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Aer odynam ¢ wi nd propul sion device having bielastic |ine coupling The _
invention relates to an aerodynam ¢ wi nd propul sion device, particularly
for watercrafts, conprising an aerodynam ¢ w ng being n t Q a
steering uﬂﬁfﬂm%%%?%d bel ow t he aerodynam c wi ng via a%gFﬁféwgﬁy&%f
tractive lines, a tractive cable, a first end of the tractive cabl e being
connected to the steering unit and a 5 second end of the tracti-ve cabte
bei ng connected to a base platform the aerodynam c w ng having an ' _
aerodynanic profile which generates an uplift force in th \“\[\mm\m\m\ f the
tractive cable when the airflow direction is about perpengu e
tractive cable. According to this description, an aerodynan C komg: -
propul sion device is to be io understood as a device Wwhich nmight be used to
drive a novable platformor vessel like a ship or the like. Further, an
aerodynam ¢ wi nd propul sion device is to be understood as a device which is
driven by the wind and is novable with reference to a fixed base platform
like a platformattached to the ground or fixed in the sea like e.g. for
onshore or offshore wind energy plants. 15 A nmajor problem associated with
such aerodynam ¢ wi nd propul sion devices as described beforehand is the
control of the aerodynamic wing in use. In order to produce significant
uplift forces by the aerodynam c wi ng which can be trans- CONFI RVATI ON
COPY11111112112122112121211212121121121211111 *@G0000 * WO

2010/ 020263PCT/ EP2008/ 006831 - 2 - ferred via the tractive lines and the
tractive cable to the novable or fixed base platformit is desirable to

i ncrease the size of the aerodynam c wi ng. However, the control of such

| arge scal e aerodynam ¢ wi ngs having sizes of 160n2 and nore is difficult
and the |l oss of control of such |large scale aerodynamc wings 5 nay result
in a situation where the aerodynam c wi ng crashes and cannot be rescued. WO
2005/ 1 001 47 Al discloses a positioning device for controlling a wing el e-

Aerodynamic wind propulsion device having bielastic line coupling

The invention relates to an aerodynamic wind propulsion device, particularly for
watercrafts, comprising an aerodynamic wing being connected to a steering unit
located below the aerodynamic wing via a plurality of tfactive lines, a tractive
cable, a first end of the tractive cable being connected to the steering unit and a

5 second end of the tractive cable being connected to a base platform, the aerody-
namic wing having an aerodynamic profile which generates an uplift force in the
direction of the tractive cable when the airflow direction is about perpendicular to
the tractive cable. ' '

According to this description, an aerodynamic wind propulsion device is to be

10 understood- as a device which might be used to drive a movable platform or
vessel like a ship or the like. Further, an aerodynamic wind propulsion device is
to be understood as a device which is driven by the wind and is movable with
reference to a fixed base platform like a platform attached to the ground or fixed
in the sea like e.g. for onshore or offshore wind energy plants.

15 A major problem associated with such aerodynamic wind propulsion devices as
described beforehand is the control of the aerodynamic wing in use. In order to
produce significant uplift forces by the aerodynamic wing which can be trans-
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ment which is connected via a tractive cable to a ship to serve as main or
~auxil- iary drive. Such propul sion systens based on wing elenents flying at
"high alti- 10 tude and pulling the ship via a tractive force require

| arge-scale wing elenents and the control of such wing elenents is a

chal | engi ngW0a2810/020263 WO 2005/ 100147 Al it is proposed tRCVERNSH0G3Dr haul
in the tractive cable in response to t flight condition of the w ng

el enent. WWereas by such a control mechanisma certain degree of flight
control can be achieved, it is not sufficient to control the w ng 15el enent
ot It iefianOhah b TaBORRS T AlorElbid S -GN 955 b ! renoth
or direction signi P f 'To J AW enents in

di fficult w nplatfomdi Bld@ﬁ@hl& ta SlCﬂeaSﬂMheWmf\Me EQ)OQYr@Oﬁ)ClWBIQAHOW@lec,oupI e a
steering uni tth@'c@ﬁtﬁ‘ol %‘F's@éﬁ Fart;ggen%a'ib%é‘rb&%%ﬂﬁc Wings ﬁaﬂhq”s?%s Bf 164l | i nes

and to connect the wi nﬂ t to the nautic vesse via such a steering
unit by a tra®pievie diffigyitand the Inge ) cpRifahet FrchHeron £G2IF @e(RSYaRTIC AHRESt he

steering ugi tmaPyestfiis a HOMInOWheE the)BerdyHam®) RiNNdragh@d a8 daRmitdéed but it
is still a chal ging task to control the wing elenent and specifically to
steer the fl |'§ﬁ?“eaath of the wing el enent. WD 2005/100149 Al proposes
various sensors to inprove control of a wng 25 elenent tow ng a nautic
vessel . Wer eW® 25680247 AL eisciosesrarpasiiening dendes fengontraiing\a wingeele-

steerability HEnt@ﬁﬁ&qL’ %@ﬁﬂe%te\ﬁ"v@a %&FE RbSle td a rsl%H% Eéwé &b Iairfortdtixii-

chal l enging task to efficiently steer and control e scal e aerodynam c
wi ng el ement siPFHiveoRGharropyision pysiames pased %M"%Sﬁmeﬂp ing; g high &Y ci ent
way. The Swile RS paiity thecsni v estrafive pradieqans argsidtgie vangl efei@nts cont r ol

L an ) S0%ARL Lo 246 st 8% oo BB hB B O (e
provi de addi t Abiél propased ¢ vere antor Haulihitlehtrécties ¢ableain eespeaseciortbe fightof
aer odynani ¢ V‘%Jég@on b thB & duSIH}n@F\t Whe?&@'ﬂg\e;ﬁg% Qg:oﬁgcgtrﬁééharﬁéﬁw Yaddnams |ike

starting and Nng nmanoeuvr es st eer duri ng start i ng
and l-andi ng nqiqmgfgfgght oppdrol can be ach|eved it is not sufficient to control the wing

15 element in all flight conditions, in particular when the wind changes its strength or

direction significantly.

To improve control of such wing elements in difficult wind conditions it is known
from WO 2005/100148 A1 to couple a steering unit close below the wing element
via a number of control lines and to connect the wing element to the nautic vessel
20 via such a steering unit by a tractive cable extending between the nautic vessel
and the steering unit. By this, control of the wing element can be improved but it
is still a challenging task to control the wing element and specifically to steer the

flight path of the wing element.

WQO 2005/100149 A1 proposes various sensors to improve control of a wing
25  element towing a nautic vessel. Whereas these and the former techniques may
improve the steerability of aerodynamic wing elements it remains still a quite
challenging task to efficiently steer and control large scale aerodynamic wing

elements and control its flight path and conditions in an efficient way.

The set ups and techniques of aerodynamic wings and their control will signifi-
30 cantly improve the steerability and options to control the flight path of such aero-
dynamic wings. However, it is desirable to provide additional control means



- construction.

2005/ 100150 Proposes a tel'escopic mast erected on the foredeck of a nautic
5 vessel close to the fixing point of the tractive cable coupling the w ng
el enent to the nautic vessel. Using such mast, the wing elenment can be
directly coupled to the top of the mast. \Wereas such a techni que may
5|gn|f|canFW§ﬂFW%$B¥e manoeuvrability of the wing el em®AI/EEYOPMYSYt arti ng
and | andi ng procedure, the challenginggtask to inprove the steerability of
the wing elenent in various flight 10conditions and to inprove the
efficiency of such a steering technique remains. Wiile such a nast as

proposed in Wcﬂ%éﬁt}@%éoco%{;ﬂ off 8GbdynbAlCwings ﬁtﬁd’rﬁduﬂ\g ﬁ'?;ﬂaﬂeﬁﬁi% ng

manoeuvr es, task to safely control

~aer odynami ¢ WPWQ"WHaF'@Sll'KeF*@”@@@ﬂg@ﬂ' g MaReewEd®: and in the short time
period after it has been decoupled fromthe mast in the starting manoeuvre
and is flyingoatimprove abtekiabillys.duridgp Saiting fand t k@bingi tmdndedireéd, | WO

chal | engi ng ant r ol e flight ng in-the
eri 0 of " apBrSLLdtad Frdrobhs. biglercobf hatl e ahdfe RS Bl "oy

coupl i ng tshe vessebclgseatnitioe fimgpdint df fthe tnactike edtﬂeacowmthap\mgadememtrlol andi ng
MANOEUVr es. %néuﬁé‘%@é%ef QJ%mb@GchFnQQt' %ﬁn’ﬁ&%@ﬁ{eﬁ@@a@k B & Féctf‘w&‘d%lpléh%t ing and

| andi ng nmanoeu- vres IS fact that the wnd speed ow al titudes
is different W& ES’H]thH'%B Waﬁtd"%'b’é‘ﬁf ${eh 1| igRhHigUs MY signifiqantly impm¥e E¥nt rol  at

hi gh al titudegedvabiitdiof tiRy RiMg &lamkntt dﬂ.ﬁtmgtsﬂﬁ’tuﬁ‘g)@hd oéndartg bl@h&‘édﬁﬂré ithgides. A
still further obl e Ezsom at eﬁl_I W|th sllb'gyc ‘i‘t arti g q ranoeuvr es
is the fact ©h "?598’)5' Q PRIV NS RFFPLHRIEY &6 5&"%9 ?"?%Hgfvg?mﬁ Yforces to
t he mast @5weemditons pheth ithprove the effidiency of suck b stierieg teclriiqueremaineent i on t o
provide an aerodynam ¢ wi nd propul sion device having an inproved control,

in particul aiygiisLéa Mastds' gishdebdin WO@O@QMW%IWa@ﬁtate thé tétal’tﬁg and urt her
object of the invention to _provide an aerodynam c w nd propul sign 30device

whi ch nore s¥ing MARGPEEeS: Hé‘s il aichglfengiagdrpk do gafely ﬁ%ﬂt@il@fﬁ@ﬁ{%m?i"ﬂa start -
ing and | andiwigy \macnawmﬁed to-thé’rmastléndllﬁtr% shon tierpeaibd eftdr ittfastblden i nvent i on

to provide a aer o g | sion %ew | i ght wei ght
QeBRRRIHIRTNE nfdsf  (BF SBHES sheR T BELHVEN LlosPdfuies od "y
provi di ngisan Saémytijyn:. it is still a challenglng task to control the flight path of the aerody-
namic wing in the period of approaching to the mask at low altitudes and the
period of coupling the aerodynamic wing to the mask after such approach in

‘landing manoeuvres.

One reason for the problems associated with such starting and landing manoeu-

20 vres is the fact that the wind speed at low altitudes is different from the wind
speed at high altitudes. Thus, the control at high altitudes is a different task than
the control at low altitudes.

A still further problem associated with such starting and landing manoeuvres is
the fact that large scale aerodynamic wings may transfer high forces to the mast

25  when coupled to it.

It is a first object of the invention to provide an aerodynamic wind propulsion
device having an improved control, in particular during starting and landing ma-

noeuvres.

It is a further object of the invention to provide an aérodynamic wind p}opulsion
30 device which more safely avoids the risk of damages to the system during start-

ing and landing manoeuvres.



nam ¢ Wi nd propul sion device as descri bed beforehand wherein at |east two
of 5 said plurality of tractive |lines have elastic behaviour in the |oad
range occurring in use of the aerodynam c wi nd propul sion device and the

el astic behaviour of said at |least two tractive lines is different.

Accor di ng tWOeH8/02We¢ent i on, an aerodynanic wing i s proR@E&P208i086§31coupl ed
to a steering unit located close belowghe wing via a plurality of tractive
lines of differ- 10 ent elasticity. By this, the elongation of the
tractive lines, i.e. the strain, can be deS|gned to be different at
different | Oﬁ@ﬁcé)ﬂ%ér' &g:b%t ot Shbdn 31k |t reayngﬁ.c%.hg fépdisiodeonet ri cal
posi ti ons of e aerodyham c Wi ng or s tlonso t'he aero mcvmngln
rel ation to t¢Rvicgmsishia %|‘Qh%'9’d|09ﬂ'séﬁ“ﬁf?@ | oad conditions. Generally, all
tractive lines may show proportional elastic behaviour whereby only one 15

single tractiTstiane oy objame ol tHdl M@mennbrepwméa lbprwdv.cm{ge\éﬁ Béro@yehavi our,
i.e. adlfferent Yo r tractlv esthus

resulting in el d%%%%%%%aevécgf B stcf'%eﬁj t?ﬁ(?orf ede'[‘r? f 'iwé’g‘?fon of
attachnments ofsasi'apl@rahty nifrastive et ihaee élastis beldvicar ircthe loal yangelvosiering ines
coupling the Js@%&heséae?é]dgﬂﬁngfwuﬁd"?r IQQn E&n([tet%dstﬁ glragﬁ}.goelﬁgblgur ﬁgaﬂ‘ay have a
different elasticit I'hes cou e rear section of the w ng
to the steer|%¢?aﬁﬁl"’9tra§th’ﬁé'“?-°e'§@|ﬁ@r9fﬁ‘g in a Ioad dependent change of the
arrangenment of the wing to the steering unit whereby the geonetry of the
wing itself radeaidmg toteniangsidn, a'ﬁf&r@iyaSMicGMbgllst’ro@déﬁSﬁélr(g upRendy i s to be
under st ood as stress- st ral 0 whol e | oad
range of the st(%eglg r\%ga %tﬁgglfgl P]ell éheuvéng V'§uc‘|1|u ﬂésﬁr%&\é }(;"eesr({fg%gf' at | east
two tractiove ént plastidity. Biethisndwe elondationipf therteantive linegyti.€. etwsstralrn cerméepart of
the | oad R b8 QfePort! 36 affte %a%ﬁﬂﬁéﬁsa*rn.srm aflod %o floiger ent . This

may be achi eved tractive |lines beln over the whol e | oad, range
and thus bei riliff eé%@@%raetﬂea'm@w s a?’ﬁ@"\ﬁﬁﬂﬂ winp 95 gestions &f E‘Gtaeﬁ’aw ng a 30

different strdnasmigtwindg MrdeRitib®td !he%ledrnﬁ@&hlt emwmgtloam‘ cditignd. Gader- ange.
Further, this may be_ achi eved racti | nes havi ng the

same Young s 3% 't[?é’t"f?ulf"eﬁgﬂgs%&fﬁ? (5“}”8 "?I 'CQSf’%Vb‘g}‘ﬁ&’ 'Ef’lb\V\AO AY °8Rd t he

st eeri ng umi tsingte factive lineSmay hawsay diffeaént grogostiatl elasticolbehiakieur, || aes i s | oose
in afirst I%r&@%uﬁg%o%msuﬁa.g%tm& tHcmtlln\Q@%s rQ&ﬁtﬁ‘@sih aqoéohe | oad. By

this, said loose |ine Wil experience no strain in afirst part of the |oad
range acting @ﬁ?’&f’eﬂhge@@?%’&?&ém%mgrf@ theiregign of #@?CE’FF% e Fipge havi ng
reached a certagiive inead | evel , whereas other tractive lines are strained 5in
the first part of the load range as well, thus providing a different

| . . .
ine of Sara ety 56 kel B8 i 3 sPEBh BF HEQEIBIE HELG R, o711
tractive Pk nem@}ebétvﬁcmélffemnfcﬂa%tlp@ then didsedinescoupling theakarasectiorhofethe poi nts at

the aerodynanjifg W e slfing %lt%@@?ésﬂﬁin&m b loddCRBBRdenY Bhahgehp Pyt he | ength
and the elastic properties of said two tractive |line sections is selected

such that i n "anggmest ofitegwing dpithe Sieerieg wiit wherehyihe sromeby @f the o is€Eurring in
use of the aeemdysandhanyéd)dhperBliditsiodBlag@Vviregertyhetd Bngidersidodsdi the t WO

tractive li n%’n%ﬁﬁ&de orﬁhet %tre%'sfs rgr %10 t%/ter f?’re %%r\ga ragiq%”q thg?r%ctﬁqul tion

within said ROFTer one 1's e onga 0 suc 8%t ent that
its 25 inits use.

Such elastic property of af least two tractive lines is defined to be different if at

~ least in one part of the load range occurring in use said stress strain ratio is
different. This may be achieved by tractive lines being tight over the whole load,
fange and thus being ekposed to strain over the whole load range but having a

30 different stress-strain-ratio in at least one part of said load range. Further, this
may be achieved by a plurality of tractive lines- having the same Young's

modulus but being coupled to the aerodynamic wing and the steering unit in such



15 I ength corresponds to the I ength of the | onger one of said two tractive
-lines and at a third high load condition within said | oad range both of
said two tractive lines are elongated. By this, a tractive |ine having
unproportional elastic properties is fornmed by two or nopre tractive line -
sections hd\R #3¥eA"%Perent length and being coupled to tREESHROYB achment
poi nts, wherein one or nore of the |inds is loose 20 in a first 1oad
condition but is tight in a second |load condition. In such arrangenent
having two tractive line sections of different |length coupled in parallel
to the sane atwsgahatenteapioonetof theallrteB&H:IbbseanlaiﬂMId‘ad\doantldni ahdistgettingr operti es
i's provided. . I S be

under st ood aé@’iﬁ%e% r?cvé#s\{ﬁ thd ng\t% th él?dn@%?e 'tnF gglgé ﬁé‘?dﬁq@egn%'\?l'gurs at two
di fferent |oaﬁrst@ﬁfg@féheahoamas'gemﬂrmt%m@etodsrtané@ymgthuawhl beestraipedur ranges

in said two %hérj I’%K/ﬁﬂ‘i'ealcﬂéﬁa 'E:@r’ﬂﬁl’?rbad ﬁ@ﬁlomérg& $t9er5frat:Wetlfﬂ€§ aft bRk ed
enbodi nent of I hventi on, | east one of said plurality of tractive

| i nes conffectn W@ ﬁfgﬁ@aﬁé’f Blfy'ﬁ%qﬁ%‘gwaﬁg”ef'othf'%@%%’@@ﬁ ‘i’iﬁerﬁ?ﬁ qlgswggrop-
unproportionakyel astic properties in the |oad range occurri-ng in use of the
aerodynam ¢ wi nd propul sion device. Said at |east one tractive |ine having
unpr opor - 30 Atc&é?'glﬁ%; t& laaﬁ;rg Sregﬁjaavén%%ﬁm{gﬂYo% %B&rvéh.hx cj?%\éﬁ ﬁtht? gfrent

el asti c behaviour range occurring the aerodynam c

wi nd propul sﬂ@ﬁ'vdéwl?%@ torfa?d by af Lﬂé§'t W‘(@ri@'@ilehbﬁﬂ"t'w éi&Q iSQ‘é'Or‘i; MBICBAIBI i ng t he

aer odynam ¢ Wihdhel % fdl@@tlo%t SRchMBntPaints at the &rodﬂnbmio’imh@ aR@thenstiering ood that a
| i ne havi ng unpro ortl

| t t t der st.ood |
whi ch has™at Untde3Pectis yd‘fia’??rgt?yg ?'|%,(gﬁ.b§,§jer I %Ss}’f!' E@ng}?%ﬁygaécﬁ&f”atgﬁoer ?zt :acsI e
when bei ng exipohmtsdction i$ beledtedinubhahatae afitkt bivleadscariitidn btbineimd loadigni t ude.
This may be aCh' L SLEGR |npﬁs%vdfqﬁ@gergd);r{am?c \YX?E ﬁrb[plaﬁ ?e%f%@td»&\f%ﬁ%&{ﬁ gnd 5
range C

proporti onal Fress et havi our _ h' can be
descri bed by SaldthpsitaCB\reotU@ &Ctmllfﬁelss@lﬁ%fsfﬁ alta agqend unedium foadn¢anditiomd range

and having a ,gRj{aRek E;QE‘trérPdéOMz% sﬁaderpar@perehdng%h t§ts[:@r§§n53txfeﬁl thabfibavi our
a second |l oad range which s different fromthat behaviour in the first

| oad rang¥ arRMSIHCERSRARYS B’e‘hﬁ@é‘@\hl%gﬁ 'efygeR0oneR! SAY, WRIITPFIP dpis ad@he of the
3t ress strai @ thied High iidhdt dbingitibr aihik &a.eoa;]d @Pge Bbtﬁfbf(salﬂ&woarabmleﬂheﬁf .
i sconti nuit ent ir ad range
in the stres ?P':'aqaged %r\E/i Sof 1E %e""ﬁ*ﬁe hgv'ﬁ%\lf\%pvréﬁro,ﬂ%lqg' &qu'cl é?é&%a ¥ 'ge to the
f or egoi ng exdarmied byttive tmare dragtivedling segtions haming Isiiffeenttiénstioand b&ing . t he whol e

| oad range ang, tot?ﬁe SHWRL Qt%ﬁ“eﬂl‘%lmté WhbRA orlet? nidr@BEhSlindhE 1036& €SS strain

curve conti nuous changes wth increasing | oads or at 15 | east shows such -
cont i nuou® cﬁhﬁéé‘“ F"r‘?dffobgﬂ“irl butlisfigntdmg s,egqygiéoangﬁqdwg? Injsuch arrgngepe
under st ood t fxdnt hdveng! t¥b Rabtiveriap @edtions of difidrért ldngthdoapled inypatsiptotthéid to this
description and_t avi ng a,conbi nation

of “bot h af or SAER BTN PP AP s hadie it raSerlEy ok, 8
di scont i nuousSuchutradive éice haningabilabtivvirogeriEsap br the armrstmddaampme)wmcml onal

cur ve sect 0Rgs Gl hfPLIRSIARYEHAALEU 1B JibrdfoddapdsAdB B LI T 10 i1

use. It is genera nown a nu I nes rticular those

| i nes whi%h dﬁé“%ﬁtﬁ%é@é'"@@%%ﬁ%@stS‘rsalS’r‘ElPGIffﬁ@“h'OB‘l’ [ﬁ“@P?ty of wires or
fibres to one single Iine or cable or the |ike show unproportional elastic
properties wnaetortingio afurthexmroRaed embydimgntuf ¢l ihveatikn, atidastons ofisaker go hi gh

str ains. In SHJranlty ofgractlveeﬁgesc go%qleétfngnhet aheel':odynamic wing to the steering unit has
* unproportional elastic properties in the load range occurring in use of the aerody-
namic wind propulsion device: Said at least one tractive line having unpropor-

30 tional elastic behaviour may preferably have a different elastic behaviour in the
load range occurring in use of the aerodynamic wind propulsion device than at

least one other tractive line coupling the aerodynamic wing to the steerihg unit.



25 line or cable undergoes a reckoning wherein the angle of attack of said
fibres or wwres with respect to the |oad change to be quite parallel to the
fibres whereas the fibres are usually arranged in a slightly oblique
direction to the |on gltudinal axis of the line or cable in the regul ar |oad
range. In tWQ2WHPYE of such reckoning, a line and a catfteERPI3® Oggﬁffen
However, this is not to be understood as un- 30 proportional behaviour in
the |l oad range occurring in use since It is to be avoided that a |ine or
cable is exposed to such |oads effecting a reckoning of the line or cable

since this m uIt f r f. _singl ole line or
cabl e. Thus, )c‘téshﬁ etlfngﬁanﬁl (ﬁlt %La{sa '6‘ h é'BPgnSW?rP "r?%‘gsncboeg%?e es%\‘(’ag{c}b and used -
in such WO 204dergoaP 63 RCINeERRION 3126 b 881kt tw/ diffeeentvalyesshsitaint hd;avweach a | oad

range in use Pm ?&eﬁ%éé Blgﬁrgﬁg n%%&%ﬂqg(y* ergaer“Q staaﬂ'ﬁ sq;efsgﬁ frent

unproportiona astic VI 0 reover anges AT ol asti
behavi our may Magsityde. This may ha AgievsH bvW@vmlnge%&memh'c@fh@arf@n@up%?% wi th

respect tost hgrolpsmshéu uﬂegsadtramema%uran lal A& 16Hd [@AGY Whigh BhH B& d6§2:ﬂ5éc§t s of
twi sted or br This is.not to Reudersto

oporti onal
Ll not Te DehayBb ATt Slopn e e USs A Gy RS IOH raisa HEaPeIE ooy e
significant ef:ér&mt:oumranﬂipeopehmausmrewﬁmf behagio@fin tiBecdnidread réegeowideng to a

pref err od enbRORBO: pIR it AEIAY G 6 s R 18 BLORRIH b Ghast | ©

properties is forne tive I'ine’s bef or e-
10 hand. It i scribed by amerrdstddf@cﬁnt slhee oft the siressestrgiacaurvsris thi¢ logd fangeent | engt h

coupl ed | Wopafn&gdcﬁ Jage eﬁ?&n@&f*@écoﬂmdltyf\ﬂnﬁé lpRI3Eht Bét\ﬁé%rnrtﬁéﬁi%@na @hene single
| i ne havi ng two ferent stress-strain-rati os whereby the first

stress-strai ns?@ﬂp@apéa@@t"é?‘ﬁsﬁéif HRANSFE e B8 t he 11 ne sections, the

other line section being | oose and the second stress-strain-ratio is
det er mi ned by However]inme afembiiverts tixeioregoing ghempladha stréssgtrain cuBganad el . I n

part i oul ar . S8k doftub@dler HSWIIE Rhl Vindel 48 BV hpHIRERAGY b b Ble of astf o

properties has a first stress-stra avi our rst range of the | oad
range occurri figr¢ af the stress stigin Wh%ﬁué'y\ﬁhmeéwbmcéqaéﬁgwﬁ €kahnd a

second st r@SSTe‘éEtr ShbWs BEdhB6hious Bha’rhgé W@Bﬂtléﬂé?%d%ndeh%&mdt is WL -
occurring in |ce Wher eby the

first and thel ‘geéﬂ?ﬁi}Lg?trtg"sEer'gt”f‘ﬁroﬁo’ﬂ%'??éeliagll?rp"ﬁﬁaygﬁ“é”#'"?@ his 485Y'Ae second
range are dif tien amt thé iclaimema) be ftigled b@adine ihayinga edmbinateonadf dvthcfeed stic i s

parti oul arly BESAUES LGP sLialikd 18 LA BoRLaRS e AEAILEL 2
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| andi ng nmaygoeydsis ciii mhinéd @a@r@@agg&frg,r@qﬁluw a lower | oad range acting onto
the tractive lines and a high altitude condition which is characterized by
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produced by twisting or braiding a plurality of wires or fbres to one single line or
cable or the like show unproportional elastic properties when they are exposed to
very high loads and thus undergo high strains. In such high load condition the

25 line or cable undergoes a reckoning wherein the angle of attack of said fibres or
wires with respect to the load change to be quite parallel to the fibres whereas
the fibres are usually arra'nged in a slightly oblique direction to the longitudinal
axis of the line or cable in the regular load range. In the course of such reckon-
ing, a line and a cable will stiffen. However, this is not to be understood as un-

30  proportional behaviour in the load range occurring in use since it is to be avoided
that a line or cable is exposed to such loads effecting a reckoning of the line or
cable since this may result in failure of single fibres or even the whole line or

cable. Thus, conventional lines or cables will never be designed and used in such



vided having different elastic properties in such a way that the angle of
attack of 30 the aerodynamc wing inrelation to the steering unit is

hi gher in a condition where a low force is acting on the tractive lines
than in a condition where a high force is acting on the tractive |lines. The
angl e of atfQ¥RY$¥264n inportant paraneter - 8 - af f ecPCAFPRNRI%EHodynam ¢
properties of the aerodynam c w ng and7thus the uplift force and the forces
generated by the wing and transferred via the tractive lines and the
tractive cable. CGenerally, a small angle of attack is characterized by the
aer odynam c \ai wdy thyti they ganiendbdd/range &n yeawtdéchiiill cusessyshiredkosing aod t he
direction of angl e of attack is characterized
by the deck oﬁrsus(fec?é\%u pre ﬁ@?é@aﬁ%l gtr'l%“rﬁ%?:%urng being in an oblique direction
to the direction of the wind whereby the front edge is | ocated above the
rear edge of MAsROvRS shght chandse of tecelastic gbaviguyr Sy HaH!tdn @i hgnese?iBe coupl ed to
a steering urairéct%ha)f@m@ietnwég Wh eéspbétastmé/@nbmﬂmal axisi6fa &iné lopda@se of t he

angl e of att e io of the position of
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to the base plFattorm rcal “conditions result in a direct
dependency of the angle of attack 15 fromthe position of the steering unit
in rel ati on Ascerdiag derorrpfeaer cemiadinent saitktrastive dipe B3viBg UROPRISRA! | n case

that the st e%[dst'@p#ébbﬂhes & f@frﬁétﬂgﬁéald mw@traa&emh@rsemh@hescsmémuedret orward in
relation to nam, c ower ﬁn'gl e of

attack of%h a%% 5'83%§ﬁ1“8dwtﬂ&9ql’g‘m e S%‘i.'l'(?’ﬁs BPAA’%‘??@A?'}?&‘ GUPIERAT st eer i ng
unit in a nomperdietaaach pbei Wil dunatiayallpeoaespoad éa oty smblerllnerhawgg tose (front)

trac- 20 ti V%lh’&éﬁ?%ﬁ&@‘éﬁ&hQgtlotsh\gh%% {hF'?i%t'é égs srtrgmtr d?{rgrmﬁgtgﬁ or a front

regi on of the aerodynamc wn engt heni ng ear) tractive
| i nes coupl i ®glytane @ﬁf@elﬂerﬁjcmﬁst th@d’”&?r r"éﬁlse@'ﬁﬂ bgqngéoqsg@,ndeWﬁCQHd of the

aer odynam ¢ \4hrB&-stdinCratio/ & Sdternnd0By botRMindfsebtidRs HeMg tighJantNhdtinglin @ Nor e
rear war d OSItlaﬁ to the aero- dynam c wi ng would increase the angl e of

attack an m#¢™@®: achi eved by a 25 | engthening of the front tractive |ines
and/ or a shortening of the rear tractive lines coupling the steering unit
to the front Iedgétdarosaid ablgagtronerithctiveslinedwaving nudpropentionsd etastimpropers pect i vel y.

Accor di ng totuEQﬁa??ﬁr‘é? tFe%E%frsn%%ﬁam&ﬁr% rédraﬁgbeﬁhmh ratddoceiighg of attack

is increased in conditi-on. This w result 1n a hi gher angl e of
attack when Ipustef Wen?f"?qyf‘@@é’ ‘&@Pl%@“&ﬂ‘ﬂ"od‘i"ﬁé e 3G9I Lreft Bfiecr ease

such as for espagwe ifdisefghdStandgd bNBeasud fangel bO@rmNe @sy betheaderddyw al tit udes
having | OW \Mnra]% csﬁlngdpropulsion device whereby the first and the second stress strain
behaviour and the first and the second range are different from each other. Such
improved line characteristic is particularly preferable sincé it will allow to adapt
the geometrical arrangement of the coupling between the aerodynamic wing and
the steering unit to be in two distinct conditions corresponding to a starting and
25  landing manoeuvre which is characterized by a lower load range acting onto the
tractive lines and a high altitude condition which is characterized by high loads

acting onto the tractive lines.

According to a still further preferred embodiment, multiple tractive lines are pro-
vided having different elastic properties in such a way that the angle of attack of
30 the aerodynamic wing in relation to the steering unit is higher in a condition
where a low force is acting on the tractive lines than in a condition where a high

force is acting on the tractive lines. The angle of attack is an important parameter



However, such arrangenent of the unproportional tractive lines will further
stabi- lize the flight properties of the aerodynam c wing at high altitudes
as well. In such - 9 - case, a sudden decrease of the wind will increase
the angle of attack and thus stabilize the uplift forces generated by the
aer odynam cWRi2AY04REP vi ce versa a sudden increase of tRCWEREPSOHSED wil |
decrease the angle of attack and effectg such stabilizing effect as well.
- 5According to a further preferred enbodiment, a plurality of tractive lines
‘have unproportional elastic behaviour and t he unproportional elastic
behavi our of i ff i ed
bef or ehand, a%;eﬁlr']@rat% agyéﬂxﬁgnﬁgénloégmgé Q@g ggrog namcg Wil hand u@ tﬁ @?‘actl ve
| i nes may prefbeqee&mldyheb@rmmneretedMng%Mdg@ngé@nﬁere¢Vlaé?heatrmbve trfest he
aer odynanmi ¢ V‘éd?jgthé %&%%b@n@&&réug a%sﬁéhg‘raoféﬂarckmamté&e& Byechange the
angl e of attack of the aerodynam Inrelation dir'ection of the
wind. Wile t@ﬁrgdyn?'@mw'@%ﬁmgb@naaﬂy é\/%ﬂ'aﬂﬁt“i*l“cﬁds aasliel o the ¢restionedfast i ¢
property of ORe witd, Wﬁén‘éa& b &fghbVandld a%s&amb%hamaeﬁiemdyaﬁe fi6uKk oabbckfsr active
lines, it is refera e to etr nes Wi
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rear region ojwdm;ae@efo@&ynaemmnm thg pamy ofsdtachriers BRihE trattiv@icable itd thies
particul arly tg)reff-zatfred that one or nore tractive lines coupling the front

of the aerodyna om}lg to the steering unit have a first stress-strain

ratio in a | oad range below a first |oad condition and wherein one or nore
tractive |ine5ee8@pPmelgcasondiions easult innridipsct dependency @Y amnglewll Atpcko t he

steering yi tirdpdwR &osﬂi@ﬁ(blﬂﬂ]esété&ﬁ@'uﬂtrrﬂl‘ébtibﬂtté thel dbrédynad’ wing gethbel ow a
second | oad cqgndj t st rgss strain ratio |?‘ﬁhower t han
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Vi ceversa no yﬁam{cmgng an lengthening those (rear trac ve lines coupling the~steering

unit to a rear end or a rear portion of the aerodynamic wing.

Vice versa, a pbsition of the steering unit in a more rearward position to the aero-
dynamié wing would increase the angle of attack and may be achieved by a

25 lengthening of the front tractive lines and/or a shortening of the rear tractive lines
~ coupling the steering unit to the front 'edge/fron"( region and the rear end/rear

portion, respectively.

According to the above-referenced preferred embodiment, the angle of attack is
increased in a low load condition. This will result in a higher angle of attack when
30 the wind forces acting onto the aerodynamic wing decrease such as for example
during starting and landing manoeuvres at low altitudes héving low wind speed.
However, such arrangement of the unproportional fractive lines will further stabi-
lize the flight properties of the aerodynamic wing at high altitudes as well. In such



- 10 - steering unit in a nore rearward position in relation to the w ng
and increasing the angle of attack at decreasing loads. It is to be
understood that the first and second | oad condition may be characterized by -
identical or by different |load |evels. According to a further preferr
enbodinentvﬁﬁgxg #29%%3re tractive Iines coupling a 5 erﬁFEEQQWBgﬁ“of t he
aerodynamc wing to the steering unit.gaintain a third stress-strain ratio
in a load range above a first |oad condition and wherein one or nore
tractive lines coupling a rear section of the aerodynanic wing to the
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section of tﬁgcag?bq e zfnftlg{;:{a% nlgig to the steering unit in relation to those
tractive lines coupllng the front section to the steering unit. It is to be
under st ood t Aeeording t4 jar fyethesrpiefesed smbp@imenic Grrlielity pf tagtivecinen dexe t er i zed
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embodi nent, &8Me &8t Inieh e3ses serae 9?*5&#?%9 e §-93tose Hantdiagive;lifesr operti es,
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other tractive lines.,to

t f
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opti mum aerw%?ggyﬁa,ﬁlgm By Shonesahsl d@pd condition to generate maxi num

uplift force an mnimuim al r drag by the aerodynam c wi ng, wherein the
first load cgndition referably | ower than the se oad condition. By
this. the achupalicier e ot Gat oteoramob JaCrE 1B PRI PRSI 1 or oo or
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stress-strain ratio is Iower than the second stress-strain ratio. In this preferred
embodiment, the steering unit will be positioned more forward in relation to the
aerodynamic wing, thus decreasing the ahgle of attack if the loads acting onto
30 the tractive lines increase. This is achievéd by providing rear tractive lines show-
ing a higher strain than the front tractive lines when increasing the loads thus
moving the steering unit in a more forward position in relation to the wing and

decreasing the angle of attack at increasing the loads and viceversa moving the



io device in such overload situation. Preferably, one single tractive |line
effects the deformation of the aerodynanic wing in said first |oad
condition by having an unproportional elastic property which is different
fromthe elastic property of all other tractive lines. In said enbodi nent,
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properties, preferably el a tlc
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a0 AR & Rhet bRl e, R e TR B Rl o " "
ef fi ci encygso of hashelagliongroperties, preferably unproportlonal elastic properties, which are

different from other tractive lines to effect a deformation of the aerodynamic wing

element in a first load condition to decrease the uplift forces and/or to increase

the air drag generated by the aerodynamic wing and to establish an optimum



25at high wi nd speed. As discussed beforehand, the unproportional elastic
properties of a tractive line according to the foregoing enbodi nents may be
.characterized by two distinct elastic properties each being proportional
and thus resulting in a discontinuous transfer point between these two

di stinct pMEHENYT2 ¥30r may be characterized by a 30confFHESHESEHge from

one elastic property to another elastitiproperty. WO

2010/ 020263PCT/ EP2008/ 006831 - 13 - Fig. 1:is a side-el evational

schemati cal view of an aerodynam ¢ w nd propul sion device according to the
invention in abmwcﬁnilé Siigpatin Iacs%doﬁaqaéﬁ édnarion td-gdierate tmakinihtugiftdérce! evat i onal

schemati cal @ of a second e[pg nt 50f th ntfj in two different
o condi ti GAYST TR T Ga8 by TR protynerBang. direlty i e ket
sectional vi diasisgireferablydowelythamthe setong loavcamgitivatBycthisnthe leerogignamly nam ¢ wi nd
propul sion deyice Sg@ﬁﬁgrﬁécalﬁode%%?sé P\év tlh?tﬂ’c% Br to4&s: a@laftﬁeeég?é%g i 0ad

conditions, is-a fron I Onal “Vicew OF can asrodynam ¢ wing
i ncor por atsed relationrto dke windria @i firstupaticopdigipn Bethoss duripn cestading edlenging o t he

invention, RifoeRird %o Pachitdie SSchShbmiddvieUEYthe?] it tidHt detdr¥@rablets deavi ng
unproporti Onaclzlrease the uplift force or to decrease the speed in relation to the wind in a first
load condition such as an overload condition to prevent damages of the aerody-
namic wing or any associated elements of the aerodynamic wind propulsion
10 device in such overload situation. Preferably, one single tractive line effects the
deformation of the aerodynamic wing in said first load condition by having an
unproportional elastic property which is different from the elastic property of all

other tractive lines.

In said embodiment, said at least one tractive line having elastic properties which
15 are different from the other tractive lines may preferably be coupled to a section
of the aerodynamic wing, preferably a centre section, to effect a deformation of
said centre section in the first load condition such that the aerodynamic profile in
the first load condition has a cross section that is different from an ideal aerody-
namic wing cross section. This is to be understood that a pair or couple of trac-

20 tive lines coupled to said section of the wing may effect such deformation.

According to a further preferred embodiment, at least one of said tractive lines
has elastic properties, preferably unproportional elastic properties, which are
different from other tractive lines to provide a first curvature of the éerodyr)amic
wing in a first load condition and to change this first curvature to a second curva-
25 ture in a second load condition, wherein the curvature of the aerodynamic wihg is
a curvature in a side-elevational cross section of the aerodynamic wing or a front
cross section of the aerodynamic wing. According to. this embodiment, when
changing the curvature of the aerodynamic wing in a side-elevational cross sec-
tion this may help to adapt the uplift force generated by the aerodynamic wing to
30 the specific wind speed and to thus stabilize the flight condition of the aerody-
namic wing. In case that the curvature of the aerodynamic wing is changed in a
front elevational cross section, i.e. the outward side tips of the aerodynamic wing

which are usually directed towards the steering unit the side tips are moved



- elastic properties, and. Figs. 6a-care front elevational schematical views

of three different wash- 15out conditions of an aerodynam c.w ng accordi ng

to the inven- tion. Referring first to figure 1, an aerodynamc wing 10 is
shown in a cross-sectional side-elevational view. The aerodynamc wing is
coupl ed to ¥O3U88MREg unit 20 via a plurality of front PXJ/RRUEOEH | i nes
30a coupling the steering unit to a fr it regi on of the aerodynam ¢ w ng.
Further, a plurality of niddle tractive lines 3la are provi ded coupling the
steerlng unit 20 to a mddle region of the aerodynanmic wing and a plurality

of ear {ractitl LPanags L SRt ok, SEoERURIaL HOS,RIAFIGRA gL' (O 2

rearward region rodyfa rac 3la, 32a
are shown .i n-asoedtynhamio wénd pméuwersrgetﬁpajwpltﬁdoraef, iThistmay lbevesed|toaibvidendi t i on of

the aerodynan},GeeAdipht RIPtEsSH bW g @%edéfa&éuu&efthé filgh thédmﬁsn bo@d condition
t he aerodynamc wng 1S in a geonetrical position to'the steering unit 20a

depi cted in AHRIYARBIGYViING %to\ﬂﬁf;’@ﬁserf@? Helclbat the gide dipg faldipvardsinygasangl e of
attack in geldkidewitd the direction of the wind Wacting onto the aerody-
30namic wing. W) 2010/020263PCT/ EP2008/ 006831 - 14 - Tractive |lines 30b,

31b, 32b ShOVYpls f&h@ﬁ?@?e(#re tll;]a(?%t Eaggt o%%%?ggd rgctltc\jé ﬁﬁés‘ % elasﬁg §roﬁ%? %I 3la, 32a

and relate to these N a secon on of the
aer odynarmi c vﬂrefdraplmpgtogpr@ﬂnai@lﬁswrom&stlezsawhlblearseﬂe‘ferwérmdﬂ@rtraguee t he

steering uni tink$ tPRBlikié QMRS wadhdut OF %té%'“roo%a%né% in"h frsVBAd l:&rﬁi'itloﬂ' rection

fromthe 5 aerodynamic wing 10 and is positioned 1n a nore forward
direction in 3¢taehangeths g’é? wesleroia PreeRetd Wishautina seepnddeadsopdiionuni t  20b

|Sh0\é|m i nddﬁs hettérdin meswasaﬁmtebrsmryésodwarmhwmgp@?etm@%mmae bfreemﬁasmd;f hi ]gher
oa condil t 1 e condl t he e o0

o n ek oor t hdRe anqid b AR i8N Eeiof BNE herk ARG B anbRSEAREKS O Wy
is | ower tharin |arsep¢:rpd lfagtos_tof theoagrpdynamit wiog- Ti@dwashont ofAh¢ mirgtisvebeabl e 40a,
b couples theg JbRRLHME HEIZhgRAR FQc@ofiRs ik AL AFTYEdAH inSRRMN to a

second region. The difference of said angle of attack may be zero in one of the

15  first or second load condition thus resulting in a wing which is not twisted and
thus has no washout in one of the conditions which however may be understood
as a first or second washout according to the invention.

In the foregoing embodiment it is particularly preferred that the washout is

changed in such a way that the angle of attack of the.side ends, in particular only
20 the tips of the aerodynamic wing is changed between the first and the second

load condition. In particular, providing a washout at the side ends or tips of the

wing resulting in an increased angle of attack may prevent unwanted inward

folding of the tips in starting and landing manoeuvres of the wing, whereas de-

creasing said angle of attack may improve the aerodynamic efficiency of the wing
25 at high wind speed.

As discussed beforehand, the unproportional elastic properties of a tractive line

according to the foregoing embodiments may be characterized by two distinct

elastic properties each being proportional and thus resulting in a discontinuous

transfer point between these two distinct properties or may be characterized by a
30 continuous change from one elastic property to another elastic property.

The invention will be explained in more detail below with reference to the figures.
In the figures,



The change of angle of attack is achieved by providing different
unproportional elastic properties of the tractive lines 30a, b, 31a, b and
32a, b. As can be seen 15 fromthe figure in the second, higher |oad

condi ti on,é\;a41§]€%%§?& tractive lines 30b are stretched é’ﬁg&l’?@%@&fl anount

than the r rve lines 32b in relation to the hi condi tion
of the corresponding tractive |ines 30®-and 32a. This is achieved by
providing front tractive lines 30a, b which are stiffer than the rear
tractive lines 32a, b in the second, higher |oad condition than in the
first, |owerFigBolioad condf @isisi-elqratienat peligmatical vigws of dr aesodyaamis wind second

enbodi ment of the aer odyp@NisfoniéVibePE@RBIIRY @NthE SMhBon $n dePidieRt The
aerodynam ¢ wi nd propul sion devi ce conprises an aerodynanm ¢ wing 110

coupled to a steering utAdcediNSa a plurality of tractive lines. The
tractive lines are divided into front lines 130, front mddle lines 25 131,
rear m ddl e FigeeZ, 132 aratk sidaelevatives! stBdnaticalofevwsmi plsecertieersliodanénhg t 0 a

front regison, a front moﬁ%‘?n\feﬁ%nqnM@diﬁ%@ﬁt@dgﬂh%&f'sgi on and a rear region

of the aerodynam c w ng respective a tractive cable 140
couples the steering unit 120 to a base gl atform (not,_ shown). 30Accordi ng

. , t
to this enbofl9Fets an &RISIPSIRYPtqNaL ST geftiopd vews plsam AgHIAaTIc The
addi tional tractive |i nevidghcb@srapdoipahé iaerdinamiasind ppoisien tdegise and i s

attached to - 15 - the sane attachnent pojints.at the [ am c w ng and
the steering unit |ike taﬁ%°¢$'f'1%$ﬁtﬁﬁfndarlqgnt"}%’(r:eﬁd\'/%r?r?thoead%gﬁaﬁ%ﬁe tractive

lines 130-133 nmay have proportional or unproportional elastic prop- erties.
For the funcfigefi ng of the sskeroatigaldranbalpyatianaliview of angrspdyaamictMBS t he pro-

5 portiongl elastic propgbidoPsed®in éﬁ'&r&?%ﬁ\km prop@sibh Wevidd aRo34 1 S
different fromthe elastic properties of the tractive lines 131 in at |east
one | oad range. By thisiNaPreMROIPRNe 131 and additional tractive line 134
fromas a functional unit one tractive |ine having unproportional elastic
properties. Ag. §hown inifagtress &emin tiree atiditractiyadine thasiog ivnpropertienal 34 i s
shorter in the first, | . ndition than the front mddle
tractive line 131. By t%ly%'?cérggé -gér?r?g?i on of the aerodynamc wing in the

front mddl e region is realized resulting in a deceleration of the
ey odynarm ¢ ESRGSahi 3 4 FOHEI Femalt Teis ChT pESEM e
aerodynamsc wi ng during ost édriditio@s ahah berodynamiceing @icsordiag to the inven-

tion.

Referring first to figure 1, an aerodynamic wing 10 is shown in a cross-sectional

side-elevational view.

The aerodynamic wing is coupled to a steering unit 20 via a plurality of front
20 tractive lines 30a coupling the steering unit to a front region of the aerodynamic
wing. Further, a plurality of middle tractive lines 31a are provided coupling the
steering unit 20 to a middle region of the aerodynamic wing and a plurality of rear
tractive lines 32a are provided coupling the éteering unit to a rearward region of

the aerodynamic wing 10.

25  Tractive lines 30a, 31a, 32a are shown in continuous line correspond to a first,
lower load condition of the aerodynamic wind propulsion device. In this first,
lower load condition the aerodynamic wing is in a geometrical position fc_; the
steering unit 20a depicted in continuous lines which relates to a relatively high
angle of attack in relation to the direction of the wind W acting onto the aerody-

30 namic wing.



As shown in figure 2b in a higher |oad condition the |ength of the
additional trac- 15 tive line 134 is simlar to the front mddle tractive
line 131 resulting in an optinmum aerodynami c profile of the aerodynanm c
wing 110. This will allow optinmm out put of speed and uplift force of the
aer odynami VRt OHRebul si on device in a second, higher 1&5%8%‘84‘?%"%# on
corresponding to the opti numrange of -t nd speed of the aerodynam c w ng.
20Referring now to figures 3a, 3b-and 3c, an aerodynam c wing 210 is shown
in three different | oad conditions. The aerodynam c wing 210 is coupled to
a steering Umirhcti® MhesSEOBM3)b V32 sholwh U ahshel liieEortdspoiid teardctivietine8 30- 234

whi ch are distanced, from each ot her ir | ongi tudi pal , directi.on qf the
aer odynani ¢ \iit.oﬁg 1?165.3 ﬂrg rleg?e[tﬁlgfé%ﬁﬁ@;@gtasola%t%g?ncgggﬁgqald 58??'@0@ 5l ne
230- 234 r epr ¢be aemdgnaolicimidd prppd$ion dadte. \As ¢annizes sedn frdm dinee figirgt thaced from

each other inyg i&%%@@?é&s@fdﬂhﬁ %Eicﬁ‘? 1 dilteedR LR fedibA Fomifle ThE
tractive |ines 230- ach have erent unproportional elastic
properti ess /Aeragyeamiciwing 1QandisRsitipneddn fj mere forypid digatianondelaidrt i on t he

l'engt h of t hesld AGbdymlc WiR§ 183Pnel StderirSuHitt 20bi sho@h i BhsHEY NMnae Qe Nam ¢
profile of the aerodynamc Wi ng 3%%0., WO 5010,020263PCT/ EP2008/ 006831 -
BF S85AEnfighefiaz

16 - In figur¥oats ofhigpesitiepi CMW9s shown in a | ower | oad
condition than in figure 3a. As can be seen fromthis figure, in this |ower
| oad condi ti dn thihgecbndyigher laed ceraitionntbe 26ge ahattack ef the aerodyroti¢ wiegl i ne 234

are shorteneq, ’F%?étf%ntté‘ﬁ‘m%_oﬁrja&io'ﬂio‘i‘me%ihé ke hdRaR trehst2BRelBEd cGRTPar ed to
the optinmum |l oad condition In
10 dition.
A tractive cable 40a, b couples the steering unit 20a to a base platform (not

shown).

The change of angle of attack is achieved by providing different unproportional
elastic properties of the tractive lines 30a, b, 31a, b and 32a, b. As can be seen
15 from the figure in the second, higher load condition, the front tractive lines 30b
are stretched to a smaller amount than the rear tractive lines 32b in relation to the
higher load condition of the corresponding tractive lines 30a and 32a. This is
achieved by providing front tractive lines 30a, b which are stiffer than the rear
tractive lines 32a, b in the second, higher load condition than in the first, lower

20 load condition.

Referring now to figures 2a, b, a second embodiment of the aerodynamic wind
propulsion device is depicted. The aerodynamic wind propulsion device com-
prises an aerodynamic wing 110 coupled to a steering unit 120 via a plurality of
tractive lines. The tractive lines are divided into front lines 130, front middie lines

25 - 131, rear middle lines 132 and rear lines 133 which couple the steering to a front
region, a front middle region, a rear middle region and a rear region of the aero-
dynamic wing 110, respectively.

" As shown, a tractive cable 140 couples the steering unit- 120 to a base platform

(not shown).

30 According to this embodiment, an additional tractive line 134 is provided. The
additional tractive line 134 has proportional elastic properties and is attached to



5 figure 3a. By this, a higher curvature of the aerodynamc wing 210 is
achi eved, thus increasing the uplift force of the aerodynamc wi ng. This
will help to stabilize the flight condition of the aerodynamic wing 210 in
a starting and | andi ng nanoeuvre where |ower w nd speed is gr esent and

ef fects | oWE 2014%9%3acting onto the aerodynam c wi ng af§TERZBPREY e

lines. ioReferring nowto figure 3c, the aerodynamic wing is shown in a
hi gher load condi- tion than in figure 3a and figure 3b. As can be seen, in
this higher load condition, the rear tractive lines 234 is el ongated nore

than the other tractive |lines 230-23 . ef. | (o} pon of the
rear end of ?’ﬁeesaa%? Sﬁfﬁgﬁnggwtﬁ%Q%Ogﬁr?\é@%%{fg‘&/égghgir&%egtte ?‘ﬁ‘fﬁ J%%ké w | |
si gni fi cant | yhedfpant avdsiée traetivailplei ¥3(. f orces generated by 15 the aerodynam c

wing 210 and decel erate the speed of the aerodynamic wing in relation to
the wind. By thBitgctiveNings §50-13% Alay Ma@plopértiore® BElinprépbrtidnBeelafliciprdp-f or ce and
the speed of the aerodynamc w ré]r? can be decfreased, t hus tgrog{ectl ng the
aer odynani ¢ e ERfdhefpeioningrof da-sreATS ePPOLREN IHB fePotlePLBe A PO wi nd
propul si on deviioralletists propariag of thd Adhiesnd tradtiveling e84 isrdiffegertdromi theire 4, an
aer odynam c W I I Cro ect| | I . onal vi ew.
The aerodyna\r?ﬁlaggc\:/vl%e]og’e@%%Fgwggiéglvgcqﬁ%o%%‘ E‘t%&%ﬁg’nﬁrﬁ{&%gfg @%g{vﬁﬁ) via a
plurality of tractiuetlingel 31| anssadstiipaalf tractive npo B4l fro@ ama dungtional unt 1988 each

tractive |ing,3RRant nafiny GprdHontionaiddsti@probb@ed.i ve |ines 330-334 as shown in
figure 3a-c. r235As gan b@seen flro?nthse| riE:J)ure, the side tips of the

aerodynanmi ¢ wing 310 are directed. do rds in.an opti | i ght condition
at opti mum | %&CF%OWN %‘T% g ﬂi'%acg‘ﬁ“%ﬁ&?ﬁ\gﬁm I&’&)ﬁét‘?? S ﬁ]{gé h@k’%&%am C W ng
310 to stabi lldadeconditorf thagthie frpat iniddie taptivertinen1Bb.a8Y toisnal defowmatiamdf the nd speed,

it would be ' : Lncr : W] I d and wi nd
speed condi t%%ﬁddgﬁ%l“?g} ngr'g&%n@?ﬁﬁgggeﬁgﬂﬁéﬁ%ﬁz%g%u!tnﬁ%ﬁ’s% g%&'[e{%@ﬁi n case of
si de winds. of the7aerodygarsictyéngtTihisawill yielgdp figit die moximpmomesd ofthe@]ios can be

achi eved by pfypthidiwitg duriRg staMg hh@ Rndidg Araineélred30f coupl ed to the sideward
tips of the aérodynam c w ng 3%0 and having different unproportional

el astic properties than-those tractive |lines 330b-e e _mddle
part of the r%cWﬂM%"%\P%E %&'@ﬁ?rolo?cﬁcéong%t'%netrhlen%ngttjhn?ftgg%dggg}awag, it can be
real i zed tshattive liee $34desimildstottheafrentyeiddié eslive® Btkal Hrras@BEfin kengtitienm in a | ow

| oad conditi i r ; i ; )i i 330b- e,
thus resulti %grédgnagmgg%@@%%éﬁ%%?ﬁﬁ VWEHU' ﬁgaﬁﬁ:‘ﬁ é&ﬁ%éﬁ?{@(g mﬁ is

e aeraod
char act er i ze®' Bpees @pae%w&eﬁ@mvaawwiwmwmﬁ Hevies P2 $9Fodhe
‘aer odynam ¢ Wighgr 248 carditonhematponaingyto eospiimayh @hg@vswihd sBeedl&Tthe s Wi | |
significantly 1 ncrease the effective surface of the aerodynam c w ng 310
and thus i ncr8RS¥"IMEWISift forces at a | ow | oad when conpared to the
opti mum | oad shown in figure 4 and prevent inward foldi ng_of the side tips.
Ref er ri ngzonoRefesring gew ¢o Bgures Bgipicand 3¢ @ncansadyaamnicwing 230 & $heWR iturve of a

tractive three different load conditions.

The aerodynamic wing 210 is coupled to a steering unit (not shown) via a plural-
ity of tractive lines 230-234 which are distanced from each other in a longitudinal
direction of the éerodynamic wing 210. It is to be understood that each tractive
25 line 230-234 represents a plurality of tractive lines which are distanced from each

other in a transverse direction of the aerodynamic wing 210.

The tractive lines 230-234 each have different unproportional elastic properties.

As shown in figure 3a, in a first, optimum load condition the length of the tractive

lines 230-234 results in an optimum aerodynamic profile of the aerodynamic wing
30 210.



| i ne according to the invention is shown. It is to be understood that the
stress 15depicted in this diagramon the Y-axis signalizes the total |oad
acting onto the tractive line. As can be seen, the tractive |ine undergoes
inafirst, lower load range 1.1 a large strain. This will characterize the
starting arOR&HA2%e nmanoeuvre and al | ow for def or mat i RETHP24U8B068EY odynani ¢
wi ng or change of the angle of attack-gs de- 20scribed beforehand. After
reaching a transitional load Lt the tractive line is subjected to a higher

| oad L2. In t he higher load range the tractive line is subjected to | ess

strain, i.e. IdfigursBORBe 8dmé aeroayﬁaers@w&fgrzabr's gwwnen iaSO\GérG&ﬂBdfonHiﬂadﬂ in the
first, Iomer | oad_r an ond racterizes

1. Th
the optimum HEAd" f f%[‘ﬁﬁgaf%sr N ?egﬁﬁe"g@f‘hthﬁ ' & |In h'? g’(‘f’@i%gg CPrilfﬁt'og %dynam c
Wi ng. Fi gur edrofitatractiging 230camid ted saatradtiveline/ R¥sreshotténedanaie tamrtbeit washout

condi 1 0ns_ofridfle ASURENRELTZS: 150 ind SomdHits 1 B copEAUBE o o€, pal s

of tractive I|nes eerin _ tractive
| i nes 430a- c figererdei Bedhisy & higher qurvatire oéthmaer@d(/w'gmﬂ s achigyad. tract i ve

lines 430af, yof)in@duling the BlirtbrRe bf e aBRldymtmié aﬁugsmmmfr%fp b @Bibiliké act i ve
| i nes 430ar, cr wherein the front trac |ve i ne

2010/ 020263P¢E 9*261985”’6%8’3‘1‘9 aefogynarpig Ying: <19 Ke? FP&H'LQ G ardr9 MRe wing to
the steering ndivie Reretiber diAd sbéd?deis prasphiemdidifects eaver ¢akge aofing drdo Wi Ng t 0

the steering unit e see the figures, the front and rear
tractive |ind¥ %?°C{yﬂﬁm'|86\ﬂ'?gsa%§t§3,{}a°t'v8?]etsr active lines coupling the tips

410a, c¢ of the aerodynamc wing 410 to
10 Referring now to figure 3¢, the aerodynamic wing is shown in a higher load condi-

tion than in figure 3a and figure 3b. As can be seen, in this higher load condition,

the rear tractive lines 234 is elongated more than the other t.ractive lines 230-233,

thus effecting a deformation of the rear end of the aerodynamic wing 210 in an
upward direction. This will significantly decrease the uplift forces generated by

15  the aerodynamic wing 210 and decelerate the speed of the aerodynamic wing in
relation to the wind. By this, in a critical high load condition, the uplift force_ and

. the speed of the aerodynamic wing can be decreased, thus protecting fhe aero-
dynamic wing and any other elements of the whole aerodynamic wind propulsion

device before damage.

20  When further referring to figure 4, an aerodynamic wing 310 is shown in a cross

sectional, front elevational view.

The aerodynamic wing 310 is coupled to a steering unit (not shown) via a plural-
ity of tractive lines 330a-f. It should be understood, that each tractive line 330a-f
represents a set of tractive lines 330-334 as shown in figure 3a-c.

25 As can be seen from the figure, the side tips of the aerodynamic wing 310 are
directed downwards in an optimum flight condition at optimum load. While this is
an optimum geometry of the aerodynafnic wing 310 to stabilize its flight path in
optimum load condition and wind speed, it would be desirable to increase the
uplift force in a lower load and wind speed condition and to prevent inward folding

30  of the side tips in case of side winds.



5the steering unit are divided up into two tractive line sections in the
upper part adjacent to the wing thus constituting branched tractive |ines
in the formof an Y. Figure 6a shows the aerodynam c w ng in a first
washout condition, wherein the wing is not twisted and _al | glons of .the
w ng have Y204 00202 3ng|e of attack. As shown in flgurepggmmﬁw/gmggcond

- washout condition the tips 410a, c of the 10 aerodynamc wing are tw sted
inrelation to the mddle region 410b of the wing. This may be achi eved by
allowing the front tractive lines 430af cf to undergo a hi gher el ongation

LR e | oo e 4% £l P SRR BB L 2

I'n the tips
410a, c is htighlinest3iaa an@méSer@ueledfto énet sidgewardh tlpﬁef the chgraglynamicovingt 10b.  Thus,

in 15the frogjg ﬁﬁé@g\g%m#en‘(b MI élé’stnt;'p%'éﬁre@hvanttlli&eli'ﬂgﬁfeslhgﬁ 41la, c

of the wing 410 can seen ure 6¢c shows a third washout condition. In
thi s washout 33rrifQupbig ‘f‘ﬁ@“ﬁ’%Pa’? piibe peradynamicswing 849 to thestepring Wite| ongat ed

nore thangt hgyfthigNit danakd iryized wes 1#3 QfewafROg4ctivd lifies” B304 tahagaaon a reduced

ang| f attack the t 4 th th I
om0l e O L g B Bhen sl Ber e RBR e ot i o
t hird washouB3abee)dhos multnhmnmppieformam dflife aemdmmlbg/lrmé‘rﬂ whicbhe tip
regions 410a.. b, 10, L0, J g%wﬁjde}‘ﬁ%t %pﬁv%g;em\é\/%rﬁrw% gk bf @Ry - 19 -

CLAI M5 1. AerodynamcC vice, particularly for tercrafts,
conprising - nanlcamg)ﬂ@raé@pbemﬁtwg”x(smymbé?ﬁgw%brﬁ}ect ed to a steering unit
(20) lo- 5cated below the aerodynamc wing via a plurality of tractive
lines, 10 This will significantly increase the effective surface of the aerodynamic wing 310

and thus increase the uplift forces at a low load when compared to the optimum
load shown in figure 4 and prevent inward folding of the side tips.

Referring now to figure 5, a typical, schematical stress strain curve of a tractive
line according to the invention is shown. It is to be understood that the stress
15 depicted in this diagram on the Y-axis signalizes the total load acting onto the

tractive line.

As can be seen, the tractive line undergoes in a first, lower load range L1 a large
strain. This will characterize the starting and landing manoeuvre and allow for
deformation of the aerodynamic wing or change of the angle of attack as de-

20 scribed beforehand.

After reaching a transitional load Lt the tractive line is subjected to a higher load
L2. In the higher load range the tractive line is subjected to less strain, i.e. the
- slope of the stress strain curve is steeper than in the first, lower load range L1.
The second, higher load range L2 characterizes the optimum load range for flight
25 in high altitudes of the aerodynamic wing. -

Figures 6a-c show front elevational views of three different washout conditions of
an aerodynamic wing 410. The wing is coupled via three pairs of tractive lines
430a — to a steering unit 420. Each pair of tractive lines 430a-c comprises a
front tractive line (as shown for front tractive lines 430af, cf) and a rear tractive

30 line (as shown for rear tractive lines 430ar, cr), wherein the front tractive line



- atractive cable (40a, b), a first end of the tractive cable being
connected to the steering unit (20) and a second end of the tractive cable
bei ng connected to a base platform - the aerodynam c wi ng (10) having an
aerodynam c profile which gener- 10ates an uplift force in the direction of
the tracti vWOGAWI02026340a, b) when the ai rfl ow direct i BEI/ER0Q8908¢381
perpendicular to the tractive cable (204), characterized in that at |east
two of said plurality of tractive |lines have elastic behaviour in the | oad
range occurring in use of the aerodynam c wi nd propul sion device and the

el astic behavdoples Be front €d@d of tR@GAngt toahd staérrigumit plithefeat Bngleduprsent . 2.
Aer odynam ¢ vy'bnd rﬁ?ﬁﬁm ion d ce_accor |ng to claim1, characterized in
that one tractf (& P wag b?atregnqg[ YWof tractive lines is formed by at
| east two parallel tractive |line sections which are attached to 20

i dentical attAsctarebe serri fios the figires,atbe diephand teaniracfivarides kbthetpainsi ng uni t,

respectively wosr@mrat:h% lin@é‘%nﬁbhﬁ@ﬁ\ettﬁg 4@6@%&# %eFHe%?ﬁﬁérh%%er 4bd two
tractive line sections is selected such t first |ow | oad

condi ti on i tthe Steerirg vribere dividpd WRivth M%Saqt'YP lpgesestionsnia t%\“ePBQFyr?ém c wind

propul si on desdjgeent!t6 tel veigihls dnstfatifg brahomed traetv lings ih tHtfoseotdnons i s
different and at a second nedium |l oad condition within said | oad range the

PR engtn of igdfe BRARLEE ke Pl Rarill vt M nrke\henblithoh B0, MERAT FRROIS 0

the |l ength of onger one tive lines and athird
hi gh | oad cornwihg isgat wm anddliregionseal theawige havstthe sameande efiedtaehk- acti ve |i nes
are elongated. - 20 -

As shown in figure 6b, in a second washout condition the tips 410a, ¢ of the
10 aerodynamic wing are twisted in relation to the middie region 410b of the wing.
This may be achieved by allowing the front tractive lines 430af, cf to undergo a
higher elongation than the rear tractive lines 430ar, cr. In a consequence, a
symmetrical wash out condition is provided, wherein the angle of attack in the
tips 410a, c is higher than the angle of attack in the middle region 410b. Thus, in
15 the front elevational view shown in figure 6b, the underside 411a, ¢ of the wing

410 can be seen.

Figure 6c shows a third washout condition. In this washout condition the rear
tractive lines 430ar, 430cr are elongated more than the front tractive lines 430af,
430cf thus resulting in a reduced angle of attack in the tip regions 410a, c when
20 compared with the angle of attack in the middle region 410b of the aerodynamic
wing. Thus, in this third washout condition the upper side 412a, ¢ can be seen in

the tip regions 410a, b in the front elevational view shown in figure 6c.



[is slack in a first |oad range occurring in use of the aerodynam c w nd
propul sion device to at | east one tractive |ine having unproportional

el astic properties has bielastic properties.] 53. Aerodynam ¢ w nd
propul si on device according to any of the preceding clains, characterized
in that at WQHMY08MI of said plurality of tractive |in@STERHESMSEI con.
necting the aerodynam c wing (10) to_H@q steering unit (20) has
unproportional elastic properties in the |oad range occurring in use of the
aerodynam ¢ wi nd iopropul sion device. 4. Aerodynam c w nd propul sion
device according to claim2 and 3, ¢ ﬂgterized in that said tractive line
havi ng unproportional elastic proper is formed by said two tractive
line sections. 15 5. Aerodynam ¢ wi nd propul sion device according to any of

the previouscl aAdrsdypafic Wind Préuiidneddvic8dparicidiptioswhtdrcpdits! 8dHdrisone
tractive line having unproportional elastic properties has a first
stress-strain béR%viour in a first range of the | oad range 20 occurring in

gsﬁ of the aerodynangerow&rru&]i@?m@ww% Bé]r&gievrﬁrféeteaﬁd adste@gnehitsROE®S- St rai n
ehaviour in a seco ran of the |.oad range oCgurri i.n use of the

aer odynanfc wi nd _p?agf)%?eg?vgﬁ’ec?@ﬁdg@a%é"l’"é’o"&agﬁlgraﬁﬁ'roﬁra%ﬁﬁ "¢ second stress
strai n behavi our- aattattive céble $40aabla fitsterxbofdnaitractivgjeabie leeing ¢dnpedded from each
other. 25 6. Aerody m%té&iﬁgggi gzry»;'t b%“séiﬁ?(d sﬁdeamertﬁacm %&l@ﬂéﬁn f the

previ ous clainms, character at multip tractive lines are provided
having different efedested raprseiiad®mn such a way that the angle of attack
of the aerodynani ctheideebdyRamic wing (10) having an aerodynamic profile which gener-

10 ates an uplift force in the direction of the tractive cable (40a, b) when the
airflow direction is about perpendicular to the tractive cable (207),

characterized in that at least two of said plurality of tractive lines have elas-

tic behaviour in the load range occurring in use of the aerodynamic wind

propulsion device and the elastic behaviour of said at least two tractive

15 lines is different.

2.  Aerodynamic wind propulsion device according to claim 1,
cha’rabterized in that one tractive line of said plurality of tractive lines is
formed by at least two parallel tractive line sections which are attached to
20 identical attachment points at the aerodynamic wing and the steering unit,
respectively whereby the length and the elastic properties of said two trac-
tive line sections is selected such that
- in a first low load condition within the load range occurring in
use of the aerodynamic wind propulsion device the length of
25 said two tractive line sections is different and
- at a second medium load condition within said load range the |
shorter one is elongated to such an extent that its length corre-
sponds to the length of the longer one of said two tractive lines
and
30 - at a third high load condition within said load range both of said

two tractive lines are elongated.



relation to the steering unit is higher in a condition where a low force is
acting on 30the tractive lines than in a condition where a high force is
acting.on the tractive lines. - 21 - characterized in that one or nore-
tractive lines coupling the front of the aerodynamc wing to-the steering
unit have awDi20Bt02@6¥ess-strain ratio in a |oad range belumpe0sfopesst | oad
condi ti on and wherein one or nore trac& ve lines coupling the rear end of
the aerodynamc wing to the steering un|t have a second stress-strain
5ratio in a | oad range bel ow a second | oad condition, wherein the first

stress-strain 1 atl Qabel W iodd1Bfiod Benud g‘?ﬁ'gseséfrtﬁéﬁerawn%h-uerb&ﬂﬁ'RJ 8.

Aer odynami ¢ wi nd'propul si on devi e aecor preV|ous cl ai ns,
i ocharacteri zed pusiohatevigado @t least ene rtraetwe\ﬁ@el havieg ldmcqﬂol‘tﬁga|ae|$-°ﬁl§nt section

of the aerodynanbﬁm@h@ghggmgggm§;&ﬁhbgg unit maintain a third stress-strain
ratio in a load range above a first load condition and wherein one or nore

tractive lines coupling a rear section of the aerodynamc wng to the
steering ui t3.hawnerodyhamis twind propaRmiodt dedic dcabdigitd dhyl sTae rpagt@aingbove a
second | oad condi L on, wherein preferably the 15third stress-strain ratio
i's higher than tK8WBurth stress-strain ratio. 9. Aer odynam ¢ w nd

propul si on deshacetedzsbindhaigt teastame affsait Iplurgiteef taagtiveclinas (30a-32a) 8gn-wher ei n

the first | Oar%c@@;mbteje hacmlhew Cgtozft’@tﬁe@ee?ﬁ QR (b@%s%’ﬂﬂipt)hgﬁ'al 20 10.

Aerodynani ¢ win ropul s s on ccord o any previous cl ains,
char act er i zede'astic trepertigs in dhestoad [fangss O@amgtlm &8e |°f/éhe| aef@@nﬁ% windsti c

properties propulsion device.

4.  Aerodynamic wind propulsion device according to claim 2 and 3,
characterized in that said tractive line having unproportional elastic properties is
formed by said two tractive line sections.
15
5. Aerodynamic wind propulsion device according to any of the previous
claims 3 or 4, B
characterized in that said at least one tractive line having unproportional elastic
properties has a first stress-strain behaviour in a first range of the load range
20 occurring in use of the aerodynamic wind propulsion device and a second stress-
strain behaviour in a second range of the load range occurring in use of the
aerodynamic wind propulsion device whereby the first and the second stress
strain behaviour and the first and the second range are different from each other.

25 6. Aerodynamic wind propulsion device according to any of the previous
claims, _

characterized in that multiple tractive lines are provided having different elastic

properties in such a way that the angle of attack of the aerodynamic wing in

relation to the steering unit is higher in a condition where a low force is acting on

30 the tractive lines than in a condition where a high force is acting on the tractive

lines.

7. Aerodynamic wind propulsion device according to any of the previous

claims,



preferably unproportional elastic properties, which are different from
other tractive 25 lines to effect a deformation of the aerodynam c w ng
elenent in a first load condition to decrease the uplift forces and/or to
increase the air drag generated by the aerodynamic wing and to establish an
opt i mum aeMfU3NYPA3shape in a second | oad condition tg’cﬁ@ﬁé‘}oﬁ(ﬁ%s%xi mm
uplift force and/or mninmum air dragq 4y the aerodynam c w ng, wherein the
first load condition is preferably |ower than 30the second | oad condition.
11. Aerodynami ¢ wi nd propul sion device according to the previous claim
wherein sai thﬂ'gct%r%ﬁtin A€ ohd BLMbNSrdctiteided \olfling 135t P HRRRIIdyeS Which are
different fromthe other tractive [nes 1S cou ed to a secti OR of the

aer odynani ¢ hamiggving 4o ther steeriiayunit haveta Brst steessitraingrgtie it d9adaraged or mat i on of
sai d cent repgBatd @8t bfd EoRIIoNGNd WHMER 8RS BPRBIEPRRNS (REGRRIing tRE - T rst

| oad condition such that the aer odg/nam c .profile in the first, | oad
condi ti on h&e2"§n¢ phibe aerodynagyic wingdo fhe strefipg prithave AgePa SU§SSP AL odynani ¢
Wi Ng CrossS s&tiodtih 8Mvad range bebw d\edcody adiconditiondwhereipuhesfiretstdes-steein accor di ng

to any of the previo gn?%Is%kom%,str%hse}gt%%r%{ié_zed in that at |east one of said
tractive |ines has elastic properties, preferably unproportional elastic
properties, which are different fromother tractive lines to provide a

first CurvatsureA&Bd,tnfam@%&dpraam%nvaéogei&cafdfnbrﬁt ahy8f teOpRlbLon and to

change this first curvature to a second curvature in a second [ oad condi -
10 tion, wherei#@ifBe curvature of the aerodynanmic wing is a curvature in a
si deel ev@t i @RarhctefizedSn 36t tn@ror Ghoré N cer ey Raoplieg W fight Gectibnfafamé cr oss

section of the aerodynani ¢ w ng. . 13. Aerqdynam.c.w pd. propul si on '
devi ce accoP8PHY e émm%ﬁ‘et%%e%&’ HO Wﬁ@gaﬂs%ﬁ]érlgﬁé?sséﬂ?%narg{']%ﬁazlgg‘yi n that at
| east one ofargaiatiote afisi lvad tanddisn hadwheraitone opmorsetractieslinep cedptinabl y _
unPr OpOT ti 093k Bkl & the BBBHraRo witlhé theBidbrfly UhFRARIa fLRTAERer tractive
lines to provide a first washout of The aerodyhamc wng in a first |oad
condi ti on ataip ftielandpadirangs Foove s seresH Mad copditions wheisH RigferlYtt"d n a second

| oad congi t it strd6s-RM RtidistHihenah Hétfo@th dilRes-ardivdypam ¢ wing is a
relation of the angle of attack in a first region of the aerodynam c w ng

to the angle of attack in a second region of the aerodynam c w ng. 14.
Aer odynam c 9w ndlerpdyamiicswiod pcbpuisive dadicoactiorting to anef e eravious cleimai m 25
characterized if that the washout is changed in such a way that the angle
of attack of the si'de ends, in particular only the tips of the aerodynamc
Wi ng i s chamijewirpibe fisstlead penditiop & lowerdhamniae secapd dpadsaadiiasndi t i on.

20
10. Aerodynamic wind propulsion device according to any of the previous
claims,
characterized in that at least one of said tractive lines has elastic properties,
preferably unproportional elastic properties, which are different from other tractive
25 lines to effect a deformation of the aerodynamic wing element in a first load con-
dition to decrease the uplift forces and/or to increase the air drag generated by
the aerodynamic wing and to establish an optimum aerodynamic shape in a
second load condition to generate maximum uplift force and/or minimum air drag
by the'aerodynami‘c wing, wherein the first load condition is preferably lower than

3o the second load condition.

11. Aerodynarﬁic wind propulsion device according to the previoué claim,

wherein said at least one tractive line having elastic properties which are different

from the other tractive lines is coupled to a section of the aerodynamic wing,
35  preferably a centre section, to effect a deformation of said centre section in the
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first load condition such that the aerodynamic profile in the first load condition has

a cross section that is different from an ideal aerodynamic wing cross section.

12. Aerodynamic wind propulsion device according to any of the previous
claims,
characterized in that at least one of said tractive lines has elastic properties,
preferably unproportional elastic properties, which are different from other tractive
lines to provide a first curvature of the aerodynamic wing in a first load condition
and to change this first curvature to a second curvature in a second load condi-
tion, wherein the curvature of the aerodynamic wing is a curvature in a side-
elevational cross section of the aerodynamic wing or a front cross section of the

aerodynamic wing.

13. Aerodynamic wind propulsion device according to any of the previous
claims,
characterized in that at least one of said tractive lines has elastic properties,
preferably unproportional elastic properties, which are different from other tractive
lines to provide a first washout of the aerodynamic wing in a first load cbndition
and to change this first washout to a second washout in a second load condition,
wherein the washout of the aerodynamic wing is a relation of the angle of attack
in a first region of the aerodynamic wing to the angle of attack in a second region

of the aerodynamic wing.

14. Aerodynamic wind propulsion device according to the previous claim,
characterized in that the washout is changed in such a way that the angle of
attack of the side ends, in particular only the tips of the aerodynamic wing is

changed between the first and the second load condition.



