper and |lower |ayer 11, 12. The kite stick
50 extends al ong approximately one third of the total
wo hesgsti4ef the kite. A guiding line 42 is gui BEHER2006/HESBIS9
kite stick 50 serving for-®tarting and docki ng
manoeuvres of the kite. A tractive cable 43 is
attached to the steering unit 30 to connect the
steering unit 10with a watercraft which is to be towed
by the kite 10. The guiding line 42 is at- tached
slidingly and detachable via a ring el ement 44 al ong

thé Reng leRphdntan aabloagifldinahsiireatiorbend ees nierged ttdnet:he final four
detai |l ed vi ew of

ure 3, t erin
RSB Se sRTE we@%mé%%ma%@hthsrﬁa OIY €5 oSty e
schBéd Fort thesd trsesld Nirast distebliten esordlthe Widdr diredtibadidde twing
15Each of the steering tractive lines 40a, b is
elBePt ed with a respective noveabl e attachment point
36a, b at a first end of |load cells 32a, b. The second
A €l 1efe dthe J00RMteRhES tcsafe kite dlsng tts pdregtudinehmaldige axis be-

belt 33, con ct| n 0 cel
tw&gglthebgwerggt gwg\olgﬁ 1r, agoagt%%geegt}cl\@e%ﬁer\)&f alor §]§§)prox1-
mét@%/ SieBirdng thi@ ltdtaﬁ@ngthd)f i Rited & f@idingdine R@t iatguatedodt the

r mhee t he di stan ween 20
ieriogl sabing ot parinvee ke eneRuTEE B Feldh) tag
cells 32a, b and the gear wheel 34 or the upper fixed
A atat:ta@mtﬁ 4P ataxchdd ao tHe. st8sririghirst, 3G toecannestaheisteegng unit

the kite 10 can .b hanged.in. th h
w%@v\%@ﬁrc&a yv?tg:g tgﬁ(é%sf O%ﬁg blygg k?% P $5‘g gﬁ o‘@ﬁc ﬁ:“net 42 is at-
tabpgeslidirigheshat étacthumatia paimg derddeat, 44balosg thedree:ay;@dabsiﬂ 43.
at the sanme tine the di stance of the ot her one of the

oad, cells_32a, b to th t Qﬂﬁ&ﬂﬁ
A?J Sarhpg sgen froB'\ hg d&i%ﬂeé avzeglxgopﬁgﬁt?é 3 t?ées‘tieezrﬁtg Jn"ﬁl A prises
wohiegeuppler fattagirherti poids 3t a,0m abivhichghk ifixed tragiye hnes 41a, b
20 3/ 03 446PCT/ EP2006/ 008959 - 18 - Referring to
iBGFREY t he mechani cal set - up for transferring the
tract | ve forces fromthe upper fixed attachnment points
E3drapf Biblste¢ring sagierines4bafivis cauplagewith arespeciyg mayeadle

?\gbeétﬁomg béggp %tt %ﬁ&l? %JEB%E}Q:%H?’@ D. S‘l"ﬂ@":‘!&cor’\:@éﬁ@%f the

oVIi aC|ng herein a
loadtcells 32l bas geapled wthacgambehQBImngctg@dheM@gqad|c§!!s 32a,

ORs B a HREEInci 938% ththemb%t@ernn%uﬁﬁ@o
a ngor%}tm%&\g‘lgmrbu% ar %ﬁf&{ e recess provid
abdh mutsuiaaﬁeéiéd aRotatitreof thergeaf wherl 34etval Hary rﬁ"t‘e distance pgtween
&S 0 S BhA%d|E LIS EoaRbte gear
thfeo?“’?;i?? é%ga‘?‘ﬁa'!{'ggﬁt; F‘tsd atsoa 9]\5 es an(J an on/ of g
whekltBhortthe upper fixed gitaodivineirtchoints 31a, b. By this, the curvature of the
kite 10 can be changed in that the distance between a first one of the load cells
32a, b to the upper fixed attachment points 31a, b is increased and at the same
time the distance of the other one of the load cells 32a, b to these upper fixed
attachment points 31a, b is decreased. This will result in a change of flight direc-

tion of the Kite.

The tractive cable 43 is attached to the steering unit at a third fixed attachment
point 35.
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The points of |oad incidence and the attachnent points
are coupl ed via one fiber ioroving wound around them
and being such divided in a plurality of sections. A

WOf2008314d&i n fi ber roving section 60 is wound RCAEPANGIHBS959

tube 37 and the |l ower fixet8attachnment point to

provide a rigid and strong connection between them A

further main fiber roving section 61 is wound ar ound

the tube 37 and the support 34b for the gear whee

34a. Finally, a third main fiber roving section 62 is

wound 15 around the upper left fixed attachnment point
R&kaingt feefigure un dhamoeohdnichiesstuppfor ttraBdferrangdthleytradiive forces

TR iR ol AL PO her > IR e o (o7 R pear

whéde34ar vihaegswee kédagaddnartepgm BA deshowm. durtbet, |ay recess

upl h | ef t. d right fi .
oRiRY Sy A Sh8 for Madind Wit et kLR Biratip the
gdaprwheart ﬁﬁﬁ&iv%dsﬁdt\;vémﬁse géart\lmfe_zel\nm ammthehawécfb_ked attach-

t- er .of secondar i ber ,r.ov ctio
mEREoU A SRR MRS B ok R B Bn IR AT xec
attagppent poiot 36heest arer a mgmiver bf tURet erovidigg mevesses f38gter fer

5. the set u ! steerin nit, . hown. Th.
argangit prese i balies pEEet B Ruo ol e bPBed0

and a second support plate 110. The first and the
Tisepoint afupgubintidphed end 0@, atiabBmanepaints ang eduped sial ae fiber

SRgrAG ond el A R AR Rl R Ser R, o

electric notor 120 is arranged with its | ongitudi nal
Adxstsmaiorfipendiving aecttoo Gthis wountearefing ifee Slpppdt angithe wwer

0 . . .
st R LA RIS LR Phaleen o A
fugte ar maEiteen dovand seatibnb1ge Moung\@round the tube 37 and the support
/ 4 0 - 19, '
25PN SERIRLAORORR el S 0050y
argend theheener l1efDfixedraitaghgent pdied 3121 4Be wamderoutdtherraigeort

Mk fei |
S5 18R eS0T e e LA
peihe31ongi t udi nal axis of the electric notor 120 and is

rotatably fixed within the
Further, a number of strong fiber rovings sections 63 are provided to directly

couple the upper left and right fixed attachment points 31a, b to the lower fixed

attachment point.

For increasing stiffness of the whole mechanical set-up, a number of secondary
fiber roving sections are wound around the tubes, attachment points and sup-

ports of the steering unit.

Referring now to figure 5, the set up of the steering unit is shown. The steering
unit comprises a first support plate 100 and a second support plate 110. The first
and the second support plate 100, 110 are arranged parallel to each other in a
distance leaving enough space for arranging the fixed attachment points between
them. An electric motor 120 is arranged with its longitudinal axis perpendicular to
the plane of the support plates 100, 110 and extends through both support plates.

The electric motor 120 is coupled with a reduction gear 130 and a further belt
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Stwo support plates 100, 110 via a first rotationa
bearing 150a and a second rotational bearing 150b,
WO e@sperté vel y. Between the two rotational beaPCTHEB2006/008959
150a, b a gear wheel 134 -9 fixed to the shaft 150.
The gear wheel matingly receives a gear belt (not
shown) which carries the left and right noveabl e
attachment points at its respective ends as shown in
10figure 3. The steering unit shown in figure 5
further conprises a controller 160 connected to the
re@l@Bh delr MMEAE cbAdriPgRl et dearsiie i1AQa sa gaedral gear el

not or 120. Further, three rpscope Senso arranged
140h alnﬁraeszeaaibfaksafl%ﬁ%,"ftﬁcf'%@%%f)wq %gaéé(@l?eiﬁ @a' énd ? hr ee
| i near accel eration sensors arranged in three
THH dcRBhd §B& WHiddNagona) mbontddteashait Sewhiahés hmargpdataeallel

into the steeri it d . .
ol frohasie Bambra a0 h S B BR0L Lol e
wBl 5Bk @afesadooaciael s al fien rohtidime bwbeeg i 13Paumd avdechnd

respect to three orthogonal axis and three orthogonal
rottippal begrigg do0b, respRGEVEYnt rol ler is adapted to

calculate the direction of gravity fromthese sensor
Bk 1A tvoabthtibRaleavhgke150ze bel geatr mineehtis fix2@ tanihe ishaft

steer | ignals.to foll -
EEAE N RN TP e
left @FREAGNt MovdmIdliattacimean mfintgraavist yespedlval &Bls as shown in
figure 3.

The steering unit shown in figure 5 further comprises a controller 160 connected
to the electric motor 120 to provide steering signals to the motor 120. Further,
three gyroscope sensors arranged in three directions orthogonal to each other
and three linear acceleration sensors arranged in three directions orthogonal to
each other are integrated into the steering unit and connected to the controller to
provide the controlier with information about the present actual acceleration of the
steering unit with respect to three orthogonal axis and three orthogonal direc-

tions.

The controller is adapted to calculate the direction of gravity from these sensor
signals and to provide the electric motor 120 with steering signals to follow a pre-
programmed sequence of angular orientations of the steering unit with respect to

the direction of gravity.



1.Steering unit for a wind propul sion system the
steering unit conprising a first fixed attachnent
nmeans (35) for securing a first end of a tractive ca-
ble (43) the second end of which is secured to e
device or a vehicle to , which a tractive force shal
be transferred. a second attachnent neans (3la, b,
36a, b, 33, 34)-for attagﬁjng a nunmber of tractive
lines (40a, b, 41l1a, b), e second end of which being
secured to an aerodynam c wng elenent (1la. 12a, 21),
a nechani cal support frame (100, 110) connecting the
first attachnent neans to the second attachnment neans
for transferring a tractive force, characterized in
that the second attachnent nmeans conprise at | east one
upper fixed attachnent point (3la, b), a left noveable
att achnmentcLpwisnt (365), a right noveabl e attachment
point (Md), and steering actuator neans (33, 34, 120.
130 140a- f.or he
upper F?(“é'%z'n"tf?ravﬁfraeoyatpmgog %?‘ erq tgé @‘%&% ‘Rﬁfa}ﬁn@\g}g%bl e

at tac rﬁﬁﬁtﬁxﬁﬁ‘@’?ﬁ‘m%@“@ﬁ@ for S’ﬁcﬁ"ﬁwlﬁ & edl‘gg e %t ween
t he uppes)itheeecond kb whignit sqroied to aedcadie veTigaie .

1oV eat,fordl ARl R Tndddk Binstone1- 2. Steering unit
accordin 0 e _previ ring
R e o Wk o

sel ectdfyrattive ies (#Ph g, Haddithe se%)’ endpl ‘é{'l“ihebrewaﬁ? gato

di r ect dnafodyfale Wingregimestithapf2at g bel t provi ding the

left mbyeadhic alpbaﬁrmmoombmn@eﬁ taarssaeemknend of
he ::C) nieang {Ooﬂ\{el seconn% a&acﬁment %eansw\(ransﬁalm%o QE’L&QJ’%@ t

poi n
characterized in thet the second attachmeni means comprise

- atieas! one upper fixed attachment point {31z, b),

- a lefl moveable attachment point (36a),

- 2 right moveable attachment point (36b), and

- steering actuator means (33, 34, 120, 130, 140a-c) for varying the
distance between the upper fixed attachment point and the left
moveable attachment point and for varying the distance between
the upper fixed attachment point and the right moveable attach-
ment point.



3. Steering unit according to claim1l1, wherein the
steering actuator neans conprise a first actuator
attached to the support frane (100, 110) and adapted
for varying the distance between attachnment point (31
a, b) and the left noveabl e attachnent point (36 a)
and a second actuator attached to the support frane
and adapted for varying the distance between the upper
fixed attachment point and the right noveabl e
attachnment point (36 b). #1- Steering unit according to
any of the previous clains, wherein the support franme
conprises at | east two support plates (100, 110)
arranged at a distance from each other and sandw ching
t he2 at Steeing unitareordippia therexiges it.achnment poi nt and t he
fi rterel theatdufiBndciuadainsans bompBteeractogon{ ot 3spfoceiediveg t 0
anyj, grgvirq% Q%QI%?)\AA Qg_ﬁnaﬁk, Bhrd¥Pons, WAk £ brld of Jﬂ@b@tcb‘rcﬂﬁﬁi gh | oad

i nci e o e first fixed atta t means (.35) and
{ hePbBRGTRE SPHIERI A ey Sl MR BRRERR T bt by
t enapveridd athément pooki ngs (60, 61, 62, 63) for
transferring the tractive forces. 6. Steering unit
accor d%{;gmggmimor% LRginPL evious clains, wherein the
support frane co rl ses at I_eas; tv¥o su %} | at es

( 1081ereprt serpe, R Bip" Bpans COMRIESH e SF AN B Pr and
t hesupparidramp { 08.d! 10X and edantsd for vasdneshexdirtanehizetwese attpdh-f | xed
at t ae pERI3 NERNHd HTERMoTabkiaBacHménd gkint (381) and alzecad)

ext ?@E{op&ta&{e‘a 'q tﬂ{'& 9%1 o aﬁ&%&%& ioPlaRing SheldRtahi®eot her
and bel ng connec eq y 1ensi ona| 1 ber °rovi n S f.qr

t r aWePEPT YRGS xpratipghmept Roist 3ng r"}?é'g““?'!°"°§¥"8 8?*’1%311?1‘1'%
acc@pding to any of the previous clains, wherein a
left (31a) and a right (31b) upper fixed attachnent

point is provided and these upper fixed attachnent
points and the first attachnment neans are rods

ext &ndiSHginsusihresonding frank e eviopt S3"8% (100) to a second
S upplmardin thé atpeorf flab@)comprisana) dadstiher subhogtiplates (10R! 19)iar-st
SUPRA§dd aPA @btEnca éin WEoBleRank Rgnd@ihing 1S attakt ohedpear e

conpect b S| rovi .ch are at | east
parﬁ"leg ﬁ%_\g*‘“&%‘bﬁﬂgaﬂ‘féﬁ%h Sttagée/:dhﬁ%gén\gg“ﬁd whi ch conprise a
first fiber roving (62, 63) extending fromthe rod for

t hes.l efSteegrmo.mi dochiding th @y bidicdaredvus gaiindit to t he rod of
ggewf\érfﬁﬁe %iﬁt@f@f?&ﬁ] ﬁ}ﬁcﬁaﬁ? B‘Sth$ m?tiﬁfdafénd:_hfniarb BieadsQ3s) BE ( 65,
at ¢ KEAHERT < Rrieh g By 7Y ool ) it Rl
neaffd, 81a8% A fe] rpnsfrsing theiariye PEOY ext endi ng from a
poi nt of | oad incidence for the noveabl e attachnent
POi Bt S dtrihd\hitQrdif td 11 of thé Srbvidk biggnent nmeans

wherein the support frame comprisas at least two support plates (100, 110) ar-

ranged at a distance from each other and the first fixed attachment means and

the second fixed attachment means comprise rigid rods (31 a, b, 35) extending

from one of the support plates to the other and being connected by tensional fiber

rovings for transferring the tractive forces,

7. Steering unit according to any of the previous claims,



for transferring the tractive forces. 8. Steering unit
according to any of the previous clains, wherein at

| east one of the noveabl e attachment points and/ or the
first attachment neans is coupled to the support frane
via a | oad neasurenent cell (32 a, b) 9. Steering unit
according to any of the previous clains, wherein
addi ti onal noveabl e attachment neans (40 a - f) for
controlling lifting force-#f the aerodynamic w ng

el ement are provided which are to be coupled to at

| east one tractive line attached to the aerodynam c

Wi ng elenent in a region between its | eadi ng edge and
| t s Whereip p joft (31alkige a righ (31 upear fixed allashment e isdiraviged o t he
pr ewnddbse Oppat fizd Baelinddnnpdintcana thd fifst MBemeRVRADA@rods

L | GRANARE forE HAEH Ok peerzwes)dola'sa&n& gufp{,ar;wat{g ifg. of the

aer o abl e

att§ %‘?@ﬁfﬂﬁ%@é‘ﬁgﬁrg ﬁ'ﬂ’p%” ‘?"?t& Fﬂd "f?ﬁﬂ?l@é"lﬁ cé““QT"taHE‘i‘ﬁf’%‘i"" neans
whi defted b tepgiongroines phietiare et leptst dadialytwopmisravmd the rdds ve

| i nendathicaebegisé 0 a | eft region and a right regi on of
the. aerodynayheg iy Fdinglo B MuonbRERE RS B8 Hof o ;

regi on between its ral
11, Steeri ngoHAe f'xeaemrawﬁao 1 fye e T o
clains. charesstsrized in that the steering uni t
CoNpri ses .ar REeeH ger &vig B563) Sach@RGFIm tiusrod%th%%mng

the orientatd,Qn4and/, ?Jchrﬁ?r‘tg?rmo tLéJnrogonlt ba/ségrﬁen'il ng

unit, the p03|t|ono eering tni 1

Ieast one fITYAY parameter of the steeri ng unit, and a
control | er (atEE)fibérgevingdel) pd¢rking ijort ipoidtjof Igdttmcdiiemmﬁdri on
of an aer odymamidveatld t@cricAI RN tths A8 BAHs fr&t althment
steering unit...dhe controller (160) being connected to
t he sensorﬁs gand t he energy storage and bei ng capabl e

of LR traghivef®eePat or for changing the flight
direction of the aerodynamic wing el ement based on the

sensor %dearrgalnwaccorhag toANAy aﬁﬁ%mm@my\n nd pr opul si on
syS ﬁ&%un ?t‘PJEQt ?b ,ﬁlve&?g g‘f’%%%nmgam%“agﬁgﬁ?her}” agé}l via a

nes

pI uF‘a'PH"F?”Sd? °°&?'?%R9HW€HQF’§” FoTha2 lgrdreaseenesrdng the

wi df3Badf) the wing to a steering unit according to any

of the previous clains, wherein a nunber of nost |eft

tractive lines (40a) are conbi ned and connected to the

| eft nmoveabl e attachnment point,
Steering unit according to any of the prevmus claims,

wharein additional moveable attachment means (40 a ~ ) for controlling lifting
force of the aerodynamic wing element are pravided which are to be coupled to
at least one tractive line attached to the aerodynamic wing element in a region
between its leading edge and its trailing edge.

edge

10.  Steering unit according to the previous claim,

whergin the additional moveable attachment means for controlling lifting force of
the aeradynamic wing element comprise a left moveable attachment means and
a right moveable attachment means which are to be coupled to at least one trac-



a nunber of central left tractive lines (4l1la) are
conbi ned and connected to the left fixed attachnent
poi nt, a nunber of central right tractive |ines (41b)
are conbi ned and connected to the right fixed
attachnment point, and a nunber of nost right tractive
lines (40b) are conbi ned and connected to the right
noveabl e attachnment point. 13. An aerodynam ¢ w nd
propul si on systen1accord|n%%to the previous claim
wherein the steering unit nprises additiona
noveabl e attachnent nmeans for controlling lifting
force of the aerodynanic mﬁng el enent mhich are

cou d to at pre erab a nunb

£ a5t Br B 9 Lt o aoon PR SSRTRETRUSES ¢ he
aer BERLTaTPREIVRN, W rediemistyteed its leading glagranditstinatieasdye.

| eadi ng edge and its trailing edge -24- wherein the

addy{ i %‘Eb%hng'm‘(gcﬁgdﬁ fld egtgﬁgeﬁéwoﬂ?ms for controlling

liftin rce aer amc W ng el ement conprlse
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ri gl?éuerr ( ¢ fgpcoq rollﬁngﬁeqightoﬂgcﬂg{gf%n Xgr&?naﬂlc il el elem 1 dg e and

respect

|
| t s2EFRad ‘H%S‘%%s'g%umtﬁhe controflar (460 P%ffgtwaﬁﬂﬁ%&etﬂtsdw. a a
t r agtishand dalohegst Worapesine baingrrgpabieiot cooffoliag wi antzajpr fopul si on

SY SERRFIRQETdH i@ ctloR otREadAldyfdn Wity eie‘mLAt based on the san-

sor signals.

12.  An aerodynamic wind propulsion system, comprising an aerodynamic wing

connected via a number of tractive lines attached to the wing at a plurality of at-

tachmeants points distanced alang the width of the wing ta a steering unit accord-

ing to any of the pravious claims, wherein

- a number of most left tractive linas {40a) ara combined and connected to
the left moveable attachment point,

- a number of central left tractive lines (41a) are combined and connected to
the left fixed attachment point,

- a number of central right tractive lines (41b) are combined and connected
to the right fixed attachment point, and

. a number of most right tractive linas (40b) are combined and connacted to
the right maveable attachment paint.

13.  An aerodynamic wind propulsion system according to the previous claim,
wherein the steering unit comprises additional moveable attachment means for
controlling liting force of the aercdynamic wing element which are coupled to at
least one, preferably a number of tractive lifting force control lines attached to the
aerodynamic wing slement in a region batween its leading edge and its trailing
édge



24-

wherein the additional moveable attachment means for controlling lifting force of
the aerodynamic wing element comprise a laft moveable altachment means and

a right moveable attéchmem means which are to be coupled to at least one trac-
tive line attached to a left region and a right region of the aeradynamic wing ele-

ment, respactively, in a region between its leading edge and its trailing edge.

14. A watercraft connected via a tractive cable to a steering unit of a wind pro-
pulsion aystem according to one of claims 1-11.



