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(57) ABSTRACT 

Compliant mechanisms are arranged to enable airfoil and 
other structures to adapt their shapes to different ?ight 
conditions and thereby achieve optimum liftzdrag ratios in 
plural ?ight conditions. The compliant mechanisms can be 
formed integrally Whereby a compliant frame thereof, or the 
skin of the airfoil, undergo elastic or other deformation to 
produce the desired displacements in direct response to 
applied forces. In an airfoil context, shape changes can be 
effected by the leading and trailing edges of the entire airfoil 
system. In addition, the driver arrangements of the compli 
ant mechanisms can be controlled individually to effect a 
desired surface contour throughout the length of the Wing, 
illustratively a tWist therein. 
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SYSTEM FOR VARYING A SURFACE CONTOUR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to systems for 
producing adjustable surface contours, such as for control 
surfaces for aircraft, and more particularly, to a system that 
produces a variable surface contour of a compliant, continu 
ous surface 

[0003] 2. Description of the Related Art 

[0004] A need for surfaces having an adjustable or vari 
able contour is present in a Wide variety of applications, 
ranging from aircraft control surfaces to specialiZed furni 
ture. Absent the ability to vary the surface contour in any 
such application results in the creation of products and 
systems that are not optimally designed, but instead are 
con?gured as compromises betWeen con?icting design 
goals. In the case of airfoils for aircraft, it is knoWn that 
overall drag results from the combination of friction 
betWeen the airfoil and the air ?oWing therearound, and the 
lift component of force supplied to an aircraft Wing. In such 
an application, innumerable variations can be affected 
betWeen airfoil thickness, airfoil camber, airfoil length and 
Width, and the like. The conventional airfoil, therefore, is but 
the implementation of an engineering compromise to effect 
an acceptable liftzdrag ratio, Which is a primary ?ight control 
parameter. There is a need, therefore, for an arrangement 
that enables advantageous variation in the shape of an airfoil 
and the contour of the associated control surfaces. 

[0005] There is a need for an arrangement for varying the 
dimensions and contours of airfoils, such as aircraft Wings, 
so as to optimiZe same for different ?ight conditions Thus, 
for eXample, the Wing con?guration that Would be optimum 
for stable, undisturbed ?ight, Would be different from the 
Wing con?guration that Would be optimiZed during take-off 
and landing It Would additionally be advantageous if the 
contour of the airfoil is adjusted in a manner that is not 
constant throughout the length of the airfoil, but Which 
varies, illustratively to form a tWist along the control surface 
of the Wing. There is a need for optimiZing the con?guration 
and contour of such surfaces in other applications, such as 
in hydrofoils for Water craft and spoilers for high speed land 
vehicles 

[0006] In addition to the foregoing, there is a need for a 
system that affords advantageous variation of a surface 
contour for applications unrelated to airfoils, hydrofoils, 
spoilers, and the like. Such other applications may include, 
for eXample, adjustable seating surfaces, including back 
supports as Well as ?uid passageWays, the dimensions of 
Which are desired to be varied, such as an air intake 
passageWay for an engine of a vehicle. 

[0007] It is, therefore, an object of this invention to 
provide a simple and economical arrangement for varying a 
contour of a surface. 

[0008] It is also an object of this invention to provide an 
airfoil having an adjustable con?guration. 

SUMMARY OF THE INVENTION 

[0009] The foregoing and other objects are achieved by 
this invention Which provides in a ?rst apparatus aspect 
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thereof an arrangement for producing a variable contour of 
a compliant surface. In accordance With the invention there 
is provided a compliant frame member having a predeter 
mined contour arranged to communicate With the compliant 
surface. An actuator element is arranged in predetermined 
?rst relation With respect to the compliant frame member, 
and there is further provided at least one linkage member 
coupled at a ?rst end thereof to the compliant frame member, 
and at a second end thereof to the actuator element. With this 
arrangement, displacement of the actuator element results in 
a corresponding displacement of the contour of the compli 
ant frame member. The linkage element has a predetermined 
resilience characteristic. 

[0010] In one embodiment, the predetermined resilience 
characteristic of said linkage element has a directional 
aspect. Such a directional aspect of the predetermined resil 
ience characteristic can correspond to a resilient compres 
sion characteristic, and in other embodiments, to a resilient 
lateral de?ection characteristic. A resilient lateral de?ection 
characteristic Would correspond to a resilient lateral beam 
load response. 

[0011] In an advantageous embodiment of the invention, 
the compliant frame member, the actuator element, and the 
linkage element are integrally formed In a further embodi 
ment, the displacement of the actuator element is transmitted 
via the linkage element to produce a substantially orthogonal 
displacement of the compliant frame member Thus, the 
displacement of the actuator element and the corresponding 
displacement of the compliant frame member are not nec 
essarily in the same plane. 

[0012] In a further embodiment there is provided a plu 
rality of further linkage elements, each coupled at a respec 
tive ?rst end thereof to the compliant frame member at a 
predetermined location thereof. The plurality of further 
linkage elements are each coupled at a second end thereof to 
the actuator element. Displacement of the actuator element 
results in a corresponding displacement of a contour of the 
compliant frame member. In embodiments Where the actua 
tor element has a determined con?guration, the plurality of 
further linkage elements are each coupled at respective 
second ends thereof at predetermined locations of the actua 
tor element. The actuator element may be displaced angu 
larly to achieve a desired displacement of the compliant 
frame member and thereby achieve a predetermined corre 
sponding displacement of the contour of the compliant 
frame member. Such angular displacement may be in the 
form of rotation in a direction parallel to the plane of the 
compliant frame member, or about an aXis substantially 
parallel to that plane, Whereby the actuator element is 
rotatable in a direction transverse to the plane of the com 
pliant frame element. 

[0013] In a further embodiment of the invention, there is 
provided a second actuator element coupled to the actuator 
element. An additional linkage element is coupled at a ?rst 
end thereof to the compliant frame member at a predeter 
mined location thereof, and at a second end thereof to the 
second actuator elements. In this manner, displacement of 
the second actuator element, in response to displacement of 
the actuator element, results in a determinable displacement 
of the contour of the compliant frame member, and conse 
quently, achieves a desired change in the contour of the 
compliant surface In one embodiment of the invention, a 
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plurality of further linkage elements are each coupled at a 
respective ?rst end thereof to the compliant frame member 
at a predetermined location thereof, and at a second end 
thereof to the actuator element The linkage element and the 
further linkage elements halve a determined compliance 
characteristic that enables transmission there along of a load 
to the compliant frame, Whereby a rotatory displacement of 
the actuator element results in a corresponding displacement 
of the contour of the compliant frame member In a further 
embodiment, the actuator element is displaced radially, and 
such radial displacement causes to be transmitted along the 
various linkage elements, in a manner that corresponds to 
their respective compliance characteristics, a load that is 
delivered to the compliant frame member. 

[0014] As previously stated, the compliant surface, the 
contour of Which advantageously is varied in accordance 
With the invention herein, is the surface of an airfoil. In such 
an embodiment, the airfoil is adjusted in its con?guration to 
achieve optimiZation for a particular ?ight condition. HoW 
ever, the present invention provides advantages in airfoils 
that are not directly related to ?ight, such as effecting an 
effective deicing procedure of the surface of an airfoil. The 
advantageously adjustable surface contour of the present 
invention can be applied to the surface of a rotor blade of a 
rotary Wing aircraft, or the surface of a hydrofoil. Also, the 
compliance surface can be arranged in an air inlet of an 
engine or other ?uid passageWay to effect desired ?uid ?oW 
characteristics. 

[0015] In accordance With a further apparatus aspect of the 
invention, there is provided an airfoil of a type having a 
substantially longitudinal aXis arranged transverse to a direc 
tion of travel of the airfoil through a ?uid medium. The 
airfoil is provided With a deformable control surface that 
eXtends along a substantially longitudinal aXis of the airfoil 
Aplurality of compliant deformation arrangements are dis 
posed sequentially along the substantially longitudinal aXis 
of the airfoil, each of the plurality of compliant deformation 
arrangements having a respectively associated input for 
receiving an input force, and being arranged to communicate 
With the deformable control surface for deforming same in 
response to the input force that is applied to each of the 
plurality of compliant deformation arrangements. There is 
additionally provided a plurality of force transmission ele 
ments, each associated With a respective one of the inputs of 
the plurality of compliant deformation arrangements. The 
force transmission elements apply the input force to the 
respectively associated one of the plurality of compliant 
deformation arrangements for displacing same correspond 
ingly In this manner, the deformable control surface is 
responsively deformed 

[0016] In one embodiment, the force transmission ele 
ments have a directional predetermined resilience charac 
teristic Such a directional predetermined resilience charac 
teristic can correspond to a resilient compression 
characteristic, and in other embodiments, to a resilient 
lateral de?ection characteristic A resilient lateral de?ection 
characteristic Would correspond to a resilient lateral beam 
load response, as previously noted. 

[0017] In one embodiment of this further aspect of the 
invention, the plurality of force transmission elements are 
each coupled to a drive system. The drive system may 
include a drive shaft that eXtends substantially parallel to the 
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substantially longitudinal aXis of the airfoil. The force 
transmission elements are each engaged With the drive shaft, 
each such engagement being characteriZed by a respectively 
associated mechanical advantage characteristic that deter 
mines a corresponding eXtend of deformation of the deform 
able control surface. For eXample, the mechanical advantage 
characteristic may be determined by a screW thread pitch 
and the direction of rotation. 

[0018] Further in accordance With this further aspect of the 
invention, there is additionally provided a plurality of sec 
ond compliant deformation arrangements, each having a 
respectively associated input for receiving a respective input 
force and arranged to communicate With the deformable 
control surface for deforming same in response to the 
respective input force applied to each of the plurality of 
second compliant deformation arrangements. 

[0019] In one highly advantageous embodiment of this 
further aspect of the invention, there is provided a drive 
controller associated With the drive system for controlling 
the operation thereof in accordance With a selected drive 
scheme for producing a predeterminable deformation con 
tour of the deformable control surface along the substan 
tially longitudinal aXis of the airfoil In one embodiment, the 
predeterminable deformation contour of the deformable 
control surface is selected in response to an operating 
condition of the airfoil. Such an operating condition, in the 
conteXt of a Wing of an aircraft, may include a normal ?ight 
condition, a landing condition, a takeoff condition, or any 
other condition Wherein a predetermined primary ?ight 
control characteristic is desired, such as a tailored lift-draft 
ratio In addition, there is additionally provided a memory 
arrangement for storing data responsive to a plurality of 
selectable drive schemes for achieving a plurality of prede 
terminable deformation contours of the deformation control 
surface corresponding to the respective operating conditions 
of the airfoil. It may be desirable in some embodiments of 
the invention to effect an overall predeterminable deforma 
tion contour for a Wing of an aircraft that corresponds to a 
tWist thereof along the length of the airfoil. In achieving 
such a tWist condition, the various sequential compliant 
deformation arrangements are driven in characteristically 
different drive conditions to effect the Wing tWist. 

[0020] In accordance With a still further apparatus aspect 
of the invention, there is provided an arrangement for 
varying a surface contour in response to displacement of an 
actuator element. In accordance With this aspect of the 
invention, there is provided a compliant surface having a 
predetermined surface contour on a ?rst side thereof. A 
compliant frame member having a ?rst predetermined con 
tour characteristic and arranged to communicate With a 
second side of the compliant surface is provided, Whereby an 
aspect of the ?rst predetermined contour characteristic is 
imparted to the compliant surface. A linkage element is 
arranged to be coupled at a ?rst end thereof to the compliant 
frame member and at a second end thereof to the actuator 
element. In this manner, displacement of the actuator ele 
ment results in a corresponding variation in the contour of 
the compliant frame member. Additionally, there is provided 
a drive arrangement for displacing the actuator element With 
respect to the compliant frame member. 

[0021] In one embodiment of the invention, the compliant 
frame member, the actuator element, and the linkage ele 



US 2003/0102411 A1 

ment are integrally formed With one another. Such integral 
formation may be of a compliant polymeric material 

[0022] The linkage element has a predetermined compli 
ance characteristic, and in some embodiments, may be 
substantially rigid The dimensions, curvature, and compli 
ance characteristic of the linkage elements determine the 
extent and manner of transmission of forces from the 
actuator element are delivered to the compliant frame mem 
ber 

[0023] In this further apparatus aspect of the invention, 
there is provided a drive coupling arrangement, as previ 
ously noted, for coupling the drive arrangement to the 
actuator element in accordance With a predetermined drive 
characteristic In some embodiments, the drive characteristic 
corresponds to a predetermined thread pitch and direction of 
drive motion. In other embodiments, the drive characteristic 
may be in accordance With a predetermined cam character 
istic. Thus, the actuator element may be moved linearly 
transverse to the plane of the compliant frame member or 
angularly With respect thereto. The motion of the driver 
arrangement can result in rotatory or radial motion of the 
actuator element. As previously noted, there is additionally 
provided in some embodiments of the invention a controller 
for controlling the drive arrangement to achieve a deter 
mined surface contour of the compliant surface. 

[0024] In a further embodiment of the invention, there are 
provided a plurality of further compliant frame members, 
each having a respective ?rst predetermined contour char 
acteristic and arranged to communicate With the second side 
of the compliant surface, Whereby an aspect of the respective 
?rst predetermined contour characteristic is imparted to the 
compliant surface. Additionally, there is provided a plurality 
of further actuator elements and a plurality of further linkage 
elements coupled at a respective ?rst end thereof to a 
respectively associated one of the plurality of further com 
pliant frame members, and at a second end thereof to a 
respectively associated one of the further actuator elements. 
Thus, displacement of the respectively associated one of the 
further actuator elements results in a corresponding variation 
in the contour of the compliant frame member in the vicinity 
of the respectively associated one of the plurality of further 
compliant frame members. In a further embodiment, there is 
provided a plurality of further drive coupling arrangements 
for coupling the drive arrangement to the respective asso 
ciated one of a plurality of further actuator elements in 
accordance With a further predetermined drive characteristic 
The predetermined drive characteristic is responsive to a 
predetermined extended surface contour on the ?rst side of 
the compliance surface that extends over a plurality of the 
further compliant frame members 

[0025] In one embodiment of this aspect of the invention, 
the plurality of further compliant frame members are each 
integrally formed With a respectively associated one of the 
plurality of further actuator linkage elements In a still further 
embodiment, the plurality of further actuator linkage ele 
ments arc each integrally formed With a respectively asso 
ciated one of the further actuator elements 

[0026] The present invention affords signi?cant advan 
tages over knoWn arrangements for achieving optimiZation 
of airfoil control surfaces for various operating conditions. 
In addition, since there are no external joints or linkages, the 
present invention is particularly adapted for aircraft arrange 
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ments that are intended not to be visible by radar systems. 
Discrete control surfaces can be achieved With the present 
invention. As previously stated, lift:drag ratio can be tailored 
as desired, to achieve greater primary ?ight control. In 
addition, as stated, the present invention is not limited to 
achieving airfoil conditions in speci?c ?ight situations, as 
the invention can be con?gured to effect in-?ight or pre?ight 
deicing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0027] Comprehension of the invention is facilitated by 
reading the folloWing detailed description, in conjunction 
With the annexed draWing, in Which: 

[0028] FIG. 1 is a schematic isometric representation of a 
speci?c illustrative airfoil embodiment of the invention 
having tWo deformation arrangements therein; 

[0029] FIG. 2 is a schematic representation of the embodi 
ment of FIG. 1 in a ?rst state of deformation; 

[0030] FIG. 3 is a schematic isometric representation of 
the embodiment of FIGS. 1 and 2 in a second state of 

deformation; 
[0031] FIG. 4 is a schematic isometric representation of a 
plurality of structures in accordance With FIG. 1, the defor 
mation arrangements being interconnected by a drive 
arrangement; and 

[0032] FIG. 5 is a schematic isometric representation of a 
further embodiment of the invention. 

DETAILED DESCRIPTION 

[0033] FIG. 1 is a schematic isometric representation of a 
speci?c illustrative embodiment of the invention in the form 
of an airfoil 10. As shoWn in this ?gure, airfoil 10 has a 
cross-sectional con?guration that corresponds to the shape 
of an airplane Wing The airfoil is formed of a compliant 
frame 11 that is shoWn to be continuous and supported 
internally by support members 13 and 14 that, in this 
embodiment, have respective ?xed lengths. In use in an 
aircraft (not shoWn), airfoil 10 Would underlie a compliant 
surface, or skin (not shoWn) that Would be deformed to 
achieve a predeterminable contour as Will be described 
herein. 

[0034] The airfoil is con?gured to have a leading edge that 
is generally designated 15 and a trailing edge that is gener 
ally designated 16. In this speci?c embodiment, in the 
vicinity of leading edge 15 and forWard of support 13 there 
is provided a deformation arrangement 20 that is provided 
With a plurality of compliant linkage elements 21 that 
coupled at their respective ?rst ends to compliant frame 11 
and at respective second ends thereof to an actuator element 
23 that is schematically represented in the ?gure. In this 
speci?c embodiment, the deformation arrangement is actu 
ated by the application of a radial force, in the direction of 
arroWs 24 Within actuator element 23. Such radial forces can 
be applied in the practice of the invention by urging a conical 
Wedge (not shoWn) into actuator element 23. The insertion 
of such a Wedge, in the direction of arroW 25, Would be 
translated into deformation of compliant frame 11, in the 
manner that Will be described hereinbeloW, and in a direction 
substantially orthogonal to the direction of arroW 25. Actua 
tor element 23, in this embodiment, therefore corresponds to 
an expandable ring. 
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[0035] Between trailing edge 16 and support member 14 
there is provided, in this speci?c embodiment, a further 
deformation arrangement 30 that is provided With a plurality 
of compliant linkage elements 31. As shoWn, compliant 
linkage elements 31 are coupled at respective ?rst ends 
thereof to compliant frame 11, and at their second ends to an 
actuation mechanism 33 that is schematically illustrated in 
the draWing. Actuation mechanism 33 is provided With an 
armature 34 Which, When actuated, is displaced in the 
direction of the arroW thereon. Thus, deformation arrange 
ment 30 differs from deformation arrangement 20 in that the 
actuating force applied to operate deformation arrangement 
20 is substantially orthogonal to the plane of compliant 
frame 11, Whereas in deformation arrangement 30, the 
actuation force provided by armature 34 is applied substan 
tially in the direction parallel to the plane of compliant frame 
11 

[0036] FIG. 2 is a schematic isometric representation of 
airfoil 10 described hereinabove The elements of structure in 
this ?gure are designated identical to corresponding ele 
ments of structure discussed hereinabove With respect to 
FIG. 1 

[0037] As shoWn in FIG. 2, actuation element 23 of 
deformation arrangement 20 is in an unexpanded condition. 
Also, armature 34 of actuator mechanism 33 of deformation 
arrangement 30 is in a retracted state. 

[0038] FIG. 3 is a schematic isometric representation of 
the embodiment of FIGS. 1 and 2 shoWing the effect on the 
contour of airfoil 10 When actuator 23 is expanded radially 
and When armature 34 is extended toWard trailing edge 16 
With the deformation arrangements in these respective con 
ditions, FIG. 3 shoWs airfoil 10 to have a greater convexity 
on upper surface 18 than in FIG. 2. Additionally, bottom 
surface 19 is shoWn in FIG. 3 to have a greater concavity 
than in FIG. 2. More speci?cally, in FIG. 3, the portion of 
the airfoil forWard of support 13 is shoWn to be urged 
doWnWard, as is the portion of the airfoil reWard of support 
14. 

[0039] FIG. 4 is an isometric representation of a portion 
of an aircraft Wing 40 shoWing a plurality of airfoils 10 
arranged sequentially on a common shaft 41. In this highly 
simpli?ed schematic representation, shaft 41 is rotatable in 
response to a drive actuator 42 Actuator 42 may be operated 
pneumatically, hydraulically, or electrically, and is shoWn to 
be coupled to each of the respective actuator elements 23 
described hereinabove 

[0040] Each actuator element 23 has associated thereWith 
a substantially conical Wedge nut 43 that is threadedly 
engaged With drive shaft 41. In some embodiments of the 
invention, the threaded engagement betWeen Wedge nuts 43 
and drive shaft 41 are not all at the same thread pitch. Thus, 
for example, a sequentially different drive characteristic may 
be employed along the length of the aircraft Wing. 

[0041] In other embodiments of the invention, each of the 
deformation elements is individually actuated, such as by 
actuation mechanism 33 associated With the deformation 
elements in the vicinity of the trailing edge of the Wing Each 
such actuation mechanism is controllable by a drive control 
45 Whereby a different drive actuation can be applied to each 
such actuation mechanism to effect an overall contour that 
varies along the length of the Wing Thus, for example, 
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respective Wing contours can be optimiZed for respective 
?ight conditions, as previously described In addition, a 
plurality of predetermined contours can be stored in a 
memory 46 Which is shoWn to be coupled to drive control 45 

[0042] In some embodiments of the invention, drive con 
trol 45 can be applied to control the deformation arrange 
ments in the leading portion of the Wing. In embodiments 
such as the ones shoWn in FIG. 4, sensors (not shoWn) can 
be employed in combination With the Wedge nuts and the 
actuator elements to provide a feedback signal that can be 
correlated With data stored in memory 46 to achieve the 
desired overall Wing contour. In other embodiments, each of 
the forWard deformation arrangements is individually driven 
and controlled, as are the trailing deformation arrangements. 
Thus, a fully computeriZed adjustable aircraft Wing can be 
achieved . 

[0043] In the practice of the invention, the outer skin can 
be made, for example, of an aluminum alloy, a magnesium 
alloy, or a polymeric or metal matrix composite material. 
Such materials achieve the intended objective Which is to 
alter the cross-sectional geometry of the airfoil (camber, 
aspect to ratio, etc.) and to de?ect the leading and trailing 
edges upon application of an actuation force. In the embodi 
ment of FIG. 4, drive shaft 41 is coupled to rotary actuator 
42 near the fuselage (not shoWn) of the aircraft (not shoWn). 
The shaft is supported on a bearing (not shoWn) at the distal 
end thereof There are, as shoWn, at least as many Wedge nuts 
43 as there are airfoils. In some embodiments, hoWever, each 
airfoil is provided With a pair of Wedge nuts, one on each 
side, (not shoWn) the Wedge nuts being in counter-threaded 
engagement With the drive shaft. Thus, the Wedge nuts can 
be urged toWard one another to increase the magnitude of the 
radial forces that are exerted by the actuation elements. Such 
increase in the diameter of the actuator elements exerts 
radial forces on the compliant linkage elements, Which then 
undergo elastic deformation, thereby storing some strain 
energy and transferring the input energy to the outer skin 
(not shoWn) of the airfoil to Which they are attached. This 
causes the skin, Which has compliant characteristics, to 
stretch, or otherWise be deformed, thereby increasing the 
cross-sectional area of the airfoils The skin does not neces 
sarily undergo elastic deformation Instead, as the actuator 
element expand transferring input energy to the compliant 
linkage elements, the outer skin Will slide so as to conform 
to the shape of the compliant frame 

[0044] In the practice of the invention, the compliant 
deformation arrangement is con?gured to operate With a 
very high mechanical advantage to reduce deformation 
under external loading. Such a high mechanical advantage is 
achieved by designing the compliant deformation arrange 
ment Whereby the compliant linkage elements are attached 
to the compliant frame in a manner that is more or less 
perpendicular to the outer skin. Thus, the compliant linkage 
elements Will be essentially in compression and therefore 
able to Withstand high external loading. The compliant 
linkage elements hoWever experienced bending forces When 
the mechanism is in transition from one desired pro?le to 
another. As previously noted, such bending forces may 
correspond to lateral beam deformation. In other embodi 
ments, hoWever, the compliant linkage elements are sub 
jected to compression and tension loads exclusively (i.e., 
Without lateral deformation). 
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[0045] FIG. 5 is a simpli?ed schematic isometric repre 
sentation of a further embodiment of the invention. As 
shoWn, an airfoil 50 has a compliant frame 51 arranged to 
surround an actuation element 53 having a plurality of 
linkage elements 54 extending therefrom. The linkage ele 
ments are connected at respective ?rst ends thereof to 
compliant frame 51, and at their respective second ends to 
actuator element 53. The actuator element is shoWn, in this 
embodiment, to be disposed out of the plane of the compli 
ant frame and has an elongated con?guration. In this speci?c 
embodiment, there is provided a second actuation element 
56 that is coupled to actuation element 53 by an actuator 
linkage 57. Actuator element 56 is shoWn in this embodi 
ment to be in the plane of compliant frame 51, and has a 
plurality of linkage elements 57 coupled thereto and to 
compliant frame 51. 

[0046] As actuator element 53 is displaced With respect to 
compliant frame 51, a corresponding displacement of the 
linkage elements causes a deformation of compliant frame 
51 The actuator element can be displaced in a number of 
directions to achieve a desired or predetermined deformation 
of the compliant frame. For eXample, the actuator element 
can be urged evenly into the plane of the compliant frame, 
or at an angle into the plane of the compliant frame, or the 
actuator element can be rotated about any of several aXes to 
achieve a desired contour of the compliant frame Also, as 
actuator element 53 is displaced, a corresponding displace 
ment of actuator element 56 is effected by operation of 
coupling element 57 

[0047] In one embodiment of this aspect of the invention, 
the entire structure shoWn in FIG. 5 integrally formed In still 
further embodiments, a pair of airfoils 50 can be stacked 
back-to-back at each airfoil location, Whereby their respec 
tive actuation elements can be compressed toWard one 
another to effect the desired deformation of the compliant 
frame. 

[0048] Although the invention has been described in terms 
of speci?c embodiments and applications, persons skilled in 
the art can, in light of this teaching, generate additional 
embodiments Without exceeding the scope or departing from 
the spirit of the claimed invention. Accordingly, it is to be 
understood that the draWing and description in this disclo 
sure are proffered to facilitate comprehension of the inven 
tion, and should not be construed to limit the scope thereof. 

What is claimed is: 
1. An arrangement for producing a variable contour of a 

compliant surface, the arrangement comprising: 

a compliant frame member having a variable contour 
arranged to communicate With the compliant surface, 
the variable contour of the compliant surface being 
responsive to the variable contour of said compliant 
frame member; 

an actuator element arranged in predetermined ?rst rela 
tion With respect to said compliant frame member; 

at least one linkage element coupled at a ?rst end thereof 
to said compliant frame member and at a second end 
thereof to said actuator element, Whereby displacement 
of said actuator element results in a corresponding 
displacement of the variable contour of said compliant 
frame member, said linkage element having a prede 
termined resilience characteristic. 
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2. The arrangement of claim 1, Wherein the predetermined 
resilience characteristic of said linkage element has a direc 
tional aspect. 

3. The arrangement of claim 2, Wherein the directional 
aspect of the predetermined resilience characteristic corre 
sponds to a resilient compression characteristic. 

4. The arrangement of claim 2, Wherein the directional 
aspect of the predetermined resilience characteristic corre 
sponds to a resilient lateral de?ection characteristic 

5. The arrangement of claim 1, Wherein said compliant 
frame member, said actuator element, and said linkage 
element are integrally formed. 

6. The arrangement of claim 1, Wherein the displacement 
of said actuator element is transmitted via said linkage 
element to produce the corresponding displacement of the 
variable contour of said compliant frame member in a 
direction substantially orthogonal to the displacement of 
said actuator 

7. The arrangement of claim 6, Wherein there is further 
provided a plurality of further linkage elements, each 
coupled at a respective ?rst end thereof to said compliant 
frame member at a predetermined compliant frame location, 
and at a second end thereof to said actuator element, 
Whereby displacement of said actuator element results in a 
corresponding displacement of the variable contour of said 
compliant frame member. 

8. The arrangement of claim 7, Wherein said actuator 
element has a predetermined con?guration and said plurality 
of further linkage elements are each coupled at said respec 
tive second ends thereof at a predetermined actuator location 
of said actuator element. 

9. The arrangement of claim 8, Wherein said actuator 
element is angularly displaceable With respect to said com 
pliant frame member, Whereby angular displacement of said 
actuator element With respect to said compliant frame mem 
ber results in a predetermined corresponding displacement 
of the variable contour of said compliant frame member 

10. The arrangement of claim 8, Wherein there are further 
provided: 

a second actuator element coupled to said actuator ele 
ment; and 

an additional linkage element coupled at a ?rst end 
thereof to said compliant frame member at a predeter 
mined compliant frame location, and at a second end 
thereof to said second actuator element, Whereby dis 
placement of said second actuator element, in response 
to displacement of said actuator element, results in a 
displacement of the variable contour of said compliant 
frame member 

11. The arrangement of claim 1, Wherein there is further 
provided a plurality of further linkage elements, each 
coupled at a respective ?rst end thereof to said compliant 
frame member at a predetermined compliant frame location, 
and at a second end thereof to said actuator element, said 
linkage element and said further linkage elements having a 
determined compliance characteristic that enables transmis 
sion therealong of a load, Whereby rotatory displacement of 
said actuator element results in a corresponding displace 
ment of the variable contour of said compliant frame mem 
ber 

12. The arrangement of claim 1, Wherein there is further 
provided a plurality of further linkage elements, each 
coupled at a respective ?rst end thereof to said compliant 
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frame member at a predetermined location thereof, and at a 
second end thereof to said actuator element, said linkage 
element and said further linkage elements having a deter 
mined compliance characteristic that enables transmission 
therealong of load, Whereby radial displacement of said 
actuator element results in a corresponding displacement of 
the variable contour of said compliant frame member. 

13. The arrangement of claim 1, Wherein said compliant 
surface is a surface of an airfoil. 

14. The arrangement of claim 1, Wherein said compliant 
surface is arranged to effect deicing of a surface of an airfoil. 

15. The arrangement of claim 1, Wherein said compliant 
surface is a surface of a rotor blade of a rotary Wing aircraft. 

16. The arrangement of claim 1, Wherein said compliant 
surface is a surface of a hydrofoil. 

17. The arrangement of claim 1, Wherein said compliant 
surface is arranged at an air inlet of an engine. 

18. An airfoil of the type having a substantially longitu 
dinal aXis arranged transverse to a direction of travel of the 
airfoil through a ?uid medium, the airfoil comprising: 

a deformable control surface extending along the substan 
tially longitudinal aXis of the airfoil; 

a plurality of compliant deformation arrangements dis 
posed sequentially along the substantially longitudinal 
aXis of the airfoil, each of said plurality of compliant 
deformation arrangements having respectively associ 
ated thereWith; 

an input arrangement for receiving a respective input 
force; 

a compliant likage coupled at one end thereof to said input 
arrangement for receiving the input force, and 

a compliant frame arranged to communicate With said 
compliant linkage and With said deformable control 
surface for deforming said deformable control surface 
in response to the respective input force transmitted by 
said compliant linkage; 

a plurality of force transmission elements, each associated 
With a respective input arrangement of said plurality of 
compliant deformation arrangements, for applying the 
input force thereto and displacing same correspond 
ingly, Whereby said deformable control surface is 
responsively deformed. 

19. The airfoil of claim 18, Wherein said plurality of force 
transmission elements are each coupled to a drive system. 

20. The airfoil of claim 19, Wherein said drive system 
comprises a drive shaft extending substantially parallel to 
the substantially longitudinal aXis of the airfoil. 

21. The airfoil of claim 20, Wherein said force transmis 
sion elements are each engaged With said drive shaft, each 
such engagement being characteriZed by a respectively 
associated mechanical advantage characteristic that deter 
mines a corresponding eXtent of deformation of said deform 
able control surface. 

22. The airfoil of claim 21, Wherein there is further 
provided a plurality of second compliant deformation 
arrangements, each of said plurality of second compliant 
deformation arrangements having a respectively associated 
input for receiving a respective input force and being 
arranged to communicate With the deformable control sur 
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face for deforming same in response to the respective input 
force applied to each of said plurality of second compliant 
deformation arrangements 

23. The airfoil of claim 24, Wherein said drive system 
comprises a drive controller for controlling the operation of 
said drive system in accordance With a selected drive 
scheme for producing a predeterminable deformation con 
tour of said deformable control surface along the substan 
tially longitudinal aXis of the airfoil. 

24. The airfoil of claim 23, Wherein the predeterminable 
deformation contour of said deformable control surface is 
selected in response to an operating condition of the airfoil 

25. The airfoil of claim 24, Wherein there is further 
provided a memory arrangement for storing data responsive 
to a plurality of selectable drive schemes for achieving a 
plurality of predeterminable deformation contours of said 
deformable control surface corresponding to respective 
operating conditions of the airfoil. 

26. The airfoil of claim 25, Wherein the plurality of 
predeterminable deformation contours of said deformable 
control surface includes a tWist along the length of the 
airfoil. 

27. An arrangement for varying a surface contour in 
response to displacement of an actuator element, the 
arrangement comprising: 

a compliant surface element having the variable surface 
contour on a ?rst side thereof; 

a compliant frame member having a ?rst predetermined 
contour characteristic and arranged to communicate 
With a second side of said compliant surface element, 
Whereby an aspect of the ?rst predetermined contour 
characteristic is imparted to the ?rst side of said com 
pliant surface element; 

a linkage element coupled at a ?rst end thereof to said 
compliant frame member and at a second end thereof to 
the actuator element, Whereby displacement of the 
actuator element results in a corresponding variation in 
the contour of said compliant frame member, the cor 
responding variation in the contour of said compliant 
frame member causing a corresponding variation in the 
surface contour on the ?rst side of said compliant 
surface; and 

drive means for displacing said actuator element. 

28. The arrangement of claim 27, Wherein said compliant 
frame member, the actuator element, and said linkage ele 
ment are integrally formed. 

29. The arrangement of claim 27, Wherein said linkage 
element has a predetermined compliance characteristic 

30. The arrangement of claim 27, Wherein said linkage 
element is substantially rigid 

31. The arrangement of claim 27, Wherein there is further 
provided drive coupling means for coupling said drive 
means to the actuator element in accordance With a prede 
termined drive characteristic. 

32. The arrangement of claim 31, Wherein said predeter 
mined drive characteristic corresponds to a predetermined 
thread pitch. 

33. The arrangement of claim 31, Wherein said predeter 
mined drive characteristic corresponds to a predetermined 
cam characteristic. 
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34. The arrangement of claim 31, Wherein there is further 
provided control means for controlling said drive means to 
achieve a determined surface contour of said compliant 
surface. 

35. The arrangement of claim 27, Wherein there are 
further provided: 

a plurality of further compliant frame members each 
having a respective ?rst predetermined contour char 
acteristic and arranged to communicate With the second 
side of said compliant surface, Whereby an aspect of the 
respective ?rst predetermined contour characteristic is 
imparted to said compliant surface; 

a plurality of further actuator elements; and 

a plurality of further linkage elements coupled at a 
respective ?rst end thereof to a respectively associated 
one of said plurality of further compliant frame mem 
bers and at a second end thereof to a respectively 
associated one of said further actuator elements, 
Whereby displacement of the respectively associated 
one of said further actuator elements results in a 
corresponding variation in the contour of said compli 
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ant frame member in the vicinity of the respectively 
associated one of said plurality of further compliant 
frame members. 

36. The arrangement of claim 35, Wherein there is further 
provided a plurality of further drive coupling means for 
coupling said drive means to the respectively associated one 
of said plurality of further actuator elements in accordance 
With a further predetermined drive characteristic 

37. The arrangement of claim 35, Wherein said further 
predetermined drive characteristic is responsive to a prede 
termined eXtended surface contour on said ?rst side of said 
compliant surface that eXtends over a plurality of said 
further compliant frame members. 

38. The arrangement of claim 35, Wherein said plurality of 
further compliant frame members are each integrally formed 
With a respectively associated one of said plurality of further 
actuator linkage elements. 

39. The arrangement of claim 38, Wherein said plurality of 
further actuator linkage elements are each integrally formed 
With a respectively associated one of said further actuator 
elements. 


