
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/061351 Al
May 2013 (02.05.2013) W P O P C T

(51) International Patent Classification: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
BMC 3/52 (2006.01) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(21) International Application Number: NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

PCT/IT20 12/000326 RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

(22) International Filing Date: TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

24 October 2012 (24.10.2012) ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(30) Priority Data: UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TO201 1A000981 28 October 201 1 (28. 10.201 1) IT TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(71) Applicant: POLITECNICO Dl TORINO [IT/IT]; Corso MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Duca degli Abruzzi 24, 1-10129 Torino (IT). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

ML, MR, NE, SN, TD, TG).
(72) Inventors: GIL, Piero; c/o Politecnico di Torino, Corso

Duca degli Abruzzi 24, 1-10129 Torino (IT). FRULLA, Declarations under Rule 4.17 :
Giacomo; c/o Politecnico di Torino, Corso Duca degli Ab

— of inventorship (Rule 4.17(iv))
ruzzi 24, 1-10129 Torino (IT).

Published:
(74) Agent: GARAVELLI, Paolo; A.Bre.Mar. S.r.L, Via Ser-

vais 27, 1-10146 Torino (IT). — with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every — before the expiration of the time limit for amending the

kind of national protection available): AE, AG, AL, AM, claims and to be republished in the event of receipt of

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, amendments (Rule 48.2(h))

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(54) Title: AERODYNAMIC PROFILE WITH VARIABLE TWIST AND PITCH

one at one to support at one mater -
ial of such portion of aerodynamic profile (1), such portion of aerodynamic profile (1) further comprising at least first actuating
means (5) adapted to cooperate with at least one of such supporting profiles (3a) or (3b) to modify Ι∆ [ a value of incidence |θ | of
such profile with respect to the other supporting profile around at least one rotation axis (R-R) parallel with an opening (A) of such
portion of aerodynamic profile (1).



AERODYNAMIC PROFILE WITH VARIABLE TWIST AND PITCH

The present invention refers to an aerodynamic

profile with variable twist.

Aerodynamic profiles, and in particular

propeller blades, with fixed pitch with constant

twist, are known in the art and, consequently, are

optimised for a single operating ratio, meant as

ratio between blade translation speed . and blade

rotation speed.

Aerodynamic profiles with variable pitch are

also known in the art and, though keeping the

twisting law unchanged along their opening, they

increase their efficiency, when the operating

ration .changes, with respect to fixed-pitch

propellers, without however reaching the optimum

value.

Profiles are further known that provide for

the use of systems exploiting the characteristics

of the so-called currently available "smart

materials", namely systems that, through

electromechanic, piezoelectric or shape-memory



actuation, allow modifying the position and/or

shape of structural elements, and in particular the

profile portion with respect to wind, by keeping

its shape.

The art anyway proposes profiles aiming to

improve functionality and performance of rotors in

general .

Examples of the above profiles are disclosed

in CA-Al-2429600, CN-A-143957 , US-A-5730581, US-A-

6648599, US-A1-2002018716, WO-A2-004 1501 , US-A-

6371415, EP-A-1788646, US-A-550558 9, DE-A-1531475,

US-A-4680923, US-A1-20110064579, US-A1-20100258680,

US-A-5137228, US-A-5681014 , US-Al-2008/149779, GB-

A-565634, US-A1-2006/022085 and FR-A1-2924681 .

In particular:

- CA2429600A1 very generically discloses the use.

of actuators to vibrate the surface layer of a

structure for miscellaneous uses;

CN-A-1439576, US-A-5730581, US-A-6648599, US-

Α1-20020187 and O-A2-00 1501 disclose the use of

piezoelectric or other actuators to modify the

twist of blades, or a portion thereof, of

helicopter rotors in order to modify its pitch only

changing the profile curvature by actuating a flap;

- US-A-6371415 discloses the use of



piezoelectric actuators applied to an aerodynamic

surface to simulate a classical moving control

surface (of the wing aileron type) ;

EP-A-1788646 very generally discloses a system

that uses piezoelectric actuators to generate a

torsion in a sandwich structure;

US-A-5505589 discloses the twist control of a

blade by managing the eccentric mass position that,

due to the centrifugal force, positions the portion

at a certain incidence angle;

DE-A-1531475 discloses the use of a coating

suitable to be twisted, that engages a series of

ribs that are keyed onto an hpropellerl profile,

allowing the reference portion to rotate when the

whole coating is moved along the opening;

- US-A-4680923 discloses an elastic coupling

structure composed of filaments twisted according

to a certain scheme and polymerised, that allow,

through their distortion under load due to a

suitable stress, generating a rotation of the

structure itself;

US-A1-20110064579 discloses the use of a thin

coating with open portion that allows, by moving

the two free edges, generating a portion rotation

around an axis parallel to the element opening;



US-A1-20100258680 and FR-A1-2914681 disclose

the portion rotation through two, piezoelectric and

electromechanic/hydropneumatic shear moving devices

and the presence of a flexible coating with open

portion, where the free edges are moved along the

opening direction;

US-A-5137228 discloses movements that apply

the principle of the axially-moved open portion to

generate a rotation and wherein the actuation

occurs through levers from the hub;

US-A-5681014, US-Al-2008/14 977 9 , GB-A-565634

and US-Al-2006/022085 disclose aerodynamic profiles

whose purpose is modifying the angular position

related to wind, defined by the twisting angle, of

a section of wing or carrier profile: such

modification is carried out with functionally and

structurally different actuating systems with

respect to the ones of the present Application.

Object of the present invention is providing

an aerodynamic profile with variable twist that

allows obtaining a more efficient operation from

the efficiency point of view through alternative

actuating systems with respect to those proposed by

the prior art.

Another object of the present invention is



providing an aerodynamic profile that, in addition

to being with variable pitch, is also with variable

twist, to allow obtaining an optimised operation

from the efficiency point of view.

Moreover, an object of the present invention

is providing a portion of aerodynamic profile in

which twist is variable continuously and

differently, spot by spot, along the opening of the

portion itself.

Another object of the present invention is

providing an aerodynamic profile in which twist can

be variable according to a twisting law that is

function of the opening of the profile itself,

therefore changing with the operating ratio,

obtaining a maximum efficiency for all possible

operating ratios.

The above and other objects and advantages of

the invention, as will appear from the following

description, are obtained with an aerodynamic

profile with variable twist as claimed in claim 1 .

Preferred embodiments and non-trivial variations of

the present invention are the subject matter of the

dependent claims .

It is clear that the enclosed claims form an

integral part of the present description.



It will be immediately obvious that numerous

variations and modifications (for example related

to shape, sizes, arrangements and parts with

equivalent functionality) could be made to what is

described, without departing from the scope of the

invention as will appear from the enclosed claims.

The present invention will be better described

by some preferred embodiments thereof, provided as

a non-limiting example, with reference to the

enclosed drawings, in which:

Figure 1 shows a schematic, top perspective

view of a preferred embodiment of the aerodynamic

profile with variable twist according to the

present invention;

- Figure 2 shows a side view of a preferred

variation of the aerodynamic profile with variable

twist according to the present invention;

Figure 3 shows a front perspective view of

another preferred variation of the aerodynamic

profile with variable twist according to the

present invention;

Figure 4 shows a front perspective view of a

further preferred variation of the aerodynamic

profile- w ith variable twist according to the

present invention;



Figure 5 shows a front perspective view of

another preferred variation of the aerodynamic

profile with variable twist according to the

present invention; and

- Figure 6 shows a side view of a further

preferred variation of the aerodynamic profile with

variable twist according to the present invention.

In general, in the following description,

twist variability will mean the possibility of

changing the relative twist of various aerodynamic

portions composing at least one aerodynamic profile

along the opening of the profile itself.

With reference to the Figures, it is possible

to note that the aerodynamic profile according to

the present invention comprises at least one

portion of aerodynamic profile 1 composed of at

least one first supporting profile 3a and at least

one second supporting profile 3b adapted to support

at least one layer of coating material (not shown)

of such portion of aerodynamic profile 1 , such

portion of aerodynamic profile 1 further comprising

at least first actuating means 5 adapted to

cooperate with at least one of such supporting

profiles 3a or 3b, for example the second profile

3b, to modify |∆θ | a value of incidence |θ | of such



profile 3b related to the other supporting profile

3a around at least one rotation axis R-R parallel

to the opening A of such portion of aerodynamic

profile 1 .

In this case, the first supporting profile 3a

remains therefore fixed with respect to the second

supporting profile 3b, that instead can be rotated

by first actuating means 5 around the rotation axis

R-R by a variable value |∆ Θj along both rotation

direction s -Θ or Θ, changing the twist of the

portion of aerodynamic profile 1 .

In addition, it is possible to provide that

the portion of aerodynamic profile 1 comprises both

the first actuating means 5 adapted to cooperate

with at least one of such supporting profiles 3a or

3b, for example the second profile 3b, to modify

∆θ the value of incidence |θ | of such profile 3b,

and second actuating means (not shown) , adapted to

cooperate with the other supporting profile 3b or

3a, for example the first profile 3a , to modify

|∆ Θ' a value of incidence |θ'| of such profile 3a

with respect to the other supporting profile 3b

around the rotation axis R-R parallel to the

opening A of such portion of aerodynamic profile 1 .

In this case, both the first supporting



profile 3a and the second supporting profile 3b are

rotated one with respect to the other around the

rotation axis -R by a related variable value

|∆ Θ'|,| ∆θ | along both respective rotation

directions -θ', θ' or -θ , Θ by their corresponding

actuating means, changing the twist of the portion

of aerodynamic profile 1 .

In addition, it is possible to provide that

the portion of aerodynamic profile 1 is rotated

around such rotation axis R-R to modify |∆ | the

pitch value ]O | of the portion of aerodynamic

profile 1 itself: in a first possible embodiment,

both such first and such second actuating means

rotate therefore their respective supporting

profile 3a, 3b by the same angle |∆ | as sign and

absolute value: such solution can be appreciated

and applicable in case of relatively small

increases or decreases |∆ | of the pitch value |cc|.

In an alternative embodiment, it is possible

to provide that the portion of aerodynamic profile

1 cooperates with third actuating means, such third

actuating means being adapted to wholly rotate such

portion of aerodynamic profile 1 around the

rotation axis R-R to modify |∆ | the pitch value



| | of the portion of aerodynamic profile 1 . In

this case, therefore, the whole portion of

aerodynamic profile 1 is rotated, by the third

actuating means, around the rotation axis R-R by a

variable value | ∆ | along both respective rotation

directions - a or a , consequently changing the pitch

of the portion of aerodynamic profile 1 .

Advantageously, therefore, by suitably

changing the twist | ∆ Θ' | and/or |∆ Θj and/or the

pitch ∆θ j, it is possible to provide the portion

of aerodynamic profile 1 with an optimised

aerodynamic shape, from the efficiency point of

view, for any condition or operating ratio and

variable, even continuously in time, when such

condition or ratio changes.

Obviously, therefore, the absolute values

| ∆ Θ ' | , | ∆ θ | and | ∆ | can be wholly variable and

preferably function of the optimum aerodynamic

shape that has to be given to the portion of

aerodynamic profile 1 .

According to the invention, as it is possible

to note in the Figures, each supporting profile 3a,

3b is at least one rib suitably shaped in order to

profile the suitable shape of the portion of



aerodynamic profile 1 , such profiles being

structurally joined by at least one supporting spar

7 coaxial with the rotation axis R-R. In

particular, at least one end of such spar 7 is

operatively connected to third actuating means to

allow the rotation -∆ , ∆ for modifying the pitch.

Obviously, the layer of coating material (not

shown) of the portion of aerodynamic profile 1 is

made of any material suitable to be both resistant

and deformable to torsion and to traction /

compression in order to allow the changes of twist

|∆ Θ'|,| ∆θ | of the portion of aerodynamic profile 1 .

Obviously, the aerodynamic profile according

to the present invention can be composed of a

plurality of portions of aerodynamic profile 1 like

the one described above, such portions of

aerodynamic profile 1 being mutually connected and

arranged in series along the common rotation axis

R-R.

In a possible embodiment thereof, the

aerodynamic profile according to the present

invention can be a blade of an aeronautic propeller

or the blade of a windmill. In the first case, the

propeller obtains the optimum efficiency when the

operating ratio changes, and therefore when the



whole flight envelope of the airplane on which it

is assembled, changes.

In the second case, the propeller keeps

constant the optimum operating ratio for the type

of windmill on which it is assembled (the one that

allows more shortly approaching the theoric Betz

limit) , namely the propeller changes its twist so

that, when wind is actually present, the number of

rotation revolutions determines the optimum

operating ratio. More in general, the aerodynamic

profile according to the present invention can

advantageously allow controlling (regarding

rotation speed, vibration amplitude, resisting

torque) any generic rotary member subjected to

aerodynamic actions, such as propellers, rotors,

fans, windmills.

Alternatively, the aerodynamic profile can be

an . actual wing profile. In this case,

advantageously, the aerodynamic profile according

to the present invention, due to its variable twist

given by the wind along its opening, allows

reaching further different purposes, such as, for

example, controlling aero-elastic distortions,

controlling vibrations of arr nature,

manoeuvring the airplane of which the wing is a



member, etc.

The actuating means can obviously be of any

type suitable for the object of the present

invention, in order to allow variations of twist

J Θ' , ∆θ and pitch |∆ | of the portion of

aerodynamic profile 1 .

For example, the actuating means can

indifferently be of an electric, electro

mechanical, piezoelectric, pneumatic or S A (Shape

Memory Alloy) type.

In particular, the first and second actuating

means can apply an actuation of the linear type

(such as, for example, the embodiments shown in

Figures 2 an 3 ) or of the rotary type (such as,

for example, the embodiments shown in Figures 4 , 5

and 6 ) .

For example, with reference to Figures 2 and

3 , i t is possible to note that the first 5 and/or

second actuating means can comprise at least one

linear actuator 9 , such as for example a pneumatic,

hydraulic, oleodynamic piston, etc., having a first

end 9a suitably connected to its related supporting

profile, for example the second supporting profile

3b, and a second end 9b suitably connected to the

spar 7 : the extension or shortening of such linear



actuator 9 therefore generates the simultaneous

rotation -∆θ , ∆ Θ o f the supporting profile 3b

around the rotation axis R-R, and in particular

around the spar 7 o f the cylindrical type, like the

one shown for example in Figure 2 .

Alternatively, a s shown for example in Figure

3 , the spar 7 can have a polygonal portion.

With reference instead t o Figure 4 , it i s

possible t o note that the first 5 and/or second

actuating means can comprise a t least one motor 1 1

integral with its related supporting profile, for

example the second supporting profile 3b, such

motor 1 1 having a t least one driving crown 1 3

meshing with a t least one sector 1 5 o f driven crown

integral with the spar 7 and having a rotation axis

coincident with the rotation axis R-R, such

supporting profile being therefore rotating -∆θ , ∆ Θ

around such spar 7 under the rotation action o f the

driving crown 1 3 imposed b y the motor 11.

With reference instead t o Figure 5 , i t i s

possible t o note that the first 5 and/or second

actuating means can comprise a t least one motor 1 7

integral with the spar 7 , such motor 1 7 having a t

least one driving crown 1 9 meshing with a t least

one sector 2 1 o f driven crown integral with its



related supporting profile, for example the second

supporting profile 3b, and having a rotation axis

coincident with the rotation axis R-R, such

supporting profile being therefore rotating -∆θ , ∆ Θ

around such spar 7 under the rotation action of the

driving crown 19 imposed by the motor 17.

With reference instead to Figure 6 , it is

possible to note that the first 5 and/or second

actuating means can comprise at least one motor 23

integral with its related supporting profile, for

example the second supporting profile 3b, such

motor 23 having at least one driving crown 25

meshing with at least one driven crown 27 integral

with the spar 7 and having a rotation axis

coincident with the rotation axis R-R, such

supporting profile being therefore rotating -∆θ , ∆ Θ

around such spar 7 under the rotation action of the

driving crown 25 imposed by the motor 23: in such

embodiment, moreover, the supporting profile

cooperates with the spar 7 by interposing at least

two idle crowns 29 connected to the supporting

profile and meshing with such driven crown 27.



CLAIMS

Aerodynamic profile comprising at least one

portion of aerodynamic profile (1) composed of

at least one first supporting profile (3a) and

at least one second supporting profile (3b)

adapted to support at least one layer of coating

material of said portion of aerodynamic profile

(1), said portion of aerodynamic profile (1)

further comprising at least first actuating

means (5) adapted to cooperate with at least one

of said supporting profiles (3a) or (3b) to

modify |∆θ | a value of incidence |θ | of said

profile with respect to the other supporting

profile around at least one rotation axis (R-R)

parallel with an opening (A) of said portion of

aerodynamic profile (1), characterised in that:

said supporting profile (3a, 3b) is at least one

rib shaped in order to profile a suitable shape

of said portion of aerodynamic profile (1) ; said

supporting profiles (3a, 3b) are structurally

joined by at least one supporting spar (7)

coaxial with said rotation axis (R-R) ; said

portion of aerodynamic profile (1) is adapted to

cooperate with third actuating means adapted to

integrally rotate said portion of aerodynamic



profile (1) around said rotation axis (R-R) to

modify J∆ | a pitch value | | of said portion of

aerodynamic profile (1); at least one end o f

said spar (7) is operatively connected to said

third actuating means to allow said rotation

(-∆ , ∆ ) to modify said pitch; and said layer

of coating material is made of a resistant

material which is deformable by torsion and

tract ion/ compress ion .

Aerodynamic profile according to claim 1 ,

characterised in that said portion o f

aerodynamic profile. (1) comprises said first

actuating means (5) adapted to cooperate with at

least one of said supporting profiles (3a) or

(3b) to modify |∆θ | said value of incidence |θ |

of said profile (3b), and in that said portion

of aerodynamic profile (1) comprises second

actuating means adapted to cooperate with the

other one of said supporting profiles (3b) or

(3a) to modify ∆θ ' | a value of incidence |θ ' |

of said profile (3a) with respect to the other

supporting profile (3b) around said rotation

axis (R-R) .

Aerodynamic profile according to claim 2 ,

characterised in that both said first and said



second actuating means are adapted to rotate a

respective supporting profile (3a, 3b) by a same

angle |∆ | to modify a pitch value |o | of said

portion of aerodynamic profile (1) .

Aerodynamic profile according to any one of the

previous claims, characterised in that it is

composed of a plurality of said portions of

aerodynamic profile (1) mutually connected and

arranged in series along a common rotation axis

(R-R) -

Aerodynamic profile according to any one of the

previous claims, characterised in that it is a

blade of an aeronautic or windmill propeller.

Aerodynamic profile according to any one of

claims 1 to 4 , characterised in that it is a

wing profile.

Aerodynamic profile according to any one of the

previous claims, characterised in that said

actuating means are of an electric, electro

mechanical, piezoelectric, pneumatic or Shape

Memory Alloy, SMA, type.

Aerodynamic profile according to any one of

claims 2 to 7 , characterised in that said first

(5) and/or second actuating means are adapted to

apply an actuation of a linear type.



9 . Aerodynamic profile according to claim 8 ,

characterised in that said first (5) and/or

second actuating means comprise at least one

linear actuator (9) having a first end (9a)

connected to a related supporting profile and a

second end (9b) connected; to said spar (7) .

10. Aerodynamic profile according to any one of

claims 2 to 7 , characterised in that said first

(5) and/or second actuating means are adapted to

apply an actuation of a rotary type.

11. Aerodynamic profile according to claim 10,

characterised in that said first (5) and/or

second actuating means comprise at least one

motor (11) integral with said supporting

profile, said motor (11) having at least one

driving crown (13) meshing with at least one

sector (15) of driven crown integral with said

spar (7) and having a rotation axis coincident

with said rotation axis (R-R) .

12. Aerodynamic profile according to claim 10,

characterised in that said first (5) and/or

second actuating means comprise at least one

motor (17) integral with said spar (7), said

motor (17) having at least one driving crown

(19) meshing with at least one sector (21) of



driven crown integral with said supporting

profile and having a rotation axis coincident

with said rotation axis (R-R) .

13. Aerodynamic profile according to claim 10,

characterised in that said first (5) and/or

second actuating means comprise at least one

motor (23) integral with said supporting

profile, said motor (23) having at least one

driving crown (25) meshing with at least one

driven crown (27) integral with said spar (7)

and having a rotation axis coincident with said

rotation axis (R-R) , said supporting profile

cooperating with said spar (7) by interposing a

least two idle crowns (29) connected to said

supporting profile and meshing with said driven

crown (27 ).















A . CLASSIFICATION O F SUBJECT MATTER

INV. B64C3/52
ADD.

According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B64C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 5 681 014 A (PALMER HARRY W [US] ) 1-13
28 October 1997 (1997-10-28)
f i gures 1-4
col umn 4 , l i ne 41 - col umn 5 , l i ne 8

US 2008/149779 Al (PHI LLI PS WARREN F [US] ) 1-13
26 June 2008 (2008-06-26)
abstract
f i gures 16-19
paragraph [0148] - paragraph [0149]

GB 565 634 A (PHI LLI PS & P0WIS AI RCRAFT 1-13
LTD; GEORGE HERBERT MI LES)
20 November 1944 (1944-11-20)
f i gures

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n o r after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot b e considered to involve a n inventive

"L" documentwhich may throw doubts o n priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve a n inventive step when the document is

"O" document referring to a n oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

13 February 2013 20/02/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
N L - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Estrel a Cal pe, Jordi



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2006/022085 Al ( FERMAN MARTY A [US] 1-13
FERMAN MARTY ALLEN [US] )
2 February 2006 (2006-02-02)
f i gure 1
abstract

FR 2 924 681 Al (0NERA (OFF NAT
AEROSPATIALE) [FR] )
12 June 2009 (2009-06-12)
abstract
c l aim 8
f i gures



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 5681014 A 28 -10 -1997 NONE

us 2008149779 Al 26-06 -2008 US 2008149779 Al 26-06 -2008
US 2011101171 Al 05 -05 -2011

GB 565634 A 2 -11 -1944 NONE

US 2006022085 Al 02 -02 -2006 NONE

FR 2924681 Al 12 -06 -2009 AT 543727 T 15 -02 -2012
EP 2214960 A2 11-08 -2010
ES 2381742 T3 31-05 -2012
FR 2924681 Al 12 -06 -2009
US 2010258680 Al 14 -10 -2010
O 2009103865 A2 27-08 -2009


	abstract
	description
	claims
	drawings
	wo-search-report

