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(57) ABSTRACT 
A tip member is movable mount at the outboard end of a 
main lifting member Such as a wing or rotor blade. The main 
lifting member at least at the outboard end has an internal 
cavity defined therein between pressure-side and Suction 
side surfaces of the main lifting member. The tip member is 
movable relative to the main lifting member between a 
neutral position in which the tip member presents Substan 
tially no obstacle to a Spanwise component of flow over 
either Suction-side or preSSure-side Surfaces at the outboard 
end of the main lifting member, and a position in which a 
portion of the tip member extends beyond on of the pressure 
Side and Suction-side Surfaces of the main lifting member So 
as to present an obstacle to the Spanwise component of flow 
over that surface at the outboard end of the main lifting 
member and thereby locally affect the flow at the outboard 
end. An actuation System for the tip member is disposed in 
the cavity of the main lifting member and coupled with the 
tip member for moving the tip member So as to vary a 
distance by which the tip member extends beyond the 
surface of the main lifting member. The tip member can be 
placed in Stationary positions, or can be cyclically moved for 
achieving various effects Such a vibration abatement, noise 
Suppression, or lift augmentation. 
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LIFTING SURFACE WITH ACTIVE WARIABLE TIP 
MEMBER AND METHOD FOR INFLUENCING 
LIFTING SURFACE BEHAVOR THEREWITH 

FIELD OF THE INVENTION 

0001. The present invention relates to lifting surfaces 
Such as fixed wings of airplanes and rotor blades for heli 
copters and other rotorcraft. The invention relates more 
particularly to a device and method for influencing behavior 
of the lifting Surface using a variable-geometry tip member. 

BACKGROUND OF THE INVENTION 

0002 The phenomenon of the tip vortex generated at the 
free tip end of an aerodynamic lifting Surface Such as a wing 
or rotor blade has been the subject of much study. The tip 
Vortex results from Spanwise components of flow at the tip 
end induced by the pressure differential between the Suction 
Side and pressure-side Surfaces of the lifting Surface. Thus, 
on the pressure-side Surface at the tip end there is an outward 
Spanwise component of flow that tends to cause the flow to 
roll over the tip end of the lifting surface toward the 
Suction-side Surface. As a result, the flow trailing from the 
tip end of the lifting surface tends to “roll up” in a vortex. 
Various undesirable effects accompany the tip vortex. For 
instance, the tip vortex can negatively impact other bodies 
behind the lifting Surface, Such as aircraft following another 
aircraft from which the tip vortex trails. Additionally, for 
Some operating conditions in a rotor of a helicopter, Such as 
during hover, a rotor blade will encounter a tip Vortex 
generated by a preceding rotor blade. The blade-vortex 
interaction (BVI) that results is a source of noise and 
Vibration. The tip vorteX also causes an induced drag that 
reduces the aerodynamic efficiency of the lifting Surface. 
0003) The lift at the outboard end of a wing or rotor blade 
must reduce to Zero at the very tip. This phenomenon results 
in a reduction in the overall lift that otherwise could be 
achieved. 

0004. Accordingly, considerable effort has been devoted 
in the aeronautical community to reduce the negative effects 
asSociated with the local tip effects of lifting Surfaces. One 
approach for fixed wings has been to attach a “winglet' to 
the tip of a wing. The winglet eXtends generally normal to 
the Spanwise direction of the wing, either projecting above 
the Suction Surface or below the pressure Surface. The 
winglet allows the very tip end of the wing to Support a 
pressure differential such that the lift does not fall to zero. 
Thus, a winglet effectively extends the Span of the wing 
without actually increasing the Span. While the winglet is 
beneficial in terms of improving the maximum lift coeffi 
cient of the wing, this function is needed only during takeoff 
and landing, Since the lift coefficient during cruise is much 
lower than during takeoff and landing. During cruise, the 
winglet actually degrades performance because of the 
increased drag associated with the winglet, and also hurts the 
maneuverability of the aircraft. Another drawback of the 
conventional winglet design is that it cannot be applied to 
rotor blades because the centrifugal forces exerted on the 
winglet would be too large to be Supported by the winglet 
Structure. 

0005 Various approaches have been proposed for reduc 
ing BVI noise and vibration. One approach is the Ogee tip 
design used in Some helicopter rotor blades. The Ogee 
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design allows the Spanwise flow from the preSSure-side 
Surface of the blade to roll up in a bigger Spanwise region of 
the blade, thereby attempting to spread the tip vortex out 
over a larger area and thus reduce its peak Strength. AS with 
the winglet, however, the Ogee tip is a passive design that 
is present at all times, even though its beneficial effects may 
only be needed at certain Selected flight conditions, and it 
can degrade performance at other flight conditions. 
0006 Active control devices have been proposed for 
helicopter rotor blade tips for various purposes. One tech 
nique is tip air injection, in which a high-energy jet of air is 
injected from the blade tip toward the center of the core of 
the tip vortex in an attempt to weaken the Strength of the 
Vortex. Although it can be effective, the System is compli 
cated and heavy, and can degrade the aerodynamic perfor 
mance to a greater extent than the benefit afforded by the 
System. 

0007 Another active tip device that has been proposed 
for reducing rotor blade vibration comprises a variable-pitch 
tip, known as a Smart Active Blade Tip (SABT), that pivots 
about a Spanwise axis, driven by a piezoelectric-induced 
bending-torsion coupled beam that runs down the length of 
the blade. The pitching blade tip is intended to create 
unsteady air loads and, when correctly phased relative to the 
rotor blade rotation, these unsteady air loads Ostensibly can 
cancel or at least reduce the original unsteady blade loads 
that contribute to vibration. Although this System may 
reduce vibration, it does not address blade noise. 
0008. Yet another active tip device, proposed for reduc 
ing rotor blade noise, comprises a device that droops from 
the leading edge and is driven by a piezoelectric Stack 
actuator. The objective of this device is to be able to use 
thinner airfoil sections near the tip of the rotor blade without 
inducing flow Separation on the retreating Side of the blade. 
The device is reported to reduce thickness noise and HSI 
noise by Significant amounts without compromising other 
aspects of the rotor design. However, the device does not 
address blade vibration. 

SUMMARY OF THE INVENTION 

0009. The present invention provides an active tip device 
for a rotor blade that affects the aerodynamics at the blade 
tip So as to beneficially impact both blade noise and vibra 
tion. The device is also useful on fixed lifting members such 
as wings. Although the device can have a very Small 
Spanwise extent as a percent of blade or wing Span, model 
test results Suggest that the device can significantly increase 
maximum lift coefficient while reducing drag coefficient at 
high angles of attack. An advantage of the device is that if 
its function is not needed for certain operating conditions, 
the device can be positioned Such that it forms a Substan 
tially continuous extension of the outboard end of the lifting 
member on which it is mounted, thus having minimal impact 
on the aerodynamics at the tip. 
0010. In accordance with one aspect of the invention, a 
tip member is movably mounted at the outboard end of the 
main lifting member. The main lifting member at least at the 
outboard end has an internal cavity defined therein between 
preSSure-side and Suctionside Surfaces of the main lifting 
member. The tip member is movable relative to the main 
lifting member between a neutral position in which the tip 
member presents Substantially no obstacle to a Spanwise 
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component of flow over either Suction-Side or preSSure-side 
Surfaces at the outboard end of the main lifting member, and 
a position in which a portion of the tip member extends 
beyond one of the pressure-side and Suction-Side Surfaces of 
the main lifting member So as to present an obstacle to the 
Spanwise component of flow over Said Surface at the out 
board end of the main lifting member and thereby locally 
affect the flow at the outboard end. An actuation system for 
the tip member is disposed in the cavity of the main lifting 
member and coupled with the tip member for moving the tip 
member So as to vary a distance by which the tip member 
extends beyond Said Surface of the main lifting member. 
0011. In one embodiment of the invention, the tip mem 
ber is slidably connected to the main lifting member So as to 
be slidable back and forth along a direction generally 
corresponding to a lift direction of the main lifting member. 
The tip member preferably is configured as a Spanwise 
Section of the main lifting member Such that when the tip 
member is in the neutral position there is a Substantially 
continuous and StepleSS transition between a preSSure-side 
Surface of the tip member and the pressure-side Surface of 
the main lifting member and between a Suction-side Surface 
of the tip member and the Suction-side Surface of the main 
lifting member. When moved out of the neutral position, the 
tip member creates an inboard-facing Step on one Surface 
and an outboard-facing Step on the other Surface of the main 
lifting device. 
0012. The tip member preferably is affixed to guidance 
members that extend in an inboard direction from the tip 
member into the cavity and slidably connect to Support 
members in the cavity affixed to the main lifting member. 
The guidance members and Support members cooperate to 
Substantially constrain movement of the tip member to a 
translation generally along the lift direction of the main 
lifting member. 
0013 In another embodiment of the invention, the tip 
member is pivotally connected to the main lifting member So 
as to pivot about an axis that eXtends generally in a chord 
direction of the main lifting member, i.e., in a direction from 
leading-edge to trailing-edge. The tip member is thus unlike 
a variable-pitch tip or a variable flap device, each of which 
pivots about a Spanwise axis. The tip member preferably is 
affixed to guidance members that extend in an inboard 
direction from the tip member into the cavity and pivotally 
connect to Support members in the cavity affixed to the main 
lifting member, the guidance members and Support members 
cooperating to Substantially constrain movement of the tip 
member to a rotation about the pivot axis. Either the sliding 
or pivoting tip member can be used on a rotor blade for a 
helicopter or the like, and can be cyclically moved for 
achieving various effects on the aircraft. To this end, the 
actuation System in one embodiment includes an actuator for 
moving the tip member, a Sensor mounted in the aircraft for 
Sensing a condition associated therewith, and a controller 
coupled with the Sensor and with the actuator So as to form 
a real-time adaptive control System for influencing the 
condition associated with the aircraft. For example, the 
Sensor can be operable to Sense a vibration of the aircraft and 
the controller can be operable to adaptively control move 
ment of the tip member So as to Suppress a level of the 
Vibration Sensed by the Sensor. More particularly, the con 
troller and actuator are operable to cyclically move the tip 
member with a frequency and amplitude controlled by the 
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controller. An analysis can be performed on the measured 
Vibration So as to derive a plurality of harmonic components 
of the vibration, and the tip member movement can be 
controlled So as to reduce at least one dominant harmonic 
component. 

0014. Alternatively, the sensor can measure noise and the 
controller and actuator can control movement of the tip 
member to Suppress the noise. An analysis can be performed 
on the measured noise to deduce harmonic components of 
the Overall noise, and the tip member can be moved in a 
fashion to reduce one or more components of the noise. 
0015. It is also possible on rotor blades or fixed wings to 
control position of the tip member to influence lift of the 
lifting member. The tip member can either be placed in a 
Stationary position, or its position can be cyclically varied. 
Furthermore, on a wing the tip member can be cyclically 
moved So as to impart vibration to the wing and thereby 
influence behavior of the boundary layer on the wing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The above and other objects, features, and advan 
tages of the invention will become more apparent from the 
following description of certain preferred embodiments 
thereof, when taken in conjunction with the accompanying 
drawings in which: 
0017 FIG. 1 is a perspective view of a main lifting 
member having a sliding tip member in accordance with one 
embodiment of the invention; 

0018 FIG. 2 is a front view of the main lifting member 
of FIG. 1; 
0019 FIG. 3 is an end view of the main lifting member 
of FIG. 1; 
0020 FIG. 4 is an exploded perspective view of the main 
lifting member of FIG. 1, partially cut away to show details 
of the mounting and actuation System for the sliding tip 
member; 
0021 FIG. 5 is a perspective view of a main lifting 
member having a pivoting tip member in accordance with 
another embodiment of the invention; 
0022 FIG. 6 is a front view of the main lifting member 
of FIG. 5; 
0023 FIG. 7 is an end view of the main lifting member 
of FIG. 5; 
0024 FIG. 8 is an exploded perspective view of the main 
lifting member of FIG. 5, partially cut away to show details 
of the mounting and actuation System for the pivoting tip 
member; 
0025 FIG. 9 is a plot of model test data obtained from a 
model test of the sliding tip member, showing low-Speed lift 
coefficient Versus angle of attack for a fixed wing both with 
and without the tip member; and 
0026 FIG. 10 is a plot of model test data showing drag 
coefficient versus angle of attack for the wing with and 
without the sliding tip member. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0027. The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
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ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments Set forth herein; rather, these embodiments are 
provided So that this disclosure will be thorough and com 
plete, and will fully convey the Scope of the invention to 
those skilled in the art. Like numbers refer to like elements 
throughout. 
0028 FIGS. 1 through 4 illustrate a first exemplary 
embodiment of the invention. A main lifting member 20 has 
a sliding tip member 22 mounted at an outboard or tip end 
of the main lifting member. Preferably, the tip member 22 is 
configured as a Small Spanwise Section of the main lifting 
member 20 at the outboard end thereof, i.e., having essen 
tially the same airfoil croSS Section as the main lifting 
member. The tip member 22 is movably mounted to the main 
lifting member So as to be slidable up and down along a 
direction generally corresponding to the lift direction of the 
main lifting member. The tip member 22 has a range of 
movement in this lift direction, which range includes a 
“neutral' position in which the tip member 22 at its pressure 
Side Surface 24 and Suctionside Surface 26 forms a Substan 
tially continuous and StepleSS juncture with the correspond 
ing pressure-side Surface 28 and Suction-side Surface 30 of 
the main lifting member 20. In this neutral position (not 
shown in the Figures), the tip member 22 presents Substan 
tially no obstacle to the Spanwise component of flow that 
tends to flow along the preSSure-side Surface 28 of the main 
lifting member and up around the tip of the main lifting 
member toward the Suction-side Surface 30. 

0029. However, in an extended position of the tip mem 
ber 22, such as shown in FIGS. 1-3, the tip member 22 
extends beyond one of the surfaces 28, 30 of the main lifting 
member So as to present an obstacle to the Spanwise flow 
component over that surface. Thus, in FIGS. 1-3, the tip 
member 22 is shown extended beyond the preSSure-side 
surface 28 of the main lifting member. Alternatively, the tip 
member 22 could be extended in the opposite direction 
beyond the suction-side surface 30 of the main lifting 
member. The range of movement of the tip member 22 can 
be such that the tip member can be extended in either 
direction from the neutral position, or the range can be 
limited to only one direction of movement from the neutral 
position, as desired. Currently, it is thought that it is advan 
tageous to extend the tip member beyond the preSSure-side 
Surface of the main lifting member. 
0030 FIG. 4 is a schematic depiction of a mounting 
arrangement and actuation System for the tip member 22. 
The main lifting member 20 includes an internal cavity C at 
least at its outboard end. The tip member 22 is affixed to a 
pair of guidance members 32 that extend in an inboard 
direction from the tip member into the cavity C and slidably 
connect to support members 34 in the cavity affixed to the 
main lifting member. The guidance members 32 and Support 
members 34 cooperate to Substantially constrain movement 
of the tip member 22 to a translation generally along the lift 
direction of the main lifting member. The tip member 22 is 
also affixed to a motion beam 36 that extends inwardly into 
the cavity C and is in driving connection with an actuator 38. 
The actuator 38 drives the motion beam 36 up and down 
along the lift direction of the main lifting member, thereby 
driving the tip member 22 up and down. The actuation and 
control System for the tip member includes at least one 
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sensor 40, Such as a Hall effect sensor, and a controller 42 
connected to the actuator 38 and sensor 40. The controller 42 
controls operation of the actuator 38 so as to move the tip 
member 22 to achieve a desired objective, in concert with 
the sensor 40 which is used for detecting a condition 
asSociated with the tip member 22, the main lifting member 
20, or the aircraft on which the main lifting member is 
employed. AS one example, the Sensor 40 can be used for 
detecting a relative position of the tip member 22, and the 
controller 42 can be operable to conduct a closed-loop 
control of the position of the tip member 22 based on a value 
for the desired position of the tip member. 
0031. Alternatively, the sensor 40 can be used for detect 
ing a condition associated with the aircraft, Such as a 
Vibration at Some location on the aircraft. In this case, the 
controller 42 in concert with the sensor 40 can form a 
real-time adaptive control System for Suppressing the level 
of vibration at the sensor location. This type of control 
System, which is well-known in the art and hence not 
described in detail herein, essentially learns how to control 
the controlled parameter So as to achieve a desired objective, 
Such as minimizing a vibration level. For example, where 
the main lifting member 20 comprises a rotor blade for a 
helicopter, the Sensor 40 can detect a vibration in the cockpit, 
and the controller 42 can be operable along with the actuator 
38 to cyclically move the tip member 22 at a frequency and 
amplitude either or both of which are controlled by the 
controller So as to minimize the vibration at the Sensor 
location. Alternatively, the Sensor 40 can measure a noise 
level generated by the helicopter rotor and the controller and 
actuator can move the tip member at a frequency and 
amplitude for Suppressing the noise. 
0032. Although the actuator 38 is schematically illus 
trated as a motor, it will be understood that various types of 
devices can be used for providing the motive force to move 
the tip member 22. Examples of Suitable devices include 
piezoelectric actuators, actuators based on shape memory 
alloy (SMA) materials, and linear magnetic actuators. 
Where the main lifting member 20 is a rotor blade, the cyclic 
movement of the tip member 22 generally will involve 
moving the tip member through at least one cycle for each 
revolution of the rotor blade. Where the objective is to 
minimize a vibration or noise, an analysis can be performed 
on the measured vibration or noise Signal to break the 
measured signal down into harmonic frequency compo 
nents, and the tip member movement can be controlled with 
an objective of Suppressing one or more dominant compo 
nents. Typically, the dominant components will be at fre 
quencies comprising integral numbers of cycles per revolu 
tion of the rotor blade. The tip member can be moved at a 
frequency that is an integral number of cycles per revolution. 
0033 FIGS. 5 through 8 depict a second embodiment of 
the invention generally Similar to the first embodiment, 
except that the tip member 22 pivots rather than sliding. The 
tip member 22' is mounted So as to pivot about a pivot axis 
A that extends in a chord direction of the main lifting 
member 20. To this end, the tip member is affixed to a pair 
of guidance members 32' that extend inwardly into the 
cavity in the main lifting member and are pivotally con 
nected to a pair of Support members 34 affixed to the main 
lifting member. The guidance members 32' and Support 
members 34 constrain the motion of the tip member to a 
rotation about the pivot axis A. The tip member is also 
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affixed to a motion beam 36' that is in driving connection 
with an actuator 38 for varying the position of the tip 
member. 

0034. The tip member 22 preferably can be placed in a 
neutral position in which the tip member forms a Substan 
tially continuous extension of the main lifting member 20 
with no angle therebetween, and can be moved either in one 
direction from the neutral position, or in opposite directions 
from the neutral position. 

0.035 A scale model test of a wing with a sliding tip 
member substantially as shown in FIGS. 1-4 was tested in a 
low-speed wind tunnel. The wing comprised a NACA 0012 
airfoil section, with a 22-inch span and a chord of 5.75 
inches. The tip member had a Spanwise length of /s-inch and 
had an airfoil croSS Section matching that of the wing. The 
tip member was placed in an extended position in which the 
preSSure-side Surface of the tip member extended 5/16-inch 
beyond the pressure-side Surface of the wing. The wing was 
tested over a range of angle of attack and lift and drag were 
measured and converted to lift and drag coefficient data. A 
baseline test was also conducted for the wing without the tip 
member. Test data for the wing with tip member and the 
baseline wing are shown in FIGS. 9 and 10. It will be noted 
that at angles of attack above 11 degrees, the wing with 
extended tip member has a higher lift coefficient and yet has 
a lower drag coefficient than the baseline wing. This result 
is Surprising in that conventional winglets typically provide 
a higher lift coefficient, but at the expense of higher drag as 
well. 

0036. It is also believed that the tip member in accor 
dance with the invention can be used for deflecting the tip 
vortex core that trails from the tip of a wing or rotor blade. 
This deflection can be used to advantage in various ways. 
For instance, in a helicopter rotor, rather than moving the 
entire rotor blade to avoid the tip vortex from a preceding 
blade, the tip Vortex core can be deflected So as to have leSS 
impact on a following blade. It is further believed that the tip 
member may have a weakening or diffusing effect on the tip 
Vortex, which is also generally beneficial. 

0037 Advantages of the present invention over prior tip 
devices include an ability to place the tip member in a 
neutral position when its function is not needed. The tip 
member also does not require any compromise on the design 
of the main lifting member. The designer can design the 
wing or rotor blade airfoil Section to optimize its aerody 
namic performance, essentially without regard to the tip 
member. In flight conditions requiring the tip member to be 
active, there is no large moving piece creating large 
moments to contend with; indeed, the tip member can be 
quite Small in Spanwise extent, Since the mechanism chiefly 
responsible for its effect is thought to be the retardation or 
discouragement of the Spanwise flow component on the 
wing or rotor blade. 

0.038. Many modifications and other embodiments of the 
invention will come to mind to one skilled in the art to which 
this invention pertains having the benefit of the teachings 
presented in the foregoing descriptions and the associated 
drawings. Therefore, it is to be understood that the invention 
is not to be limited to the specific embodiments disclosed 
and that modifications and other embodiments are intended 
to be included within the Scope of the appended claims. 
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Although specific terms are employed herein, they are used 
in a generic and descriptive Sense only and not for purposes 
of limitation. 

What is claimed is: 
1. An aerodynamic lifting device, comprising: 
a main lifting member having a span extending along a 

longitudinal axis from an inboard end to an outboard 
end thereof and having an airfoil-shaped croSSSection 
normal to the longitudinal axis, the main lifting mem 
ber at least at the outboard end having an internal cavity 
defined therein between pressure-Side and Suction-Side 
Surfaces of the main lifting member; 

a tip member movably connected at the outboard end of 
the main lifting member, the tip member being movable 
relative to the main lifting member between a neutral 
position in which the tip member presents Substantially 
no obstacle to a Spanwise component of flow over 
either Suction-side or preSSure-side Surfaces at the 
outboard end of the main lifting member, and a position 
in which a portion of the tip member extends beyond 
one of the preSSure-Side and Suction-side Surfaces of the 
main lifting member So as to present an obstacle to the 
Spanwise component of flow over Said Surface at the 
outboard end of the main lifting member and thereby 
locally affect the flow at the outboard end; and 

an actuation System disposed in the cavity of the main 
lifting member and coupled with the tip member, the 
actuation System being operable to move the tip mem 
ber so as to vary a distance by which the tip member 
extends beyond Said Surface of the main lifting mem 
ber. 

2. The lifting device of claim 1, wherein the tip member 
is slidably connected to the main lifting member So as to be 
Slidable back and forth along a direction generally corre 
sponding to a lift direction of the main lifting member. 

3. The lifting device of claim 2, wherein the tip member 
is configured as a Spanwise Section of the main lifting 
member such that when the tip member is in the neutral 
position there is a Substantially continuous and StepleSS 
transition between a pressure-side Surface of the tip member 
and the pressure-side Surface of the main lifting member and 
between a Suction-Side Surface of the tip member and the 
Suction-side Surface of the main lifting member, the tip 
member when moved out of the neutral position creating an 
inboard-facing Step on one Surface and an outboard-facing 
Step on the other Surface of the main lifting device. 

4. The lifting device of claim 3, wherein the tip member 
is affixed to guidance members that extend in an inboard 
direction from the tip member into the cavity and slidably 
connect to Support members in the cavity affixed to the main 
lifting member, the guidance members and Support members 
cooperating to Substantially constrain movement of the tip 
member to a translation generally along the lift direction of 
the main lifting member. 

5. The lifting device of claim 1, wherein the tip member 
has an inboard end pivotally connected to the main lifting 
member So as to pivot about a pivot axis that extends in a 
chord direction from a leading edge to a trailing edge of the 
main lifting member. 

6. The lifting device of claim 4, wherein the tip member 
is affixed to guidance members that extend in an inboard 
direction from the tip member into the cavity and pivotally 
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connect to Support members in the cavity affixed to the main 
lifting member, the guidance members and Support members 
cooperating to Substantially constrain movement of the tip 
member to a rotation about the pivot axis. 

7. The lifting device of claim 1, wherein the actuation 
System includes an actuator for moving the tip member, a 
Sensor for detecting a position of the tip member, and a 
controller coupled with the Sensor and the actuator So as to 
form a closed-loop control System in which the controller is 
operable to cause the tip member to be positioned in any 
Selected position. 

8. The lifting device of claim 1, wherein the actuation 
System includes an actuator for moving the tip member, and 
wherein the actuator utilizes a Smart material for providing 
motive force to move the tip member. 

9. The lifting device of claim 8, wherein the actuator 
comprises a piezoelectric actuator. 

10. The lifting device of claim 8, wherein the actuator 
utilizes a shape memory alloy element for providing the 
motive force. 

11. The lifting device of claim 8, wherein the actuator 
comprises a magnetic linear actuator. 

12. The lifting device of claim 1, wherein the main lifting 
member forms part of an aircraft, and wherein the actuation 
System includes an actuator for moving the tip member, a 
Sensor mounted in the aircraft for Sensing a condition 
asSociated there with, and a controller coupled with the 
Sensor and with the actuator So as to form a real-time 
adaptive control System for influencing the condition asso 
ciated with the aircraft. 

13. The lifting device of claim 12, wherein the main 
lifting member comprises a rotor blade for a rotorcraft, and 
wherein the Sensor is operable to Sense a vibration of the 
rotorcraft and the controller is operable to adaptively control 
movement of the tip member So as to SuppreSS a level of the 
Vibration Sensed by the Sensor. 

14. The lifting device of claim 13, wherein the controller 
and actuator are operable to cyclically move the tip member 
with a frequency and amplitude controlled by the controller. 

15. A method for influencing behavior of a lifting mem 
ber, comprising: 

providing a main lifting member having a span extending 
along a longitudinal axis from an inboard end to an 
outboard end thereof and having an airfoil-shaped 
croSS-Section normal to the longitudinal axis, 

providing a tip member movably connected to the out 
board end of the main lifting member, the tip member 
being movable relative to the main lifting member 
between a neutral position in which the tip member 
presents Substantially no obstacle to a Spanwise com 
ponent of flow over either Suction-Side or pressure-side 
Surfaces at the outboard end of the main lifting member, 
and a position in which a portion of the tip member 
extends beyond one of the pressure-side and Suction 
Side Surfaces of the main lifting member So as to 
present an obstacle to the Spanwise component of flow 
over Said Surface at the outboard end of the main lifting 
member and thereby locally affect the flow at the 
outboard end; and 

cyclically moving the tip member relative to the main 
lifting member So as to cyclically vary an amount by 
which the tip member extends beyond said surface of 
the main lifting member. 
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16. The method of claim 15, wherein the main lifting 
member comprises a helicopter rotor blade rotating about an 
axis, and wherein the tip member is moved through at least 
one cycle per revolution of the rotor blade. 

17. The method of claim 16, wherein the tip member is 
moved with a cyclic frequency that is an integral number of 
cycles per revolution of the rotor blade. 

18. The method of claim 16, further comprising reducing 
Vibration by moving the tip member at a frequency and an 
amplitude Selected So as to reduce vibration. 

19. The method of claim 18, further comprising measur 
ing vibration of at least one of the helicopter and the rotor 
blade, and varying at least one of the frequency and the 
amplitude of the tip member movement So as to Suppress the 
measured vibration. 

20. The method of claim 19, further comprising perform 
ing an analysis on the measured vibration So as to derive a 
plurality of harmonic components of the vibration, and 
wherein the tip member movement is controlled So as to 
reduce at least one dominant harmonic component. 

21. The method of claim 16, further comprising Storing a 
predetermined Schedule of tip member movement in a 
memory device, the Schedule defining at least one of a 
frequency and an amplitude of the tip member movement as 
a function of an operating condition of the helicopter rotor, 
and wherein the tip member movement is changed in 
accordance with the Schedule as operating condition of the 
helicopter rotor changes. 

22. The method of claim 16, further comprising reducing 
noise produced by the rotor blade by moving the tip member 
at a frequency and an amplitude Selected So as to reduce 
noise. 

23. The method of claim 22, further comprising measur 
ing noise produced by the rotor blade, and varying at least 
one of the frequency and the amplitude of the tip member 
movement So as to drive the measured noise toward a lower 
level. 

24. The method of claim 23, further comprising perform 
ing an analysis on the measured noise So as to derive a 
plurality of harmonic components of the noise, and wherein 
the tip member movement is controlled So as to reduce at 
least one dominant harmonic component of the noise. 

25. The method of claim 26, further comprising increas 
ing lift produced by the rotor blade by moving the tip 
member at a frequency and an amplitude Selected So as to 
increase lift. 

26. The method of claim 15, wherein the main lifting 
member comprises a fixed wing of an aircraft, and wherein 
the tip member is configured to generate Sufficient aerody 
namic forces and is moved at a frequency and amplitude 
Selected So as to induce vibration of the wing for influencing 
behavior of a boundary layer on the wing. 

27. The method of claim 15, wherein the tip member is 
cyclically translated relative to the main lifting member 
along a direction generally corresponding to a direction in 
which aerodynamic lift acts on the main lifting member. 

28. The method of claim 15, wherein the tip member is 
cyclically pivoted relative to the main lifting member about 
a pivot axis that extends in a chord direction of the main 
lifting member. 

29. The method of claim 15, further comprising measur 
ing a condition associated with an aircraft on which the main 
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lifting member is employed using a Sensor, and using a 30. The method of claim 29, wherein the sensor is used to 
real-time adaptive control System coupled with the Sensor measure a vibration of the aircraft, and the control System is 
and with an actuator that moves the tip member, So as to operable to control the movement of the tip member So as to 
adaptively control the tip member movement to influence SuppreSS the vibration. 
the condition associated with the aircraft. k . . . . 


