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(57) ABSTRACT 
A Wing, particularly an airfoil of an aircraft, having a 
changeable pro?le, Which extends in the Wing depth direc 
tion (5) running essentially in the How direction and trans 
versely thereto in the Wing span direction and has a ?rst 
planking (55a) and a second planking (55b), and having a 
?exible area (11), through Which the pro?le of the Wing (1) 
is adjustable, is described. The ?exible area (11) may 
comprise one or more than one vortex elements (154") 
extending in a longitudinal direction, Which are connected to 
one another in an articulated Way on their longitudinal sides 
in a prede?ned dimension via joint areas (169") and 
between Which the ?rst planking (55a) and the second 
planking (55b) are provided, the vortex elements (154") 
having a transmission area (164"), Which runs transversely 
to their longitudinal direction and is connected to the ?rst 
planking (55a), and a drive or adjustment area (163"), Which 
is at a distance in the vertical direction and is coupled to an 
adjustment mechanism (505") for moving the vortex ele 
ments (154") around the joint areas (169“), the adjustment 
mechanism (505") containing one or more lever elements 
(507“), Which are coupled between the drive or adjustment 
area (163") of the lever elements (154") and the second 
planking (55b) and are rotatable or pivotable by one or more 
drive elements (509") so as to mutually displace drive or 
adjustment area (163") and second planking (55b) to change 
the Wing pro?le in response to a corresponding externally 
supplied control signal. 
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Fig.7 
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Fig.8 
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Fig.12 
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WING, PARTICULARLY AIRFOIL OF AN 
AIRCRAFT, HAVING CHANGEABLE PROFILE 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of the ?ling date 
of US. Provisional Patent Application No. 60/ 631,341 ?led 
Nov. 29, 2004, and of German Patent Application No. 10 
2004 045 651.8 ?led Sep. 21, 2004, the disclosures ofWhich 
are hereby incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The ?eld relates to aircraft Wing lift and control 
surfaces. 

BACKGROUND 

[0003] Control ?aps are used for changing the shape of a 
Wing, which affects the lift and direction of an aircraft. 
Conventional control ?aps are manufactured using rigid 
parts. Fluid ?oW over the surfaces of the Wing and the ?aps 
is less than optimal aerodynamically over the full range of 
motion of these rigid control ?aps. The load distribution 
over such rigid control ?aps is not favorable, because large 
local stresses are located at the points of connection betWeen 
the Wing and the control ?aps. 

[0004] Depending on context the term ?exible may mean 
adaptable, variable, capable of change or pliable. Flexible is 
used in its broadest reasonable de?nition Within context. 

SUMMARY OF THE INVENTION 

[0005] The shape of a control ?ap of the present invention 
is locally adjustable, providing a changeable pro?le. The 
Wing is extendable in the Wing depth direction along the 
direction of ?uid ?oW. The Wing is also extendable in the 
direction of the Wingspan. 

[0006] In one embodiment, a Wing has a ?exible area 
comprising at least one vortex element having a transmis 
sion area and an adjustment area. The transmission area 
extends transversely to the longitudinal direction of the 
vortex element. The adjustment area is at a distance in the 
vertical direction from the transmission area, alloWing the 
Wing to extend in the Wing depth direction along the 
direction of ?uid ?oW and the transverse direction along the 
Wingspan, adjusting the Wing pro?le. The vortex element 
may be articulatedly connected to the Wing on longitudinal 
sides of the vortex element, alloWing an adjustment mecha 
nism to move the vortex element around. The ?exible area 
is adapted to adjust the pro?le of the Wing. Joint areas couple 
the adjustment mechanism to the adjustment area. At least 
one lever element is coupled betWeen the adjustment area of 
the vortex element and planking, and the at least one lever 
element is capable of being rotated or pivoted by a drive 
element such that the adjustment area and planking change 
the Wing pro?le in response to a corresponding externally 
supplied control signal. 

[0007] There are many advantages of the Wing of the 
present invention. Among these advantages are the ability to 
better optimiZe ?uid ?oW over the Wing and control ?ap 
surfaces and the ability to reduce stress concentrations at 
?xed attachment points betWeen control surfaces and the 
?xed portion of the Wing. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The folloWing draWings illustrate examples of a 
Wing according to present invention. 

[0009] FIG. 1 shoWs an isometric vieW of a Wing, Which 
Wing has a ?exible Wing region on its front edge and on its 
rear edge, as Well as on its outer end; 

[0010] FIG. 2 shoWs a section in the ?oW or Wing depth 
direction through the Wing shoWn in FIG. 1; 

[0011] FIG. 3 shoWs a top vieW of the Wing of the 
exemplary embodiment illustrated in FIGS. 1 and 2; 

[0012] FIG. 4 shoWs a perspective illustration of tWo 
different adjustment states of an airfoil having pro?le cables 
additionally shoWn; 

[0013] FIG. 5 shoWs a section in bending direction of a 
variable or ?exible Wing area according to an exemplary 
embodiment of the Wing, Wherein the ?exible area being 
formed by multiple vortex elements, Which are extended in 
a longitudinal direction and positioned betWeen a ?rst plank 
ing and a second planking of the Wing; 

[0014] FIG. 6 shoWs a schematic illustration of the Wing 
shoWn in FIG. 5 in a curved position, Which is particularly 
used to explain an adjustment mechanism provided for 
changing the Wing pro?le; 

[0015] FIG. 7 shoWs an enlarged perspective vieW Which 
shoWs a detail of the adjustment mechanism cited; 

[0016] FIG. 8 shoWs an enlarged illustration Which illus 
trates an embodiment of an articulated connection betWeen 
vortex elements contained in the ?exible Wing area and a 
planking of the airfoil; 

[0017] FIGS. 9 and 10 shoW lateral sectional vieWs of 
spacers Which hold the ?rst planking and the second plank 
ing of a Wing at a prede?ned distance and simultaneously 
alloW relative displacement of the tWo in a prede?ned 
direction; 

[0018] FIG. 11 shoWs a section in the bending direction 
through a changeable or ?exible area of the Wing according 
to another example of the present invention. The ?exible 
area is formed by multiple vortex elements, Which are 
extended in a longitudinal direction and positioned betWeen 
a ?rst planking and a second planking of the Wing, in the 
extended position; 

[0019] FIG. 12 and FIG. 13 each shoW a section through 
the ?exible Wing area according to the exemplary embodi 
ment shoWn in FIG. 11 in a position curved doWn or curved 
up, respectively; 

[0020] FIG. 14 shoWs an enlarged detail from FIG. 11 to 
explain the construction and mode of operation of the 
?exible Wing area in its particulars; 

[0021] FIG. 15 shoWs a further enlarged detail from FIG. 
14 to explain a preferred type of connection betWeen vortex 
elements contained in the ?exible Wing area and the plank 
ing of the Wing; 

[0022] FIG. 16 shoWs another embodiment of the adjust 
ment mechanism used for adjusting the ?exible Wing area; 
and 
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[0023] FIGS. 17a) and b) show a ?exible Wing area in the 
extended and in the curved position, respectively. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0024] An airfoil of an aircraft in the form of a delta Wing, 
Which has multiple shape-variable or ?exible Wing areas 
according to one embodiment of the Wing, is illustrated in 
FIGS. 1 through 3. However, the Wing 1 may be any Wing 
of any shape used for lift and control through a ?uid 
medium. The control surfaces may be used for in?uencing 
?uid ?oW. 

[0025] In the airfoil of an aircraft illustrated in FIGS. 1 
through 3, shape-variable Wing areas 11, 12, 15 are pro 
vided, Which may be provided for controlling the aircraft, 
but also for other purposes, for example, to in?uence the 
structure load. 

[0026] The airfoil or Wing 1 of an aircraft is illustrated in 
FIG. 1. The airfoil 1 comprises a supporting area 2, formed 
by at least one Wing box 3, Which extends from a root area 
9 to a Wing tip area 14. The Wing box may have multiple 
spars 21, 22, 23, 24, some of Which are particularly empha 
siZed in FIGS. 1 and 2. The Wing 1 comprises three different 
shape-variable Wing areas 11, 12, 15. Alternatively, the Wing 
1 may be formed as a Whole by one shape-variable Wing 
area. 

[0027] As shoWn in FIG. 2, the Wing 1 is provided With a 
?rst planking 55a and a second planking 55b. The depth 
arroW 5 illustrates the direction of the Wing depth, Which is 
approximately the direction of ?uid ?oW over the Wing or 
approximate ?oW direction in relation to the Wing 1, While 
the span arroW 10 illustrates the Wing span direction. 

[0028] The Wing 1 may have a one-piece front edge area 
11 or, alternatively, a front edge area 11 divided into multiple 
segments 1111, such as illustrated in FIG. 3. The Wing 1 may 
have a one-piece rear edge area 12 or, alternatively, a rear 
edge area 12 divided into multiple segments 1211. Further 
more, the Wing 1 has a Wing tip or Wing end area 15, Which 
may be one-piece or may be formed by multiple segments 
15a, as shoWn again in FIG. 3. The front edge area 11, the 
rear edge area 12, and the Wing tip or Wing end area 15 are 
each examples of the present invention either taken along or 
in combination With the supporting area 2 of the Wing. The 
Wing may also be designed differently than the Wing illus 
trated in FIGS. 1-3. For example, the adjustable area of the 
Wing 1 does not have extend over the entire Wing span Width 
10, as shoWn in FIGS. 1-3, but rather may extend over only 
a partial Zone of the airfoil 1. 

[0029] In FIGS. 1 through 3, the front edge area 11, the 
rear edge area 12, and the Wing tip or Wing end area 15 form 
?exible or variable areas of the airfoil 1. 

[0030] FIG. 4 shoWs, for example, an airfoil 1, in Which a 
?exible area 15 extends diagonally and obliquely over the 
supporting area 2, from Which the tWo adjustment states, 
illustrated using solid lines and/ or using dashed lines, and all 
adjustment states of the Wing tip area 14, 15 lying betWeen 
them may be illustrated. The pro?le cables 16 additionally 
shoWn in FIG. 4 make the type of the change of the Wing 
pro?le clear. 

[0031] As is shoWn from FIGS. 1 and 3, the ?exible area 
15 Which connects the Wing tip area 14 to the supporting 
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area 2 of the Wing 1 is positioned near the Wing end and runs 
obliquely to the Wing depth direction 5 from the front edge 
area 11 to the rear edge area 12. A control or trimming 
function may be ful?lled by adjusting the pro?le of the 
?exible area 15 and the Wing tip area 14. The Wing load may 
also be changed or minimiZed in connection With a corre 
sponding control or regulation unit. 

[0032] FIGS. 5 and 6, 11 through 14, and 17 each shoW, on 
the basis of preferred exemplary embodiments, an adjust 
ment mechanism, Which is used to adjust the pro?le shape 
of a shape-variable Wing area. The longitudinal direction X 
of the adjustment mechanism and/or of the shape-variable 
Wing area lying in the plane of the draWing of the ?gures 
runs obliquely to the Wing depth direction 5 or parallel 
thereto, depending on the sWeep of the Wing 1. The height 
or vertical direction Y of the adjustment mechanism runs 
perpendicularly to the longitudinal direction X, also in the 
plane of the draWing. 

[0033] As the cross-sectional vieW of FIGS. 5 and 6, 11 
through 14, and 17 shoWs, the shape-variable or ?exible 
Wing area, Which may be the area 11, 12, or 15 shoWn in 
FIGS. 1 through 3, for example, comprises multiple vortex 
elements 154; 154'; 154", located betWeen the ?rst planking 
55a and second planking 55b, Which are positioned one 
behind another vieWed in relation to the longitudinal direc 
tion X of the shape-variable Wing area and are connected to 
one another in an articulated Way in a prede?ned dimension 
by joints or joint areas 169, 200; 169'; 169". The vortex 
elements 154; 154'; 154" may be produced from box-shaped 
or similarly designed elements. They may be extended in a 
transverse direction Z, Which runs perpendicularly to the 
longitudinal direction X and therefore perpendicularly to the 
plane of the draWing in the ?gures cited. The vortex ele 
ments 154; 154'; 154" illustrated in the ?gures cited have, in 
section, an essentially triangular basic shape, but they may 
also have a different basic shape, such as quadrilateral basic 
shape. 
[0034] The vortex elements 154 shoWn in FIGS. 5 and 6 
have a transmission area 164, placed near the ?rst planking 
55a, Which extends parallel to and beloW the ?rst planking 
55a. Alternatively, the ?rst planking 55a may itself be 
formed from the transmission areas 164'; 164" of the vortex 
elements 154'; 154" positioned one behind another, as is 
shoWn in the exemplary embodiment illustrated in FIGS. 11 
through 14 and 17, Which Will be explained in greater detail 
later. For this purpose, the ?rst planking 55a is assembled 
using the segments forming the transmission areas 164'; 
164" as facets, Which segments are implemented as planar in 
this case. 

[0035] The ?rst planking 5511 may be the upper planking, 
as illustrated in the exemplary embodiments, but it may also 
be the loWer planking. The vortex elements 154 may be 
formed, as in the case illustrated, from box-shaped elements 
or even from rod-shaped or rib-shaped elements or from 
other types of elements or also from plate-shaped elements. 

[0036] For the exemplary embodiments illustrated in 
FIGS. 5 and 6 and/or 11 through 14 and/or 17, a drive or 
adjustment area 163; 163'; 163" of the vortex elements 154; 
154'; 154" is provided in the height or vertical direction Y at 
a distance from the transmission area 164; 164'; 164", on 
Which an adjustment mechanism, provided overall With 
reference numbers 160; 160'; 160", engages for the purpose 












