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

WO 200a0e46 0 a steering unit for a w nd propul SPGHEP2006/008959

system the steering wunit xconprising a first fixed
attachnment 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 shal
be transferred, a second attachment neans for
attaching a 5 first end of a nunber of tractive lines,
the second end of which being secured to an
aerodynam ¢ wi ng elenment. A nmechanical support frane
connects the first attachnment nmeans to the second
attachnent neans to transfer a tractive force. A
further aspect of the invention is an aerodynam c w nd
propul sion system com prising such a steering unit.
Still further, the invention relates to a nmethod of

10 controlling such an aerodynam ¢ wi nd propul sion
system A wi nd propul sion system according to the

i nvention basically conprises an aerodynanm c W ng

el ement which is connected to a steering unit in close
prox- imty to the wing elenment via a nunber of
tractive lines. The steering unit itself is connected
via a single tractive cable to a vehicle or an energy
converter, to which WO 2008/ 031446 PCT/ EP2006/ 008959
-2 the tractive force generated by the aerodynam c

wi ng el enent shall be trans- ferred. Exanples of such
wi nd propul sion systens are disclosed in W2005/ 100150
and W2005/100147. 5 In order to broaden the field of

application and t efficiency of ch w nd propul -
o o lReify und Toctes SRg: Hesineing Bmdton { ne

size of the aerodynamic wing elenment. Wen aimng to

provide an efficient wnd propul sion system whi ch may
for exanple be used to tow cargo ships it is necessary
that the aerodynamc wing elenent, such as a kite,
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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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to the ground attachnent point via nore than one
tractive line since this would increase the weight of

WO psasdachnment neans. Thus, it is necessary tBRBCTHBPIWE@008959

15 the wing elenment via a nanber of tractive lines to
a gondola which is arranged close to the w ng
el emrent, whereas the gondola itself is connected to a
base attachnment point on the ground or a vessel via
one single tractive cable. \Wen selecting such an
arrangenment for the wi nd propul sion system a first
thy abtee foscd henavaiedoby sHeeaeiodgndrhie wing egément stvall bdrerans-
sgq%(éd of the wing element 20 with the associ ated

ola. It is an object of the invention to provide a
steering unit for such a gondola which is capable to
Bxampécoft sichs virelr progulinasystemotard desclosgd tieivOR005/100150
faé&agé {&ﬁgl em associ ated with such arrangenent is
ap %52 *’the gondola. Generally, it is desired
to mnimse the weight since (i) the weight of the
Irgordréo tabroa8er te fiadd bfeamﬁucatiwcbrtdythe leéficiincy o€ beshewind tpnorsul-

SFCASRNTE L SR BRI L6 B8 J4eboaie

eﬁnﬁe}ﬁt\ﬁ/hbhaummignew@nmam effizienf winldepropulgio|sgstent which may

f?r %%tg’i%\/q Hs%@ ﬁglrdaé]ogéché %lvghr{e%g?%w ﬁ'ha'i ﬂ'h ?eerodynamlc wing
etdntéra st asga altejlhmran arpalof 6@ tec50a0nan Aogjertemzl pselperorasso-

FRGLRL 5Fon e GubBeatan g™ s HoHREGlnt judrbter,

spice\it id eleairedt that the%wmguemenl’t filmsct achigioaltiblde intordsr thase the
RIS S Bbut P Sl b ] A EBARb I oBhen

t@ernrega:luhy attaclamear poibiovie omtredharnt bee ftiactie Iirpmsianeltha's gvould

t he, Wi n e gont C
drpagtond THiont ot eh R OmEARE iR, 1ds nPkieal i forrbcr
tlp@wirtg elesient Ivya, a mhmber efjtractye Imeartxsm gmdoha which osnarrehged

naI fromt a ont r al t ]
et B o KB A aRE sF O B ocBbl ity B 3ePhERRATY o bace
attacmrhentsiodfarantge griund oAagensel ala cp’reodymgimtrasfa,\@oct@tead
with such a set-up is the risk that the w ng el ement

@%Fggg%gﬁagggpg%ggsﬁ demne b tﬁehev.r{of a@muﬂeggte& tahf?rst

rrupted. obj ect
podblemds itme evatyi af rsteesingrtbe |ddecta>n1a)1d/\ihndsqeedmﬁ te wfng element

ﬁ?{-ﬁhg"gs?@é gt'é{iIﬁ%n‘ag@aﬁllseaﬁfobfegfjb’fcthg%\%hfﬁ’ Provude a stee?ng

I m na rding to a
unitefoii svabra gomdola whiakeisicagaliaite lraryon@mq siﬁewmbeiwnrsof the
Sg%t%w ded, wherein the second attachnment neans conprise
east one upper

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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fixed attachment point, a left noveable attachment
point, a right noveable at- tachnent point, and

WQe@W8081dd6 act uat or neans for varying the di st aPCEEP2006/008959

bet ween 15 t he upper fixed-attachnent point and the

| eft noveabl e attachnment point and for varying the

di stance between the upper fixed attachnent point and
the right noveable attachnent point. The steering

unit according to the invention provides a

sophi sticated set-up for steering an aerodynam c W ng
pebwdeat stablimr had fohenet e noThielzbarﬂicb lenae iptiofized2@eight in

steerjing uni f fixed,
et o emapub i Rs e Vasialreat « achment poi nt

for attaching thereto the tractive lines attached to
Stindurttesr m@b/gamrallw\nelgaseb@rml’rbntré‘{dberﬂ(ghngatametthrs of the wing

t h
i i & spo€ ceRrel i i B apas Mdhed Boting e base
aIt@BIﬁtaémtegﬁbrmtO Ustrala&;ttmrveedmrmstradsrrﬂxislaifef rairﬁrat Rigdalsdraan the
centr
L e e MBI RS R 3 i
|ﬂ&rﬁéi§tlbe?rtrg On“(tjf‘m!generbr arzib:qene absavixgedvnitt h;ualn @ sdtiupcbek risk
0 e i de par t
titaenting; Jrient s ecr et T WelParrisadR ol e
doatrar @grﬁ@@ds trmerrdp’red:tlt Veea lfuntiess abjdéchohéite tnyeation to provide a

Sl 5 Pl SRR o R s i

Thus by shortenl ng the di stance between one of the
Amwaﬂrbj ® aatrr(saammmbf thei imientionraistebringupptas fmexptiohed above is

tt
Shb BRI oo, P STk R oS b Yost ope vover
f&bﬂaaﬂarmmtenqopomt, aa hedt mbeeamepettacﬁhrrx@d mint, 8aightemyveable at-

%%ﬂ% tpoé'?;l gr%g ere :S'rr%oré?%r ﬂ Qﬁéeﬁdfsl%}qc?lg?eéﬁ/te en
ttle ruppér ﬂmadcéttachmewt pgjnthmdrthet left |nmvpable|a¢nabament pdiet and for
FONG uht RSARES BlneRT 8L TRBY GrlicRfieR BIRNand AR o

Mo veezild ataa;hhmnhpernt. points are arranged at a simlar
di stance from an upper fixed attachnment point, to an

H#‘esmﬂﬁﬁgf uﬁ?lac ﬁr%eto B Gh o {Bﬁoe\@o?s°§¥8@{@&a%dqget up for

ele one side In I'rec tro
steevargdan talee)ds/hemrq wipguelemeah dttaahled dheneta. yThedBasic saagapy of

tprgesteteeq'n Lﬂ‘ﬁt fetl Bg St'th%F\ﬂsroﬁ oq“ara E)%tg'dgﬂré oJeaB@ LA a left
b e atﬂm&hmzem poque@tapmnarh@ﬁaﬁ@ %ﬁttb'ﬁ Iin\gs r;%tached to the
aerodynamic wing element. According to the invention, the upper fixed attach-
ment point or a plurality of such upper fixed attachment points are connected to
tractive lines which are attached to a central part of the aerodynamic wing ele-
ment. The left moveable attachment point is arranged to be attached to those
tractive lines which are attached to a left-side part of the aerodynamic wing ele-
ment and the right moveable attachment point is arranged to be arranged to
tractive lines attached to a right-side part of the aerodynamic wing element,

respectively.
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Worgapgabl4dée at t achnent points.

bent as this is knowmn fromprior art kites and the
curvature of this bending is varied by noving the

i nvention, the noveabl e attéehnent points nmay be
arranged outside the nmechanical support frame of the
steering unit. However, the point of |oad incident

for transferring the tractive forces of the tractive
lines attached to the noveable attachnent points is
preferably arranged within the support frane.

TAGS Wyhdgtehingahd tistincy Ibéfvﬁehem\e&ifr‘ﬂmjrinmme attachment points

t t uat 0
B8 1Bk Pl (et pOTaugTea pert P sarechveibeeBou Rt Bling the
didigndel ftiveemthedbthet h&wbebl‘e alraennndhmgomhend efet upmare‘txbd at-
attachmen E‘OI nt a e se

nd en
s meg e 950zt 50 BE PR adbiviini® Ming, BRrigng gan be
dtbied inrRi@r toechapgb ke ﬂlghieﬁtrectlanfﬁfnm mrgaelemelmt)vlemanﬂcular,
of the |eft and the r noveabl e, att

t i,nt
the, ogemeEGethaRRe HFi %ﬁrﬁﬁv'}aﬁgc ita Sleidh o ik g ram 2
sYeihiitlical Ehgpe] wteadis the2fvdombvedie amdumeer pélmsa)‘e arranged at

att achnent o nt and one, of, t tt achnen
o STRE OB S T e w8 aenieel Rl BL4T aSE ingrrical
sﬂnge Qlhdrbia tak taaedtyRainic wingndlement ideencasete sidd & the direc-

R, TR A 8Bl LB e s

armte%t@bla\)oaﬂj frsecthé etdefiag tmighani cal support frame and a
30 belt, which is at least partially wound around the

Belerashn 0% ABIBE e W Ra AT oSS B LR aRg which i

bdnt aehrrent; kpoivnt fran rich artskitesnahdethe afrvathee biethis bending is
t right noveabl e attachnent point.
EE'E%L’ "tggtﬁ?mcg“esP'Sf%ﬂa?%’He%‘rW"@od. nment, the driven

wheel serves as point of |oad incident for t he
Adcagding/ & trar msntucactthagnmableeatmhmbt @obnts awdynestarranged

c& QL M and t?{]es ggé;?oq {’rgﬁg o?rtr‘i:ee%gﬁr?g bk ?q@ﬂéveﬁ th€ boint of

1 Ngs O
|0t hmdeuaforsttqnsfmtmg ﬂeractTlae‘orcah@élth&‘rﬂyCﬁy@ iheis\atiachegd to

Eﬁg Qfolé’g%%r ?ﬁa?ﬁ%%t P‘Mmg % ﬁgﬁ?a%)% dérge%tv{/ ithih fh% su8port frame.

ransferre on gear t
wheel , thereby enhanci ng the torque act- ing on the
Adveeding he first draferrethembadiment; thresteeting: aeldator mpaas comprise

291 Q&S&%F ¥orgs%§ec’t|vé\ dh@lngnegb% eélye‘?n ﬁ/@rdlreet@%‘émtﬁé)mt end of

or a uti ons
taemutnmgdlngehaﬂeuﬂvmveﬂb&atthebépm@hﬁh@éhf secofgd end of the

AG%VSFI‘O%/ISQIB thgqfq%?%évgaﬁlgeat%ﬁﬁlen%ntb SUiOtHRS pRIM Fd o BhnbYdi-

near actuat
ment, a S|multaneous 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

15 Accordi ng t o tP&I/EP2006/008959
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WOorgaostagfl4ye r ecei ved by t he wheel .

In particular, it is preferred that the driven wheel
is a toothed wheel and the belt is toothed to be

transm ssion of the rotati®n of the wheel into a
novenent of the noveabl e attachment points. 15
According to an alternative solution, the steering
actuator neans conprise a first actuator attached to
the support franme and adapted for varying the distance
betmeen the upper fixed attachnment point and the |eft
pﬁw@ liee ®dtt AoheEmé ambnmentapcinaas@cmdeammam@rof the belt,

att ed to the s t fra dapt
N T S A T
b@ﬂﬁndrﬁ&hé gﬂhén Wﬁ&@laéénﬁasadbs 2dintt gi ¢dutEinEid et foi the'lﬂ‘aistn‘/e fostes
and second act e
19 FAT TAreap's pRasTIEENG PO, P TREG vae e BT Hip Ensmit
téd aﬁ?roﬁi‘dldnwt;tlbééﬂmgﬁm)mb @héel ipoarie deschiahieal afdpo&rfdameheThe
ri e e attac 0|n res ti Y. .
WBD iy RS G0YeR ot P ST B EPiRb A Rh SREHORL ORI IS RpRIEPY
tfarnaﬂéﬁetﬁﬁli@éltré@ﬁ:tlah ggbﬁﬁﬁﬂweoﬂtﬁhel,ﬁherfeey @bh?ndirvg)trwtor’mre@act-
or urther e s or r
BR SheuPoS SR redurbhgoar mas e SHIERRS fropl & Marehy gear, a
r@fmamsaav@ge@r dissntome deap b £8gihedtbmr and sandw chi ng
t he at Ieas:] one upper fixed attachrrent poi nt and the
rst atta
Qbpit iR g FettedaBE 4 vy Hng® daf BB PRYRRA, piaCq ever con-
@Ic{e@ws tHeoWwheel laing Iveingedogbbtricallystctuated by afinearchciadtar.
transm ssion of the tractive forces acting onto the

f
RaRDeer (TR DoFyBRREh brReh el By Mhee| ang pept e
ta@g&ﬂ &Bﬂéﬂr\f@\tlﬁ’gﬁ k&éﬁ&ﬁﬁjﬂﬁemgel TBisrastares al Saﬁﬁysgnsmssnon of
rei_nf or ner s . .
b BT RIFE R HE g U5 Bl By bt

attachnment neans to the upper fixed attachnent
Aunzordirigslo. anfslteynativegsdluwioa, ﬂl@rﬁmmgm@mwmda@mwriﬁ@rﬁ first

atc?lfatgroétné $ie3 0 t?\@dsd&%%hdﬁé}ﬁg tecﬁ o 533'&@% #€%istance

hmsn nmeans e secon nent ns are
tetwestthedippby fixesiattashelent pcbetranddve ﬂﬁ;fsmbmabﬂe attedharant pgint
e | r Thi
0y M A D Polbst ey R8sy e
dmam hetiweenfthe stppef fixestl atiachardnimoeint ravdribe gigit ntrveable at-

t?aﬁ'%)grq ao"’qir*ta?ng‘? R aﬁ?asré%o% Gctubilor P@J‘yatke Bc}fn%ﬁﬁlatlé%‘# hlydraulic

structure o he steerl
ayuydeprvdfleh atslt y:ndes ptiadhedeld the sbypqrbﬁﬁr@etanﬁigwtﬂh@%cond end

? Hﬂ%%flt Orge rYéﬂh'i hoReSHIE YRhLHFeMibAl bSpectively.

cul ar

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-

Thi s assur es BCHEP2906/008959
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adapted for transmtting such tensional forces.
According to the preferred em bodinent, fiber rovings

WQr®sH3do f or transferring the tractive forcesPCIWER2006/008959

fiber rovings nmay be selec6ed fromglass fibers,

carbon fibers, and other fibers well suited for the

i ntended purpose. According to the enbodi nent, a

nunber of fibers 15 is used to provide a roving. The
fibers may be arranged parallel in the roving and may
have a ki nd of connection to each other, e.g. by a

rthir é.mymwrirakfo@@edapmme@h@wheailkej It garticdlaothd tvike sapport

pt,l_emaﬁs h}l@pgexfe[ngtf arkef{grgtr%tgacbm e rg\,\ﬁgr\%@pgtgghptp??e %){?Lg aet{a%hment

pofifel.i ses at Ieast two support plates arranged at a
di stance from each other and the first flxed

tt h t fi '

RSP el praeS b apRRTIFE ibe RoBfEoapaE ffliEtte of the
fisstFrxed tattﬁbt&heﬁt theatd and tine secomd dﬁmchgpeobmeam; @de lbynnected
t ensi.on

YO RUENa et FOIRSSR AT angPE AR o5, OG, rgfied én-
Hodhaets eelidst oratHeomshhchmronatHat Qe M Qjﬂd:GSHCIftlmgt lmthweeﬁ lﬂ'tehfﬁ'st

eri .

308 gpeTaegedlisearihne Sekefd atfstrs "ofins ARSI, forces
dnh&hh@%hgm&belé}ﬁ strubtere bbwerlsgeermggh‘tlt roey ipr&ferg:baltlmjrealized

t{ylntg(?rﬁ?ggnq? %Oetr %té Iate r{%%]sa?/gtg ab$H§étr}Jlgeg éﬁhels Samcularly

wagfe@r@bltrmnsmnmgh Gl te;nsmeUfomhs Wicttridingt tvetheuprptarted em-
t es ereas the tra onal forces betwe

Sl Bht E5Pe e ) 6 LAORE o RS eEnane Toer
ravagﬁlnm hee 3l cledafesm aglassnfgaew ddrtmn ﬁlnm_poamd ptm_r dibeisnwell
Wtsﬁ]fqrﬁlées E\?e [‘Jpaﬁugqoesgr Rﬁ%e%%%‘? Mr%)cflrlngﬁtr a rnﬁmblgggf fibers
|E’E§édEF6ﬁ|§}66lbeQ8ﬁ35iag THle fiverp atdyi eudraangedtparaiepinethe roviny and
that the te onal rovings,c rise.a fi

opbave R e tRpele "R S &3° 88 hpfh Sk o 4 me-
Madtcabinnsktion sike andistieg, inttriacng ogstensei irmeoftthe tﬁberlse
other one of the support plates By this, the rods are

lel %@296@ p{(%grrgci?hét t%fa %u ﬁ ftérﬁ(ee %omghgésnﬁ haeastc’ lt\%’%rubport

rovi ng
plated varcamged natt & wittaroe fremr eadhi Qtdadr aV\ﬂethelfmstt fweedrratmh@ent

tﬁ%értr %Ed {hge f g?’x %tﬁ achfle ﬁu?p&ﬁt grjet 9$F5%§texge91'gﬂ'@yf?&# one of

e rods are cCilrcunscri
ﬂwbkseppasrbpiatu;stoftm otheaasdrbemgmgnnéréed butarisicnat ﬁtretregv'mﬂjfor

(TS b P DEILRE e bl o haplcR) b pcuse
mbllca«lﬂmieathgptawatgm stnettaretod dreneteerimeams without lgiviig pp relevant
mechnical properties of the unit. According to this embodiment, the tensional
fiber rovings might be integrated into the support plates or might be arranged at a
distance from the support plates. The rods are preferably structurally secured
within the support plates whereas the tractional forces between the rods are
transferred mainly via the fiber rovings, thus avoiding heavy loads acting on the
support plates in case of a separate arrangement of the fiber rovings from these

plates.
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10 ther inproved in that a left and a right upper
fixed attachnent point are provided and these upper

WO poo8(i3dtd achnment points and the first attachnRCE/EPase8959

are cylindrical rods extending froma first support
plate to a second support plate arranged parallel to
the first support plate and wherein the cylindrica
rods are connected by tensional rovings which are at
| east partially wound around the rods 15 and which
conprise a first fiber roving extending fromthe rod
ih partichiar, liektprefeared dnatftha eshsiinbhaivimgs tcopmirisé at first et of ditler
of the fin&& a%tqchne t,. means, . a second fiber

Ve P

: . r o¥i ng
"R ATIAY oY P SUPRRT PRSI SREPTY ST TOVings
aatarcaﬁthmsembh@aém?n% of ttiee suppmolt ptbtdsg 8yfthiss theatddachneesdcured

ans,, a thir r. roving extending,fro poi nt . of
o2 ithlr pe Beac, bR ot st BT BehserR oh oPRt Bl and
thdxe arsf@ddw_fchtobashtfddtish isiteka e, RBersimthemeidale fantrof the rods may

transferrin e tractive forces. is set-up of the

SeBers FLpUTE PRiPbong e Shd ok at e St intimntibed by

tR® fibérSrovinge Ifen farismuittiol théeraativieaiohsesrdndoiient withif dite hsport
racf?l ‘ée-l-i nﬁ"lsﬁ’* are vaiabl e and tarranged on the sides

Plates tos defiripg ePaamqtrcal ATAP9E dt achnent points for

the tractive lines are fixed and arranged in a cen-

Rizally, {herfixatibh bf thes pitadhnient phietsravk atvdahnadrt acdemstan be fur-

Frampraet s SR & hene 19 eas: T BehbrbiSTEAE Wovided
dndcthdsatuppbt iﬁhed iaﬂadltmamm;ints aartdhthesiinsp attachpharitemeary are
t i t ot : t h ' '

KT T AT T T R
drainges pafaliehe thaofirkt sespoett plaehandrehergiotie syladdcdlfreds are
BRneiun bt hoal SR T oy o B Bl ot g bl rous
drdamsiétecoraprise aditst fieef mvingsextendirghfrev éite BRI for ¢he left second
SRR Bt €GB RO Y SRR, o Bons e
ro@ag extendizigyfrort ahé Ined farrtisé rightt sechne fikedretiashmaérit goint to the

[ ' h h i - Vi .
B2 P e PR Sl V2 B S T
I&ékD&v’chéﬂJééﬁor_thH /nEﬂ%@B@ AGRHGEnt p@nﬁsﬁpmm af tjngnfdjstt #ttach-
t or . i.ng. .
N
p‘kdvid(fé. aneﬂgl b{ fresr attamh'nﬁ.g'f poBys, _ty@qneio-twvifozﬂemb bHaghmegnt points
| e [0 0_i nproyv e , . ,
e T e T
aid tweasttachmenbpoittsefonthectedaitiee titesaale fixedemd granged in a cen-

B8 v Pt B A BB B FRLT € eblanacr
reaftqubireransierd thesractvel fereast totah east erot paiet dfdearkiscident which
is attached to the support plates. By this, a total of at least four attachment points
is provided within the steering unit and the tractive forces of the two fixed attach-
ment points and the point of load incident are transferred to the first attachment
means. According to the embodiment, this transfer of tractive forces is achieved
via separate fiber rovings extending from each of the attachment points or point
of load incident, respectively, to the first attachment means. It is important to

notice that the three fiber roving may be provided by one single fiber roving which
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acting via the respective tractive lines onto the
noveabl e attachnent points and/or the tractive forces

W@R2a0BM314¥¢ a the first attachment nmeans onto t hBCT/EP2006/008959

tractive cable. It is of p&rticular advantage to
detect these forces close to the steering unit 10
because this allows cal cul ation of certain flight
conditions of the aerodynamc w ng el enment and thus

be of high relevance for controlling the flight.

Anot her advantage of this preferred enbodinent is the
.sawoangemtj thé rbdnefcsamtm for ginglesfibenirbdings txtendihe detwegen

t Y t t
AERbge Brp AT Ine sreulgl TS poutptdBeERNTies B8 Bg pro-
vided betvesan siggle nbds teiimproveitignsatifinesnef tae whiohestrukture.
transm ssi on neans, thus avoiding the risk of

' f th h
AggoinedPasBihed pesP et PRI BllearteauBE BI abP s
mfam pbﬁlts ém{f?rhee firstattastederiyngzme s cbupglpcanbdhe lsomdrt frame via
able atta

A BAY i Bee G oo Rent Rerly astedline e forces

aptirmguvdedwmkesplecmee trbotweb&n&souptloethet moaeaﬂleamacbment points

8%: fl]hevFr?cét :%%tg%kgng% v‘tat Qte t?l st cﬁ%ﬁg mg%r\ég Sr%g%g ?I%Qttive

chblai It isnof mmlar%duhntagel td demetlthmevfemeah:loseao tracstaentg unit

f :

oo e o SehRUARC ST 2o e rBfgnd g opggynamic
wind talem@prft andethas Hehef Wghg'etdvemm]forchun{rolllngj thdr dlightt.i ;glhrMher
§Han ﬁ%"f g igmgslué;rgfjenghfﬁt@tp f orﬁtqgglvgm :Lrlfantg%%%l Xf t‘ﬁgséénéor signals
within tha steefnhg ahitt Byethis itds not rmatgssarymtortedramltosmch Gehsmr sigi\als
t I
aBiparbTe ] ORI ko 15 SBEfe SRR ik SU e afer
trangesbioa raddrsc thusEvoidirgrthe fisk oCioternuptidn ofghé itrahsmigsion.
force of the aerodynamic wing elenment may preferably

FRBES B ST e oL iP oD A1 (8D

fathe3 Ompwast by meovidiag addigonal m@vaablamtedhmentanema for control-

BB SRR Bk oS8 S8 Ao MRARMNIARI 4
beemppletity et easi oneatracliye tine bachedro iiesadredytiamic adgeelament
|H‘| %Sr?%&)ﬁ %' Mé@\ Iggdlna Iyd %(Iglj l?t%ra n‘ﬂﬁ éa'dag gugpgtlﬁdlt%?ﬁﬁ rn%lve-

force
e attaﬁhrmdm n@aTs mlaertmarrmdt mgdamghebmghnsam ke moveable

Rt rﬁ@é}%uan&/%reg té) cBXtr . f?ﬁm ‘?Orwv'o? he! %gv}élé}gent dur-
il S

nt 'as a consequence
|mgw¢ha/ﬂ|gt1aIS|m@be'ed@ce§t tifting | force WI|| 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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According to another aspect of the invention, the
steering unit as nentioned above or described in the

WO paoBoOdd4d¢d ory portion of this description nay BPEI/EP2006/008959

further inproved in that t®e steering unit conprises
an energy storage, a sensor for detecting the
orientation and/or rate of turn of the steering unit,
the position of the 10 steering unit and/or at | east
one flight paraneter of the steering unit, and a con-
troller for controlling the flight direction of an
r%ﬁf@@lb"rg’iﬁ‘bﬁwem NgsectineInt inad ragidredetweantitseleatiegrddog and its

e AR 5 Fh O G20 P b 0655 S (R anc

1) ﬂgﬂit?/{nhg E)l;t@lﬂtr&ﬁﬁ/mgte%mérﬁrandh&mmag behsef ltd giwrove maneu-
|reC|ono t he mc W n enent ba

AR e e B e e R X P

imdivilSal R@§Ri d¥la@atly provide an inproved control of the
aerodynam c wi ng el enment wherein at |east a part of

the process steps required for calculating the
Azmatdrcd Itceransihgnaisseétoasf theeineerttioat tre ateenp@nfndirammentioned

%ﬁgﬁé? gtFQﬁgﬁ)F dn Iﬁ%ﬁﬂt&o UI t%r;é?od'ﬁ%r? VP hés ggsctﬁ,gﬁorp?h Si/ b further

imprivedl 12 gh?_uﬁmet staem@gerﬂ m:rnbpazg aunrehesgyaistovage ral sensoe for

vers re

Ao 4 Tiai TRE a8 RS TRE 4R 8f; L fSlon orthe

sgémtngtoldltl a’rgjf/ctr{“rﬁ | @atsit lmagdlﬁgh‘t oarard@eagofrt?etst&errhbug\ht and a con-
rectio I

t[orl]IB{J rfzprgtlté?l&ﬁtg é@g?}t %EX%{OQ Sfian gaer%dy% %@wﬁg%lérﬂgﬁ{tattached

tohied ste!eang walt] ihegonaotipr e eorwientpdetbehe Iseescu@ regdtthe en-

ST ST 514 be R GRS RaY oBukelg T KECkLE Rorignap i e fioh

dMeetien Ff ﬂ'iteeae’&Sd)trIaan? r;mﬂmgselemeof basegharh thef sersoa sgnalanIth a

coptrol station tg e [

BN GRS %e”ngo%t 5 Sé In? i Bf{”vi"f?n%’? |'%ﬁ@g%%ﬁgﬂtg&eoq the

aiﬁibdynamﬁednr’cg/elehent whemin altgeaxstla pau t)htjnetprpgspmst stépsoraquired

fgﬁtggllgglﬁgré%iﬂg%fco %(%n ; h%‘%&s\?ﬁ)ﬁé % OJ&J%%r grteaéér‘g&med-r\ni't‘rﬁn the

ste¢rirgy nmanmsnavmximgserhé nesd fté itwinefec yargé atnherEs oémsigngls to a

t I f

HapsosBofaieanpin Tts afbnf St b bRl unit for

at least a certain tine period in case that breakdown

THis eneéenggd embnd;ifr@nt aanibe furthieg imaprovedinsthaistoe santieltefiseeppa-

tIhe \é\ontrzo ||n t %tcf)%/ﬁ:a% 9\ /tRQﬁ ﬁ?dir' agn%%ﬂ rodynamlc
&R s 0

eering u occC e contr
mhgtdﬂemst\temthmg inpit fronannoutslldasthevateefrngu HRib Ianpartlcular when

?cﬁwi Enclgr ALl Wrﬁ)g%rﬁgﬁ% %Fl'ﬂﬂé{he's@ éﬁ\ﬁeﬁrﬂisgc&\f&hqu the

98er S ynarm ¢ W n
innerdionriols afdogtant 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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It is further preferred that the energy storage
conprises an electric, preferably 5 rechargeable

Wh 20080346 a capaci tor and/or an air accunul at oPCT/EP298€008959

energy stor- ages are partit@ul arly well-suited for
storing energy with | ow wei ght-conponents and for
providing the energy in the formrequired for the
actuating drive. Thereby it is further preferred that
the controller conprises a logic unit pro- gramed for
controlling the actuator in such a way, that the
geRImAchyat R aﬁ'd\/thélgteeilﬁﬂ ehi¢ oedUrs.i Fheadontrptierkod e stbentgy @nit can

[ [titud Wl al t
PR s oeigenor e efoufHian LS e LPavan fahhe
aBtdgiyha@iaiingeletndrit beperass bhedntrollabtant rol t he
aerodynam c wing el enment in such a way that the sane

h b
R Rt 0t S Bl S AR RSPt oh SISHHE Bty
rédlﬁrge;abtd It)at&argzaé)bEpaiaHopamdlblden girgrec@imalatdr. Ehesegynergy stor-
ansfer .to

P8 P Gttt Svelcrafadl T eadBh g righadr Bal e s
antl figr preVidingite atergy fri thedorad teiquinetbfoothenadtirtingadrivex ed
altitude range, for directing the aero- dynam C W ng

G £y P S RAARERed 4 e e
gaarsmealfghtorfttallgwlgtthpaictuadaort|ersd|clmga 29y, hbau wemabdmamTMWlng

A0 B Reel S AT, S SFAERAL A © 808y o
tahtascer@n aititudeayf the geraynamieding celerhent, ardiemight edemgake it

e S
opbr $I|gt:tl|y diminisbed toberabthaem a@leyadtthus furtret nrovidiogrujgrdﬂcant
t%g 1\29(? orr%% n%mwé t\f%ctlg% { 2 g'% rg\ndg X S@{nﬁ{a&aﬁth% t% gY t%ﬁsfer t% the

greyndostatimnef erred i n order to aI I ow for continuous
operation and traction of the w nd propul sion system

'Ilhré Ié@b%nﬁ%‘?‘a&o?%%@aﬁ%g@' pggérﬁn;njléogﬂaf' k@%# Kg% e:| éerod naml? wing

pre rab respo e cour e wat ercra
dierhientet tahfe<edsa‘(@tug@ rc yitbintal fixedoaititade sengen dort dieechios kel agfo-

oSr/]Rartnr(L, ﬂggeﬁ%égﬁr%@h%”a%e%tg%ﬂéd El%se@mo#isﬁrigrq rfa% and/or for

['Tne and m ! st eering
Keepiog: the raesod\B@N© 9¥ing cﬂlﬁmmtl along amstrajgeflightepatbrext¢nding

@Wérﬁblﬂp Th\@@o@@%f. Orf!%f' '6@ ;ﬁ%%#\ﬁ?e%o |)O%§805r8|n tajorie J tRese

referred e’contro IS c nnect e
aterrativest ootwp senkof thise alteotatines mydwgurlosramgd tspdhatoﬁe-

p}etﬂglngto%eﬁléﬁ{%oHHh ibnd On BbAHAR driferbBfcyrbESh ARy Ye selected
WhICh f|ts the present situation. In particular when the steering unit is used to
control an aerodynamic wind propulsion system for towing watercraft the flight
along a straight flight path may be preferred in order to allow for continuous
operation and traction of the wind propulsion system. In this case, the straight
flight path will preferably correspond to the course of the watercraft before the
emergency situation arose and the position of the aerodynamic wind element is
adjusted for minimal force in the towing line and minimal steering force: this

position will normally be the zenith position.
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and is programmed to maintain a fixed angul ar
orientation or an angular orienta- tion range or a

Weewgndrmed sequence of angul ar orientations i PCHEP2006/008959

| east one 5 plane, preferakdlly nore planes and in
particular three planes oriented orthogonal to each
other inrelation to the direction of gravity. This
preferred enbodi nent uses a typical property of
aerodynamic wing elenments like kites, nanely that in
case of wind directions oriented in a perpendicul ar

1ok Gehdr préfaered) %eCtHeOdfbrmbllcgna\conhéqtec( ta at Ielaetrd:rmos&rmby de-

t(%(gi(fwgfézbl %ng?glprggﬁ%gﬂgpetsﬂegnv\p Halt ! ecﬁ_ﬁlﬁﬁ t@ rec¥lon 01I ér\és ity
apané palgratmey tk eepitan 4 freed byl czientation or an angulbaonenta-
angul ar orientation wth re he directi

(G Aoy O ThPLLARTBE “SRURTE Baobg P Rr e & tefit one

dlaﬁ%p@ﬁdféféely&ﬁ@w planey amtna;tamla)fthtdeeplammommgem pithogonal
0

t he di re fio Thu
Saer Gt apih o drasrorise el Hhidrerdribenbdfien
w8s ?ﬂ@bllcalf pl’@@éﬂtﬂi 3] ae@Uy@dm@ngud; @ren}imﬁs; like® thesanr@mely tHat in
re irection o

case &7 Wi disqions fives e P BrmeBdetel Hah¥ o B Frefionpt arev
|£yf(€e Shérohiag) thélfligrﬁmi}etm aawmgne:adhmem of tmmamtve\fedcys ex-
spect to e oun on n
P enpnpIametcaeps gpeosRoyBsanidh B8 MiBis¥Eenin o

o@:ﬂlgml @tﬁgtdrl]ﬁrl @i&n@éc’;loanﬁnh sespaftRt e dizete of lgvaa,hty Tﬁi{alcﬁn be
all o e 0 na eCc
Senieed tydsthO H errte Sl erfeniatian < & SAfg FRapin
rblepecsg@l thed ddedstemt oft @r%v@ﬁr?mﬁnm COnMolmgr magnm'laferaﬂlwrbg ;aro-
Cl Ose J.Keé a Clrc an e Ol

GrmEeg) o Rainiain B andhfis hosiel of & Fidufar B raR3E Wi re-
dpeodt toolhe &urmo@ml@r@@equemm usbiallyr iesalt &t Bonsrendr less fixed

of t en rowﬁ?e a safer ntr.o

SRl el dRe sicaros ddrelBR amerarererargkENely, Bipirdecs o
B Polrdy statiehangesingfrovédndersipeed thinctontrolterdi pegraromed se-

q%%,qlﬁtg@% gagl{Lf%rt %‘reﬁa% {05% ?%é(ﬁd tgg gérlj]stsegﬁg\sze%gtr'l; 4nélgodvs fRe aerody-

rtdmeemdg rewﬁemrts mtjhegemmota) cedaih préfeeed gruditiohrare could
r accel e i on _sensors arr

HftF%r g Ysed tg, rﬁ8b%ﬁaﬁerq namig wing Haz rg%nq§|on§ g]clgged loop flight
gHtaMKEEE dirtler ah @Uipadie cara fighitipattt incthe 6érnt biea mlrlgsel’ghbﬁloofrol-

ravity fromthe,si S of hese s ns
I&W @eﬁqugmz%%or egrp% |lbpé%r] R" gwggt e%ﬁ]é"n ccémllo\s of tpe flight
bfhehe3Wireh reﬂmﬁemnb@éalgeawdhy cemenh isnleas stepeitivegtoumomentary
ich is i pose(g> r B chang- ing accel erati ons.

Serstosh B trrEebeRy MEDIRITRGS0 . 12

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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According to a further aspect of the invention a
steering unit as previously de- scribed or a steering

wWQ 0B/ 034eddescri bed in the i ntroducti on of the PCTI/EP2006/008959

description may be furtheri2i-nproved in that the
controller is connected to a | oad cell coupled

bet ween the support frame and the first attachnent

nmeans for measuring the 5 tractive force of the
aerodynami c wing elenent, a |oad cell coupled between
the support frame and the | eft noveabl e attachnent
AMRebiaty 04 fireas Wsheg éfhBeliefdntios hegeemy GOt as, or@.bmﬂde-

o TR e OB o T ol o

bet RRREMBIreVEEin @ha@?r&‘e réel-"‘otirolletr hs)BorfrieraCBﬂr to adn (@i célncoupled
anenoneter. 10 T ertr rfov i des at
HeBURRD BYReSUARATFaTE s g*ﬂef el bieark riplifmeasuring the

tRRH TRV &f th@rae%d%émud Wirg élé}ﬁefﬁﬂ agdsad odll Edupled between the
aerodynam ¢ wi ng el enent, from St eer

AP TR A0S (TS 161l BEbVERDIE, SRR ega@cﬁ TRSEUHRG e tef

éiﬂﬂ@' foreef I @mbﬁélt@”d@)ufp{édt beweteené rsgppusrt tframENiafd Whé Iright
nprove self-sustaijnin er at te
UeRbIo PS5 Y BIROF HeFoTrBRAGHR BPOTIR T GAAPS Posi
toh®N88A a6d/BRan bRerhdmedrt i cular, it is preferred that
at | east two of the load cells and the anenoneter are

rOV|ded ure basi.c control of the

i gresier Arboamient pratdescal kas o enoprae L i ldparin
ifput FRFSHANtaRIOR cohtAsllimy (N@Lﬂl@htaﬂ tBQISeroﬁgnimmcomnyrellamerg from
an.aerod a_nunber ..of

ihde Setttncnt Bl i RES8es iinfl dFpidrigy sehds i
fegnt 8GiRIFRNb ShePStebiinng dm;snammem irabong sglﬂ-gumd\irfg ?mférmfontdfehe
to .a steeri unit a ef ore ere
Sestter Sf et P femboreal BrepBarwh L SHPT sl ARl i
FEPiULRR! RO bﬂafér’?@i treft tat rease ol of m‘etlaam gelis ambthet aneraometer
nunber . of centr nes. are caonbi ned and
RS oEs s asis toryPLadhe HFoHARTaR e FREN
nunber of central right tractive |ines are conbi ned
HBidine@itionnaay @dthies b hemvadigd mférxaaeiodﬁﬂamih wemd prepiulsion sys-
t

t?%%b?wﬂﬁr@% aﬁ%@ﬁ%@%g@ii:?\anph;%ﬁ&tﬁf vig nhm%grc‘ ofr&ctive lines
gitdched feethe wiog at a phisality of att:hcpmeptslmlrdadsjﬂmemalong the width
t {
SR bR cBRAEE B oF ebsrl bS8 E hEopLot Bt et
tratipg ONesjerefcmmttuh? gmmE:rc;]nrtelcmdsto tie leftenoitesble attachment peint,
e e
b@% % Egﬁ Cirt r?ﬁtéve Imﬁ,g ragevée 3%9@({%&? X\%rﬂ%cw’gqe%éleﬂrﬁxed
ataeaMengpoim ta omiper afeentdidight taativeniines aoe eombiredramsingon-

nec‘?edS to tﬁe r|8l(1)tnftxe8|attacigmvp p%?nQSAn%L%‘?nf‘FT&E?Z&W g(hQSt?aﬁ:%ve

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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wWoeoBes14ed tractive lifting force control

-13 lifting force of the aerodynam c w ng el enent
which are coupled to at |east one, preferably a

attached to the aerody- nari3c wi ng el ement in a region
between its leading edge and its trailing edge. Such
tractive lifting force control lines allow changing

the aerodynamic profile of 5 the aerodynanmic w ng

el enment. By this, the aerodynamc profile may be
changed to a |less effective profile producing | ess
litingtfodeg of @t Eeroely-gamhympgllolldnn@fwlﬁ;rt ar@ctdupked tbidttiéast) one,

neslPiFBb A Buimfer bPaEaftina ise StRL PSRl 3 e, seroay-
nafrid GﬁthéIetriéat fn atrégiehmem/eqmltmteﬁdmﬁlmigedaw eaﬁemng edge.
i ncrease

o e PR b e Tow oL Shrcith R A<ISRTRgTo Brofie of
tI@e% a@ftaaynamucwn% bRk, csg?/m?{nrm avurdljl@}/nghmmglemnby bk @henged
its trapli edge a i . .
Qb P NEEONE mridiscieba Thig 8! RS, BLHElng du ragyve
Ilﬂln@ffkﬂc_@g:ohfrﬁ liriektanagthti iruicingrit d@hn\harn&?lr\amﬂetm tise aerody-
restorin e 0 |numae r

e At Pk gt e R el PHE AR Ee s rsudH deoraase of
ligtingi foredavinLisudiyerevding @1 eomake oStlmerthmbf attactifofIthé bemgy-
force (%/ ower the |

P iR eneat Tedpt Aerinnt eo ldtf uiften8h & ralp edoe
dnatiry tleating ddge. s/mgsls m;cla Wi fotlcer maym:amnamﬂass@egdm by
urjng.t starti andi
Saeeng, np et Giree BPaBRh UBS E IG RSIPERS dBmePUTIrT Ro0y
riadni@pEcitd 6t rhaxitnDen lifdey Gslye and crewormgg abezonitd! flight attitude of
g N Eleginy SHRESID ah TS s, B4 P sedge, BFRE e tting
forRgl ana tadjs @@E(ﬁa;é O?]ﬁp?swqmst @frthé iwih@ ettt 3@ interference or
rectio | t he | eadi,n
Sendta pORnT BreShn e obr oG P o iRt nog e guvE!
lifting force control lines are pref- erably attached
unber of tra

rpfetr%h{{g, %8%}0'8@%%?@ ra%:tfrl/%glgtia ng force tcg@tﬁol de o t%;tta%hed to the

RRODEmidWINgCeleinagt ialedistahcabborg: qmane\modtHaz\NeBgathméltﬂer agro-

|on Thl ro t - Vi r easonahl
HEBOU e AR SRTG Moo eirgcrdte Thef (kG PG to one
quaier CH Iéngtmﬁse Hirectivasbehtrenthaeiradiag redgemashiitovmhm be most
e aer na i.S
sifeb iy sEdnaia Migpb 258 PoR RS MMl BB GGl ingsare et
dbb&ly%&swdmensmdeeg‘@rgl ons have 30 less influence on
this. Thus, tractive lifting force control |ines

attached to the side regions may be onmtted for ease
Bdrthee eshlirdbén afnraci RROG fEA darroP e sER2GHBLOaB 5B e 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.

| i NeBCT/EP2006/008959
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-14 Still further, the additional noveabl e attachnent
means for controlling lifting force of the

W@088yHadri c Wi ng el enent may preferably conprPGEER2006/008959

| eft noveabl e at- tachment-1deans and a right noveabl e
attachnment nmeans which are coupled to at |east one
tractive line attached to a left region and one
tractive line attached a 5 right region of the
aerodynam c wi ng el enent, respectively, in a region
between its |leading edge and its trailing edge. This
St irthak | thw ageitibfigl imefeableeatiachiienignéarscier obntrdliivg lifting force

rod mc wng el ement t in the |eft
of TSGR Bho ST 3 BB REy eoHiso 41 pRpeble at-
tabhireeit intanefandne nghmoﬁéaﬂ;]ﬁ?aﬁammént endans sthittharencaupled to
wi,.se axi s

o PSR ority 108 LREE Ber i a0 BhPap P v el i lafhed -

rghBregidn’ Gicthé \a%rod;'abﬂnﬁt: wingtdiemént] sdspattivathiveatregioametveden

HOr AR TR N .

tﬁéwgerbayr%rnﬁiawmgwallerr@ppkepar@tatyl iR ok rahu Qlﬁtedgrhtrre@lbﬁ and thus

i ntroducti scription descrijbin

U@ e Gforg et ies i ¢omea S5 i 474 g element
areUridngrengpwict aifs. the i nvention a method for
controlling an aerody- nanmic wi nd propul sion systemis

provi ded wherein steering signals are transmt- ted
Furtaen, ahd aventimmninag lbeltermbodied ang edteatraét donnsttet ovaea trantive

cBedo &bl bt Trieaior s SERHip AT SL St brlBBR FHem

dsrdestiibesl atsdviee Irathis wspaahmﬂerbwceals raadeatdytrnanmern/atlngal appli-

ement. .for cntr II| i h 0
Bl et R SN Mg Bl g SabisBoh cHeor il fikneystoms
fohtawmgtveatercrafed i n that the flight direction is
controlled by the renpte control unit in case that

{ : i
Aéqgghdgqeifggagfruﬁggéégd&grgt %eﬁ@%%h&?g nﬁéﬁﬁ&# Yor . c%hﬁ&q_ﬁqqgn aerody-
naetith ethdapriopulsiohaystexaist provided @Ahetﬁﬁn Sleerlm; sighalsgire ttigasmit-

t%?;/ Fr?%y Q%%{ {:X\ﬂtpoq uﬁlt% Béed a§a ekt l(ﬁwrd ﬁg’c‘egé&i@'}ﬁg}?ﬂ% a

ransm ng respectrve con ro romt
rbaste candot uwt monnted éma steegngenit fued tprmﬂ wipey sedadeand of the

tﬁaﬁﬁf{?&blé‘ %%8%{3%&?% SP &%ﬁgm ch\ﬁﬁ'\ élgﬁgﬂt{ zcgscfljgy%iliﬂa the

ése sl i sor
floght diredticnnaf th@eerodmgnslven@ntememt gud the steetin@ urit, ghatdeter-

ee i .ttﬁatctﬁgiflg?\k dllﬂé]&titonvl@i:@nrd.lllgd gzrtlﬁé:k'n%t@rco M}%ﬂ% case that
inthe eerrng unit. n cases t e re
tb@memote corittol vt dams B3Y receive steesingotignats ferna tm@dejarmleed

p%friog%#%g' cal cul ated by extrapol ati on of the previ

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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transmtted steering signals or may swtch into an

wepsgerdy control node wherein a pre-progranP@HEP2006/008959

routine is followed to avoil®-the wing el ement becom
ing uncontrollable. In a first inproved enbodi nent it

is preferred that the renote control unit holds 5 the

steering unit at a certain angular orientation or
angul ar orientation range in relation to the

direction of gravity in at |east one plane, preferably

ol erapkmnts stédrthg signds bi ©ay awitttineeam eaeegenoy icentr@dnode
rthogonal to each other. To this extent it |s

Wherelh peepsodnE el B B e o elsThant pesar

iggiesbneremdbl@f the steer- ing unit providing the

capability to control the wing elenent with respect to

-.10 | Lentatjion_ i [ ' j.
el P bRab A 0% bAGELEh e RrldE cdhianifoes
te@Btdedihg wnittat secereait isabllgr diierdaticn ohangiaresrian¢ationmatnge in

' . | d.l f |
Befiahics P ilecfar L REEVy T8 b FERY RRE BidPle, B0 AB&bEes
and ialpahtieakt trae piresearieptedferthabbal toeectpbiieesTathis extent it
RS e Ry o PR bRk T el Vo fBR ol B & Hheer-
ihgueit pmvtdir(glthiefcabpaiﬁtyrtit)sshm? t?é wirtgeglemegt wish g;s@{eﬁt toremgu-

te control. unit, extrapo s.a sequence O e
'Tgr:%r}%”gatt'ggp'? f?gata%g}?t‘%eaﬁ'&“?g% 8?9/%?5'“& omqt he base control

unit and cal cul ates a sequence of future steering
Rirtperlitss predenrédihat thetresnotd entrohuniPsesfuentially dingblsdhersigesng
of, the jinventi i L M ce t. )
Gl A B0k e b P RE0E of DB BB LRERRR ' o
tobepbd thesdicedtivo of gtavity ewatdéashiona elaneyprafarablyintaye glange@nd in
Wi t h

B BB 8oy PRI A 0 TEL o e

wi ng el ement and steering unit according to figure 1,

FiBalbi §.is Prefeped thatdn dasaiof aofintetieptinneef franpmissien Rhsiergng

sﬁér‘a?sc th%drefn%lfé cBﬁ@&tdnYteeJtﬂapglﬁtefsq B?:%%ES O it 128 bfaelihg sig-
ng el’ement and one tractive ca or connecti ng

nals neceiveldafemsthat base, conop 00B/a09 1@ 1 HET/EPLYEBICE (Y ITtire

s’t&&ing 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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Fig. 4 depicts a schematic drawi ng of the points of
| oad incident of the steering wunit and their

W@ aWResHi#edn vi a tensional rovings, and Fig. 5 BEPER086/608959

schematic side view of the18ér-rangenent of the

conponents within a steering unit according to the

invention. 5 Referring to figures 1 and 2 an

aerodynam ¢ wi ng el enment according to the inven- tion

may be shaped |ike a kite 10 conprising an upper |ayer

11 and a lower layer 12. In the frontal view

F&sf em@thag d scHehgitic @réwﬁwgwf P eoIn3gSf |38 irtidaine of thel sibering

int hﬁgileadln eq?§ a, 12a. These openi ngs

upt Apdt thgirecqnrgc P08 BEFRMNt he  upper and | ower

| ayer 11, 12. The openings are arranged beside the

FIig)rsi dhpl‘dtsila stRerhatitgsitiel dienadf tiaxarsarafeneane oktihkeeonponefite within
eral ea betwgﬁn thet adlng edges 1la, 12a no

6%% HINgge" §P8m6F§%8 e MYR'Mhper and | ower | ayer are

connected via a plurality of ribs 21 shown in dashed

Reifesresg tanfi gu'rgsun and 2 aﬁwaaeradmanbd: wlrrgfelerppmradcayiing tol toeveven-

A an%}e % |l$l urka\ﬁ 1d t%ﬂprlrsrenlgt?n u&ée?\{éalcﬁ (1;1 nfglagl)é{fgl %yer
19t ethe rﬁ@ntah IvtemB@comrcﬁngithf gurallifoyr cnfentrtgacaOla»cEadei \nsible in the
Ieda[ | ca ﬂ‘%agrq%?n%ﬁ§ vteﬁﬁate %gb%erogp r% the

€SE |nes are ner e
lmpereandjlwmd Iaiym‘der 18f The npemngs arepahnuairajeldtt;esufe ﬂnerrgnruzgntal

GoPipOLEkn of P I i el 8 bebwadl e R AR b1

12ame dpeningb@vepiesent. gure 1) and finally the plurality
of tractive lines attached to the mﬁng 20 elenent is

Trh%dl;pccﬁeq Gafr}%o%tw{??t@{ernéjrgbc% ng&e{i% ﬁ]ﬂpathi ?f 'ri.bgezﬁ shawn in

att eerin our tractive
dakshess limesnisifigureof. 'Ehmassee’@iy ofgippealayen éoweriayer 40d thgyplural-

)" 0 Lb‘éo;%ro{myiggaii it 'vofrg% eprf‘e% %éw.@eséﬁqe%m factB8Mo o

ure, rac Tve
scbsmnmgolr&tdfi@ oia heplwrelityrafl tractve dnesfBasinallki $tertmgefrqmga large
t j tov I
e et BraiR Lo e MBSyt e AL AP RRTSER, b
dscee numper of iesiine pluratysgdanergingratenseffer thatsekelof Flagiyamly
PLnb g SR oPREPSLER HERR VR, Intd8nd Wdriflgn 1iaBuld HRE is
&t TF egl on. Seen fromrti ure% the w ng
shbenentfiguee &} arattlﬁeelﬂyt @eaplwahtuaf tesictive hrnﬁs aitachetljtadie Wing

4|énr§?At9@ %Jug&g Rk tc%wrﬁme% o@r gQa VBAHES ARAY 8%hS Mg

ure I rect
Lﬂﬂﬁtt%)chrrent poi nt s of the tractive Ii nes are
di stributed al ong WO 2008/ 031446 PCT/ EP2006/ 008959

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
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-17 the wing elenent in its longitudinal direction and
are nerged to the final four tractive |lines connected

scribed for those tractive 17i-nes distributed al ong the

width direction of the wing elenment. 5 Arigid kite

stick 50 is attached to the kite along its

| ongi tudi nal m ddle axis be- tween the upper and | ower

| ayer 11, 12. The kite stick 50 extends al ong approxi -

mately one third of the total length of the kite. A

Jgeﬂm@ngldnim i Rsi |sngujdﬁed d&bcttdmeand<btaemd;eﬁ<tc5&}1e final four
er vi for st art| ngeuvres o

RIS ey rancer e e SpsmB L BN aar B v enas A aUTtSig o

sdfibdd RP thesecpactretlinebalisttibaed ma@pngnthe widh dirddion of the wing
tercraft which is to be towed by the kite 10. The

%‘%T"?ﬂ ng line 42 is at- tached slidingly and detachabl e

via aring elenment 44 along the tractive cable 43. As

A agidhetesstiek S0rierattabieedi et thiel léte aloregnitofonbitgding rBiddtehaxis be-

WIS P = IR a2 Tl R ORI AT B

naditelyadrieathing @f tra told I&ragtih obthet tite. At@adingding #ads iguidled at the

L.in 40a, b i.s coupl ed th are V. abl e

e Sk 408 g1 SRy S Hbbind rRESESHA SRNFRIE DT §
32a, b. The second end of the | oad ceIIs 32a, b is
mmamlved:abjetctﬁ & aeahedtd Wwe&ﬁeeriogmné@itng:onlh@tlﬂmstleml@g unit
cells The L _he i . r. - r
i e fral Phict  KEBE fald Ry Tk ki 45 RE BiBAdR PR et
tderfddestitiiadly dRatdetachabtef via heing emmewh délal@ythevtraktiveagaple 43.
the di st ance between 20 the noveabl e attachnment points

&ﬂq@e Qéent Pg tR@ e&ﬂ{an]j %ﬁ% fi gBreaf Olhé gﬁaegﬁéhmt\g@%%h]p%ées

nment
theﬁxed waematmm)ﬁnetnheomlks 8ta, boab\&mcfb@%mﬁgfé@?tlivﬁ “t‘ﬁ%\t“a b
th ce between a first one of the load cells
E%Ttg%éetdggt he upper fixed attachnment points 31 a, b is
increased and at the sanme tine the distance of the
Radheof thestasfing Heactivatineseddas basgoupled gvithha sespgpli moveable

gt@éﬁﬂe cﬁﬁtt%‘ahgeﬁta el éﬂosofaffa@celg 4%, ge?ﬁ@@é&ﬁl\d éﬂa' & the
Fest

change of f g direc- tion of the
lréd ecllsTi2a, brisequpled w&rbaeeaebelts hicpargrding thy twedoad cells 32a,

050087 612345 by LAY AR AR b AR TNin tROSELripunit 30

and thus deflected. Rotation of the gear wheel 34a will vary the distance between
the moveable attachment points 36a, b at the load cells 32a, b and the gear
wheel 34 or the upper fixed attachment points 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.

in the same way as previ BUEER20d&008959
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Refer r in gg to figure 4, the nechanical set-up for
transferring the tractive forces fromthe upper fixed

WQeaodobment poi nts 3la, 31b, the support 34b fBRECT/EP06/008959

gear wheel 34a to the |lowalB-fixed attachnment point 35
is showmn. Further, a recess provided by a tube 37 for
pl acing therein a notor and a gear for actuating the 5
gear wheel is provided between the gear wheel 34 and
the lower fixed attach- nent point 35. Between the
recess provided by the tube 37 and the | ower fixed

Raffdraied v@ MiguiRol Nthe3detingical aetup forumaresferaihg tthid emctrve forces
rec es, 38a-c .for., arr

B Ui TRRE PO S QAR 3 Rorabr e ROV tgee

wheenBsa @b thed fsvdrfixed estehmedt pbiat 36 tiachownt Fpdhdal! 8 r@tess

d 1
o 819 8 ot g Bl S R L0PAe: SRS AL e
geai Whéelherpréwemgemhl the ge@r WhevoBh dnartioel Nolvdr et WWiach-

37 .and e_|l oner ed att t i de

Ry PG BPIRRG (o5 A oA Rl e S0 e by e

aﬁadsrrmérinth?mntrwirrege %e@talb m;[mlﬁélr 0fStuMéwpfbv&ngmtefs§r£s B8dbe for
and the support or t

FPRAN OVE" 31 PoteusablFeAPEdh T G EEBR R P Round

15 around the upper left fixed attachnent point 31 a,

Thquir\wbﬁmaaﬂmﬂui\ce%dsth@pt:tatthmé}#kpotnwarkeycddpiesi via one fiber

redir ect wound around th i fi.xe
e A R L M T
fiber rovings sections 63 are provided to directly
Actnspiveairt figeruppiag deefion 80ds moght arouceldthatttube Bifeartd the lower
orn s.,31 he Io I fixX
flg%(i'i 8 tacr‘gzr)ern"i1 iPol &1& aglor\]"éjes ggssqug%%nﬁ%t%ﬁ%ween them. A
fmrﬂtdnanmnm abersret/mg rs,ectaomﬁmtsewomfd Foguhthertybe B7 ed thesupwprt
ns are n C
BRLTR SR s, RIRI e Mg ghalRitBer ApBaBicN oBfY fiyshe
drougurtee 5lpperhleft$" iged apamj'fmerhepomi 8éa,i thgn woutd |aeotmlddm support
st.eerin f|r
S b eisidel o b PR FEond ' efler FLRERlE AR frent
pead 8nbl. support plate 100, 110 are arranged parallel to
each other in a distance |eaving enough space for

F%:ﬁﬁ‘g{] ?gmbgﬁ of S?SQ%SIBEP%UV@? S gbﬁg %ﬁbﬁjev‘@rgﬂde{i WS rleectly

rirc no 'S arrange

doonlgitherdlpnaﬂ [ 9% 1g ) rp'gi\tpﬁeﬁtdjratia¢runerttcp0lrtt$1é1el taitee thef lowvge fixed
tes 100, 110 and extends through both

awe’g’ﬁ%’ﬁt p%l'rgt es. 30 The electric notor 120 is coupl ed

with a reduction gear 130 and a further belt WO
Foo rgressing stiffpesy pPI®oehoe goesthanical 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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waa@s/ogemhect i ng these two gear wheel s 140a,

-19 reduction gear 140a-c conprising a first gear
wheel 140a, a second pear wheel 140b and a gear belt

second gear wheel 140b is-m@unted to a shaft 150 which
is arranged parallel to the Iongitudinal axis of the
electric notor 120 and is rotatably fixed within the

5 two support plates 100, 110 via a first rotational
beari ng 150a and a second rotational bearing 150b,
respectively. Between the two rotational bearings
rédHon Redr g&@d c%ﬁ@hs&@‘h llrsf éaracheed 140 = baddnd déia@wheel

"GABAAY AAReEReL 1003 BIOHINS TBHY e Ve SrDaab o

attachnment points at its respectlve ends as shovvn in
THe delcond gedtr. whidet 140 RmMoghtethicta stedtvtbad whith gsuarear@ed parallel

8 B SR 5 Re SE ERCRPGBI i, e

twetsmrppaa CblatEsl roper 10 \idraefirsg ystatanap ®esmns d56a amdaal gedond

in thr $§Cibcons 0J. thogonal to each other and
rpfatigRal ieﬂ'é%lgr é?sé’leﬁ sensors arranged in three

di recti ons orthogonal to 15 each other are integrated
Betveer the tabeetational beatingsmtbOaoh a@eaed/heei t3dds Eoert todhé ehaft

t rovide the roller with

5Pe TB% B4t Fuar atllhiRaren dopd il AP Ehb PR FEEH baliB6 tre
l&fe Sype Cright Onds\mae&e ettadhogon gloindsias itarmespéntive mdsm}agelnra/lm in
foli reg- tions. The controller is adapted to calcul ate
9 i rection of gravity fromthese sensor 20 signals
and to provide the electric notor 120 with steering
Eh'egstadanmg anif shdvowindigure5 funtheg campesess @ gaetielier 960 connected

GO ) DB BBl e U fh F8EPeRher
tREE/ EPASHPL03B96!S arratge@UAltMSe directiprsepithepanal to pagh gther
3 P 252 PUEh Ao A BLR8 T Ayl bhoGER a1
ddchsttharate grftegratadaiotol the staesibp einit48) coheected tmitheaedtretier to

;\é{'mo{/iﬁgé@ co%??)”érevg’th ﬁfcf?ﬁ'nggcyﬂ %t?ou? £ eapr\é %\tcalc&aﬁ Qcce?e éﬁirﬁl}\‘ the

ive force s ran erre
stééranghumih withreasgedt 30 threebgrit®@analaxig and 3aeef mhogonal direc-

attachi ng a nunber
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.

bPCTER2006/008959



of tractive lines (40a, b, 41a, b), the second end of
whi ch being secured to an aerodynam c w ng el enent
W@ 200843144@a, 21), - a nmechani cal support franmePCI/BR3006/008959
110) connecting the first -@&0t-achnment 10 neans to the
second attachnent neans for transferring a tractive
force, <characterized in that the second attachnent
nmeans conprise - at | east one upper fixed attachnent
point (31 a, b), - a left noveable attachnent point
(36a), - a right noveable attachnent point (36b), and
15 - steering actuator meEpgMS33, 34, 120, 130,
140a-c) for varying the distance between the upper
fixed attachnment point and the left noveable
1att emémrgturmdbm warttprbpulsioarsystag, tHesstegrgtgamiteobgtriseagn

the u d attachnment |nt n e

oveBroned AR R Ban (ST S SR &F il &l g @ wactive

accoabler(gsﬁ tbnetéia&opd et miSNmttfalsmeC\maelrtel adeviee st eevehintg to

actu r anp ctuator (120, 34) for

sel & ic ?CE? veé?rcgl haﬁg ﬁgﬁ%r( in alternative

-ldl ][ ecddcond atthdrendrit nsdansr{d@1afb, BI& th 43t 34) fovatiaahing & hember

ef t veale hrent i nt_an n
t he b ERYEsor 144 T Ad 9Bte tard A s B PE R feflec o
ploi fah.aeBodybaedy Wing al&mentamtmndan@)t o the previous
ai erein the steeri a a rj
ar el eporo g0y TR bRl e AR peipihen
suppegansito dresexndd attbednbertt IBrSQa,nS\Mn tcamsfesrirag a kreatbte force,
artiall u Q aro th first end of

‘{Jrﬁéa%eézfagbr}m@\#@\ens&cf’ﬂ% fﬂae&fﬂ vea ComH]sgechrrent poi nt

and -t he seatosabt end uppertfixed laeththmperdodht (@f1a be ri ght

noveabl e attachnen 031446

PCT/ EP20067 %%é@%\@atbleZ%Pafn%ﬁpte%orll 3%1)1’” t according to

t he -previ oauﬂglmtlmmmabldmta&hmehhmomir(B@te)nameeI is a

t oot hed wh and .t ' 0 0 j )

recéived b e?rmeq 3\% % m%aF\s t3s3, %2 Hlfqﬁ) 1&%-5‘)‘%* %Mg 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.

2.  Steering unit according to the previous claim,

wherein the steering actuator means comprise an actuator (120, 34) for selec-
tively driving a belt (33) in alternative directions, the first end of the belt providing
the left moveable attachment point and the second end of the belt providing the

right moveable attachment point.

3.  Steering unit according to the previous claim,

wherein the steering actuator means comprise a driven wheel (34) rotatably fixed
to the mechanical support frame and a belt (33), which is at least partially wound
around the wheel, the first end of the belt providing the left moveable attachment
point and the second end of the belt providing the right moveable attachment

point.
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5. Steering unit according to claim1, wherein the
steering actuator neans conprise a first actuator
W@eaaobado t o t he support frane and adapted f oPCT/EP0DGGPS89S9
t he di stance between the u@der fixed attachnment point

and the left noveable attachnment point and a second
actuator 10 attached to the support frame and adapted
for varying the distance between the upper fixed
attachnment point and the right noveabl e attachnent
point. 6. Steering unit according to the previous
claim wherein the first and second actuator may be a
pneymatjc or, hydraulic cylinder 15 which first end is
4at t ‘F\"élﬂ‘gt%'ttaﬁéoréiﬂﬁp@ﬁ?e g'?eéﬂ%s&ﬁ&“\/\hi ch second end
viNefdth eesdrivieR evierd Its emgtrtege:vrréegmcj e\ttt &)oﬂ’:jd_daofMBﬁzhtingly
oint, respectjvely. 7. Steering unit according to any
r ?e"quebypﬁ@\‘/‘ﬁ'@ﬁL cl ai ms, wherein the support frane
conprises at |east one, preferably two or nore sup- 20
ort_plates (100,,110). 8., Steering unit according to
5?\ny %gerﬂﬁlé”}btraé:\?f’@mg ©|<AiMs!. wherein the support frane
WHISIA gﬁ@%teﬁrinbeaﬁ@atbw\?neau@ rml‘riﬁri@é at frst @dator ]alf:é):?]@ 1o the
ranged at a distance _from each ot her and sandw ching.
RO {aea 808 CHEDTF VOBANG {3k LR RS (of PP R e
atttaehrfuérﬁtSﬂoirﬂthéertlhaBQﬂ nmaslg e@taot\?ﬁhaﬁmm ahnmi & samr@liftMOr
to any of the previous clains erein t oints o
Tagerd hasHER b Irageand PP PEaNING DR s ooty egR e
dpler fixeacpadhmbhasdiiedid the dgist rac\eabrtecheenbyoint.
tensi onal fiber rovings for transfer- 30 ring the
tractive forces. 10. Steering unit according to any of
8. he Re@goust adcaidig Lrthé peevipueamdhe of claim 1, WO

2008/ 031446 PCT/ EP2006/ 008959 @ -22 wherein the s rt
eisia (o s A0S SoRPd SSLPIa) aPvsb A CETEdE ¢ AT Bfinder
vaiicraﬁrﬁd eAd aNgadhed o er&;:] bu;ﬁﬂdﬁm%rﬁ@?nﬁ hgwiéri seﬁoﬁﬁie:ﬂobrovides
attachnent neans and the secon i xed,. at t achnent

e oGRS rBREM Sy e mERt Boial FFOEF IR of i he
support plates to the other and bei ng connected by
tensjonal fiber r ransferrin 5 the

. vings far t

b r acttPHG YriRReon 9{‘]’5?@ ihPrauiers §8% di ng to t he
WHeRHINQHS stpporfiframe comprises at least one, preferably two or more sup-
port plates (100, 110).

8.  Steering unit according to any of the previous claims,
wherein the support frame comprises at least two support plates (100, 110) ar-
ranged at a distance from each other and sandwiching the at least one upper

fixed attachment point and the first attachment means.

9.  Steering unit according to any of the previous claims,
wherein the points of load incidence of the first fixed attachment means and the
second attachment means are connected by tensional fiber rovings for transfer-

ring the tractive forces.

10. Steering unit according to any of the previous claims or the preamble of

claim 1,
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wherein the tensional rovings conprise a first set of
fiber rovings adjacent to a first one of the support

WQr@B@sl4shd a second set of rovings adj acent tBCT/EB2006/008959

other 10 one of the supper® -plates. 12. Steering unit
according 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 15
extending froma first support plate to a second
mm&m.‘te plgdcet famangetprisas at leakst twp sleport mlatessmmmged at a

| at e ndV\/nr in the.cy ric ods, are can
18 A R P, R e e PR B BRE Soona
fM@dtjﬁdaafmdné:h& Caéﬂﬁrlﬁnlﬁbld\hbdmeﬁemhng $om oae foff tisd support
i be ovi,n tending fromthe rod for the left ,
S fadhe U nd e HEREC BT et B s Ee® Frarapsieging
tied fractiveesrcesteans, 20 - a second fiber roving extending
fromthe rod for the right second fixed attachnent

point to the rod of the first attachnent neans, - a

1thi rsgeérirbermtrawbrmlgwgemtﬂ@mdlielv@uéI‘ct:im,a poi nt of | oad
i nci

noveabl e a chneg oints th
WG g fessianel fineBaeiimis & Hsh el SitneR fothds, efabei g o
fH’IQ)nbrcﬁCtIF]e ¥eppat plates alftﬁi a Séet\s,emmi $u olﬂrcb\lingascaqu ackinhtp the other
any t he i ous cl ai ns erein at least o f

ﬁé’fﬁf?v%%f’g g{?sachment poi nts and/or the fi rstne °
atltach- ment neans is coupled to the suppor t frame via
neasur ement ce t eering unit
B o g T8 o e Biaoy st e RS SR o Mt he
wheegintd ftof31arbad a dAght WO tQ)QQﬁ:/e@Mddl@ttE’@TFhﬁFfaﬁm&/ i® @3B@=d
ans for

RGP ASG TR PO BB 5 " PRA AR G e roos
extenidiigt framn @ fipstauppend plate tha asndaubport plage edarigedaiarallel to
I N R e
rbVifigd which iangatidgst.palitiallp woShe erdung thenrddsamdortdcingorbprise
the pr evi oauﬁrs? #igérn;]oving extending from the rod for the left second fixed
attachment point to the rod of the first attachment means,
- a second fiber roving extending from the rod for the right second
fixed attachment point to the rod of the first attachment means,
- a third fiber roving extending from a point of load incidence for the
moveable attachment points to the rod of the first attachment
means

for transferring the tractive forces.

13. Steering unit according to any of the previous claims,
wherein at least one of the moveable attachment points and/or the first attach-

ment means is coupled to the support frame via a load measurement cell.

14. Steering unit according to any of the previous claims or the preamble of

claim 1,
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wherei n the additional noveable attachnment neans for
controlling lifting force of the aerodynam c w ng

WeP@awOd44conpri se a | eft noveabl e attachnent nREHEP2AE008959

a right noveabl e attachnment23reans which are to be
coupled to at |east one 10 tractive |line attached to a
|l eft region and a right region of the aerodynam c w ng
el enent, respectively, in a region between its | eading
edge and its trailing edge. 16. Steering unit
according to any of the previous clainms or the
viceaialigitiofal méaiablelattabhmehtimaabe fdr zedtrolfing hitihg fdree of the
steering unit conprises an ener st or age, .a,sensor
HET B RTTRE 5 PRRCORS BCaReD bt o sow'S T Resyone
triahtdW/eSﬁr&Eéitfrgweurtbtthe tdeleodyﬁsdntd wingadlenbat insd eayiom Yetweeh its
and/ or at | east .one i ght paraneter of the steerin
ISAANG edge Py SHFRIMG &9Ce r foEJ controlling the flight )
direction of an aerodynam c w ng el enent attached to
he steering unit, the controller being connected to
1%he Si%?{g‘@ru(r@)ac&ﬂ'(ﬁﬁr{%@%é%p%'%? (‘j@"g't or age and bei ng
mpaf x ﬁhtﬁe gﬁdiﬂ@’fﬁ]_ hﬂivb?ﬂlghairacmtamahéains‘ for cohteslgrigiftindieorce of
i ght irectiop of the aero amc wn | enent
i, 6T e ABsions ianEe 89T A& Eatlle AfeGHT o Means and
aaﬁ@mrrﬁbf/@b}leio attbawrﬁélﬂVﬂnglaln?s G,Ifh&ihrraareChlaIFei@beplied ad atniehdtadne
the contr er .is capahle of control.ling the actuator.
tegive B 2faagH 4D 2R TRIPG AN @ TELTRS BF tererooynamic hing
ehani@fyreapedivilyng Licgorrdetwmédrniaibading etigé aodnits oatisg dege.
the steering unit. 18. Steering unit according to the
previous claim wherein the controller conprises a
160 giStedttigt ufit agccromydo famy afahé pedliousgclbings oBtheaprtcaatbte of
in such a way, that the aerodynamc wing elenent is
lAiReys kept above a mininumaltitude. 19. Steering
chardcterize o lirdthag trensteerfing tntit goreptises anddrergysstbtage8a sésor for

08/ 031446 PCI/ EP2006/ 008959 .-24 wherein the ener
dEteging e sl FCBEnSIPT P B TR of e Eeriey ity KA neRIRER e
Stedring tusvityandeorca et oae flight paranateraofrthactaenng aindr and28.con-

Steering .unit accordi.ng.to the previous clai

iEror ASetiira R SR o enR of 85 BT RSR GinB e etpghes
taeied Sereng anky thg ceheoisttbeaty eorfnexted talthé senisor(s) and the en-
evrmg)$ Qtlopagae ef!rlmg(ggmglctalpgﬂg%f rcgrr&go?llng an actuator for changing the flight

direction of the aerodynamic wing element based on the sensor signals.

17. Steering unit according to the previous claim,
characterized in that the controller is capable of controlling the actuator for
changing the flight direction of the aerodynamic wing element without input from

outside the steering unit.

18. Steering unit according to the previous claim,
wherein the controller comprises a logic unit programmed for controlling the
actuator in such a way, that the aerodynamic wing element is always kept above

a minimum altitude.

19. Steering unit according any of the previous claims 16-18,
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- for directing the aerodynam c wi ng el enent along a
predeterm ned closed |loop flight path, and/or 10 -

WO 2r08k2i3é ng t he aer odynam ¢ wi ng el ement al onRCHEP2006/008959

straight flight path exterdi-ng horizontally. 21.
Steering unit according to the previous claim -
wherein the controller is connected to at | east one
sensor detect- 15 ing an angul ar position of the
steering unit in relation to the direc- tion of

gravity and is programred to maintain - a fixed

vm&gavr e ehé@ytmﬁege comprisés aa g, poeferblyatecbargeablgebat-

ence of angul ar orientations 20
t‘?rﬁ %Faq%gg'? 'bcﬂ‘gr‘s‘?ﬂ %hgccuﬂuz?tgrabl y nore planes and in
partl cular three planes ori- ented orthogonal to each
nrelation to the direction of gravity. 22.
zét eg’?qwgdﬁ'i't 808855’5]90‘10 A3 PIEVIoHR C‘&‘r@\/l ous claim wherein
WHéeelﬁcmatlbglchLﬁrt i$ ﬁrogfamaeﬂed to three gyr oscope sensors
arranged | rections or

ot hor “and "DhEEET HEmpeREYERE e i e ifed Al or
in three d/vmﬁcélﬁmmﬁrmbogmgeal to each other and is
programed t an .estimation qf the :

G+ oct 1 on Ter AegEing e St iS Big ety pa 8 redetermind
sensors. Zbosedtiess fligist path,tandeor ding to the previous
claim 3 erein the second attac

compr | st OBRARE e FRSH AT AR AHen Siraloht fion
- a |l eft meweakteadiag hagronslly. poi nt, - a right moveabl e
attachnment point, and WO 2008/ 031446 PCT/ EP2006/ 008959
-25 - steering actuator means for varying the distance
Ret \&@éhrtghﬁuttampelrdirfg toete paatvtoaskctmnt point and the left

noveabl e att ach t .and ha
et ance. DUtSERITE saRfolb i€ Binnsiles B3 b onb A8nsor etect
the right m@me-angblae pasitiarc binbietst@ingturit ichalatmt er iheetrec-

in that the c ) sconeﬁi{edto a | oad cell
coupl o bORRELS Y 2D 5, BPETERL AR | ¢ ot

at t achnenta fixed angular orientation or
- an angular orientation range or
- aprogrammed sequence of angular orientations
in at least one plane, preferably more planes and in particular three planes ori-

ented orthogonal to each other in relation to the direction of gravity.

22. Steering unit according to the previous claim,

wherein the controller is connected to three gyroscope sensors arranged in three
directions orthogonal to each other and three linear acceleration sensors ar-
ranged in three directions orthogonal to each other and is programmed to calcu-

late an estimation of the direction of gravity from the signals of these sensors.

23. Steering unit according to the previous claim,
wherein the second attachment means comprise

- at least one upper fixed attachment point,

- a left moveable attachment point,

- a right moveable attachment point, and
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means for nmeasuring the tractive force of the
aerodynam c wng elenent, - a load cell coupled
Wheaamesr4¢ he support frame and the | eft noveabP&Il/EP2006/008959
tachnment points for neasuri2f-the |eft steering force,
10 - a load cell coupled between the support frame and
the right noveable attachnent points for neasuring
the right steering force, - a GPS position finder,
and/or - an anenoneter. 15 24. An aerodynam c w nd
propul si on system conprising an aerodynam c W ng
-C(ﬁnrw&m&ﬁg auttaata'l meabe IforOfargtlh@@td dl@tdnbé eshaddrataashpeP fixed
t he at. a.plu t hment s points
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um ttheadrstarmeche&geérotrmrlwgmffxé@%ttﬁérﬁﬂerﬁttﬁ)lrﬁ|eﬁidnﬂhe right move-
ergi, taﬁ 1 E‘oer of nost left tractive lines are
corrblneofgﬁlne ¥cted to the left 20 noveable
czh\ata:&mzedilnmatmb,contrallmwttﬁfneefedqentra| | eft tractive
Ilnes ar.e onbi nected to the left fi
attacwﬁgn? p%the bg%@’eﬁﬂ Srs“BPo'EéFﬁ”?eaIa”?|t5ﬁtfr§tr%@°f‘0’§m
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nmost rig
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r| gltachrmaneahihts fat theasuringtthe Giftteeritly. fod@, aer odynami c
tem ac ording .to the previous
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for%e%lgé ﬁ aF (gdynrb(ﬂﬁ c wing elenent which are

coupl £8P ["eHd ¢ AHE, preferably a nunber of

-t r aahianemonfetérng force control lines attached to the

aerodynam c wing elenment in a region between its
| eading edge and its trailing edge WO 2008/ 031446

2RCT/ABPRO 66/ 080 9end pHuRidn s@t@teaﬁro@dmﬁ@ﬁg(énvédiédynamlc wmg
revi oys cl
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-edge. number of most left 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 connected to the
right fixed attachment point, and
- a number of most right tractive lines are combined and connected to the

right moveable attachment point.

25.  An aerodynamic wind propulsion system according to the previous claim,

wherein the steering unit comprises additional moveable attachment means for
controlling lifting force of the aerodynamic wing element which are coupled to at
least one, preferably a number of tractive lifting force control lines attached to the
aerodynamic wing element in a region between its leading edge and its trailing

edge



10

15

20

25

30

27. An aerodynam ¢ wi nd propul sion system according to
one of the two previ- ous clains, wherein a nunber of

W@ e Md6 | i fting force control |ines are att aRC¢iEEP2006/008959

the aerody- 10 namic wi ng-26enent along its w dthw se
central region. 28. An aerodynam c w nd propul sion
system according to one of the three previous clains,
wherein the additional noveable attachnent neans for
controlling lifting force of 15 the aerodynam c w ng
el ement conprise a |left noveabl e attachnent neans and
a right noveabl e attachnent neans which are to be

oupl ed to at. | east onf_ trafﬁtﬁri]ve | i.ne a{htached tq a
28.of AN PEPENRAAITAV AT PIPHISIIEYSET BFCYHRY RINERIRYPH B hg
wﬁ%@ﬂﬁhbaat IRR/POAé itr‘laetli\))e, Iifti(ijr@ fardeegntrdl Inaisvie attaches! toahe na®-
edge and its trailipng edge. 20 29 A _watercraf
SRt S ek T p AP Catieca aiter S W [RRBEet tnermncey-
nareignEn@Elenens bélsind B@ luadibg efig Wi nd propul si on system
according to the previous claim 30. A nethod for
controlling an aerodynam ¢ w nd propul sion system

2mheagiaBrodyh&@ld Wigd PrepsLadion 8ysterh ragbsmingt te tnier afnhe tviapp@vi-
control unit arranged at a first lower 25 end of a
4% %8fMSve cable to a renpte control unit mounted in a

wRérRRT &4 RgmMYBI &f thactied litiag adrcel RPstfol Sireoak attadhod td the aerody-
tractive cable andt at,é ﬁched to an aerodynam c W ng
NANISYERG Slemsnt AIgRS M8 WITtRYISEREN¥RIiT§HP di recti on of the
aerodynam c wing elenent and the steering unit,
2éharacteri zed.in that the flight

di ti .
onhP ATTRY MBS N BRRUSRD YSIGM BRFIFING 10387 8L 4Ng fiyee
pﬂeb@ué.@[m?g controIOI unitt d_oesdnot _recei ]\C/e st eer i Qg
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ol ds e steerin nit at a certain an a rien-
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tréttive dinke Qittadhed) toa iléfy régionadind eaight regive ¢fl the eerodynamic wing
eBineah rapebive. i BRasT pevesn s it s ot YRR
according to the previous claim
29. A watercraft connected via a tractive cable to the first attachment means of

a steering unit of a wind propulsion system according to the previous claim.

30. A method for controlling an aerodynamic wind propulsion system, wherein
steering signals are transmitted from a base control unit arranged at a first lower
end of a tractive cable to a remote control unit mounted in a steering unit fixed to
an upper second end of the tractive cable and attached to an aerodynamic wing
element, for controlling the flight direction of the aerodynamic wing element and
the steering unit,

characterized in that the flight direction is controlled by the remote control unit in
case that the remote control unit does not receive steering signals for a prede-

termined period of time.

31. A method according to the previous claim,
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wherein the remote control unit sequentially directs
the steering unit according to a closed | oop sequence

W@R00808 ¢ n angul ar orientations in rel ation tBCT/AR2006/008959

direction of gravitation-2n-at |east one plane,
preferably nore planes and in particular three 10
planes oriented orthogonal to each other. 33. A nethod
according to any of the previous clains, wherein in
case of an interruption of transm ssion of steering
signals the renote control unit extrapol ates a

whB@HEMeeeRbtd entlodshit ablelemhmgtneniirgpamiSairﬁceritam@nglulemnrien-
the 15 base.control unit

l.at
tatigh gF 8ngtlalPiETiRIANgRRPS I 8 Prip 1y a8 Gy = 8st
one plane, preferably more planes and in particular three planes oriented or-

thogonal to each other.

32. A method according to the previous claim,

wherein the remote control unit sequentially directs the steering unit according to
a closed loop sequence of certain angular orientations in relation to the direction
of gravitation in at least one plane, preferably more planes and in particular three

planes oriented orthogonal to each other.

33. A method according to any of the previous claims,

wherein in case of an interruption of transmission of steering signals the remote
control unit extrapolates a sequence of the last steering signals received from the
base control unit and calculates a sequence of future steering signals from this

extrapolation.



