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Abstract :

A new concept for actively controlling wing twist is
described. The concept relied on introducing warping
deformation of the wing skin, which was split at the
trailing edge to create an open-section airfoil. An internal
screw mechanism was introduced near thetrailing edge, so
that the load-carrying capability of the wing was
maintained while allowing the introduction of warping
displacement between the lower and upper wing skins at
the trailing edge. Smple structural modeling of the
warping wing based on generalized thin-walled beam
theory was performed. A demonstration wing was built
based on a NACA 23018 airfoil section with a span of 300
mm and a chord length of 120 mm. A maximum peak-to-
peak twist of 15 deg was demonstrated, with excellent
correlation between theory and experiment. Wind-tunnel
tests showed that warping could change the lift coefficient
by as much as 0.5 at maximum peak-to-peak twist.
Analytical and vortex-lattice models were demonstrated to
give accurate predictions of the lift coefficient at smaller
absolute twist angles. Furthermore, analytic modeling of
the wing drag was shown to be in close correspondence
with the drag measurements and showed that wing
war ping could be used to influence thelift induced drag. In
general, it was demonstrated that at lower angles of attack,
a more positive twist resulted in a higher lift-to-drag ratio.
This study proved that a twist-active wing can have
sufficient gain to control the rolling motion of an aircraft
and to ensure that the lift-to-drag ratio is maximized at
variousflight conditions.

Keywords-warp mechanism; variable camber, lift to drag
ratio

1. Introduction

The concept of morphing is not an idea which hanlstrictly
defined. A morphing aircraft is generally definea lte an
aircraft whose shape changes during flight to ojatm
performance. Types of shape changes include spgwrd,c
camber, area, thickness, aspect ratio and plan. fdme
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morphing can also be applied to a control surfacerder to
eliminate hinges. Morphing aircraft are multi-racraft that
change their external shape substantially to adapta
changing mission environment during flight. Thiseates
superior system capabilities not possible withowrphing
shape changes. The objective of morphing activitiego
develop high performance aircraft with wings desigjno
change shape and performance substantially duligigt fto
create multiple-regime, aerodynamically-efficienshape-
changing aircraft. Compared to conventional aitcraf
morphing aircraft become more competitive as moission
tasks or roles are added to their requirements.

For certain project, morphing is limited to charmgithe shape
of the wings, not of the entire airframe. This tydenorphing
can be studied with the use of biologically ins@itechniques.
The different ways that birds change the shapéeaf twings
during flight
techniques. These birds typically change the shaptheir
wings depending on the types of maneuvers that tieey to
perform. Certain techniques of morphing for airtredin be
designed by studying these birds. There are sewsvgbhing
techniques which are used by these birds that dstrade how
their flight maneuvers can be changed, such ariog,
diving and take-off.

In the past, different methods and mechanisms eengoyed
to induce wing twisting. The active flexible wingnd active
aero elastic wing programs investigated the usieading-
and trailing-edge control surfaces to control thiagntwist.
Although effective, the control system required achieve
these high roll rates was complex and the mechacznad
only be employed on relatively thin wings with Idersional
stiffness. All aero elastic approaches use energyn fthe
airstream to induce strain in the structure. Inher@ the
concept of aero elastic flight control is their Mg
susceptibility to undesired aero elastic effectsuttér,
divergence, and buffet) compared with structureat thre
designed to suppress these effects.

The torque box structure of a conventional wingdsigned to
provide a high torsional stiffness to suppress gindd aero
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is studied and compared with morphing



elastic effects such as aileron reversal, divergeac flutter .
A conventional torque box is made of two spars, tpper
and lower skins of the wing, and a series of palraibs. The
increased flexibility of a wing box to produce largwisting
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throughout the entire span of the wing near thiirtgpedge.
The present internal structure is tailored to thergetry of the
airfoil (NACA 23012). This particular airfoil washosen
arbitrarily to prove the concept of wing warpingowkever, the

motion may come at a price of reduced load-carryingdentical mechanism can be applied to any airfodme with

capability. To maintain load-carrying capabilitypgitively
controlled relative motion of the individual torqbex planes
needs to be introduced. This can be achieved bgrediding
or hinging part of the box structure. By operatthig hinging
or sliding motion, the amount of warping can betoalfed.

2. Motivation and Scope
The motivation for this work is to obtain a numeafienodel

suitable for studying the morphing wing technologyhe
vehicle under consideration uses morphing in thenfof

sufficient thickness to store the individual storel

components.
3.1 Warping M echanism

Over the span of the wing a thread rod is posétibn
near the trailing edge to induce the warping de&iiom
between the upper skin and the lower skin . Theatthirod is
connected to the upper and lower skins in such yathat it
introduces a relative spanwise movement of the aop
bottom surfaces at the trailing edge, referredsttha warping
deformation. At five trailing-edge stations, equalpaced

asymmetric wing twist as a primary means of liftagland from each other, the upper and lower skins haveethr
roll control. Such a model can then be used fanrutdesign  rectangular blocks/houses. The outer two blockssattach
iterations of the vehicle by considering a numénmacedure to the lower skin and provide guidance of the tbread. To
wherein various aspects of the vehicle’s aerodynamiensure that the position of the thread rod remaimaltered

performance (roll rate, lift, and drag) are optiedzby altering  with respect to the bottom skin, it is kept in @aoy nuts

the morphing mechanism: thousands of design petioota
are admissible. Typically, the vehicle’s rollingrfmemance

increases with asymmetrical shape change (batiegase of

excessive rotation at the wingtips, which may catijsestall
and adverse rolling moments). Placing warp mechamisthe
aircraft wing promotes displacement
aerodynamic performance.

a) Closed tube with high
torsional stiffness

bj Open tube with low
torsional stiffness

Fig 1- Basic principle of warping mechanism

3. Design and M anufacturing of a Demonstration M odel

Based on wind tunnel size, To demonstrate the ®@ffgtess
of wing warping, a demonstration wing was desigred
built. The design of this proof-of concept protayjs based
on a NACA 23018 airfoil with a chord length ©£13cm. The
internal structure consists of ribs that can rotdieut a fixed
solid aluminium rod that serves as a main sparlufiaium

secured (locked) on the thread rod at the outbside of each
of the sliding houses. The third and middle blotlaches to
the upper skin and is threaded on the inside.

and maximizest. Wind-Tunnel Tests

To determine the lift and drag characteristics ke warping
wing, a wind-tunnel experlment was carried out dow-
eed low- turbulen -y neI an atmosphemmel of

-\‘\w‘- §emonstrate that wreeping
"'"‘W aerodynamic ptigseof
‘ 48] test section measured B0IN
width,%300_1 eight,%and: :2001r¥miin length. Thiag
was clamped holiZ8h dﬂj“"l\ﬂéééd’ré dhts were takera
manameuigrdhdingrpMegsdtkinights were taken abaityeof
30 misrfenangiga«f attack ranging from -2 to €&g. From
the obtained data, the relation between the tmaiidge
warping displacementw and lift coefficientCL is plotted for
four angles of attack

In general, the wind-tunnel results demonstratedt tthe
warping wing mechanism could provide a substarimabunt
of lift change. The maximum change in lift that wbie
achieved by means of wing warping was constant astgle
of attack at approximately CL 0:7.

Furthermore, wind-tunnel tests proved that wingpiag can
play an active roll in decreasing the lift-inducdchg on the
wing or increasing the lift-to-drag ratio.

skin ¢ _ 0:5 mm) that is continuous over the perimeter of the

airfoil. Warping is introduced by a thread rod thains
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trailing edge displacement vs CL
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5. Results and Discussion
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To verify this relationship between twist and wapi
displacement a bench test was carried out. Warpinthe
wing was determined by measuring the relative dispinent
of the upper skin with respect to the lower skirthat trailing
edge. The tests showed a linear relationship betwbe
displacement of upper and lower skins, and the amofi
' 0 ' ' ' twist

o
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Fig 3 -Relative Trailing Edge Displacemers. G ato=4
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Fig 6 - Results for trailing edge displacementwisig twist
5.1. Effect of Camber thickness change

The introduction of variable-camber to this sitoati
eliminates these conflicting interests by allowthg airfoil to
change its camber depending on the flight situatidthough
these airfoils are conventional, their comparisboves the
general effect of camber that will be present ndtenshow
advanced the airfoil.

The second primary benefit of VC wings for subsdhght is
the ability they have to manipulate their spanlodahr
maximum cruise efficiency, the desired spanloadmigst
likely elliptic, although in some cases the wingtrdoending
moment of an elliptic distribution forces a struetiuweight
penalty that causes a net loss in total systeriefity. In any
case, the wing planform would be chosen so thabihes
close to producing the desired cruise spanloadHercruise
CL. The planform that would be the most efficientusually
not chosen because the planform must also prodspardoad
capable of satisfactory high-lift performance.

ALPHA C. Co
-2 -0.2261| 0.04092
-1 0.1971 | 0.03956
0 0.4768 | 0.03329
2 0.6256 | 0.03148
4 0.7351 | 0.03583

Fig 7 - Standard datas of naca 23018 for convealiaing
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5.2. Comparision of Datasof Morphing Wing and
Conventional Wing

Demonstration of a twist-active wing can have isight gain

to control the rolling motion of an aircraft and éasure that
the lift-to-drag ratio is maximized at various fiigconditions,
while keeping energy requirements on the flight toan
actuators at a minimum. From the obtained valuesavesay
that aerodynamic performances (lift, drag anddifify ratio)

of morphing wing has optimised values than conwerai

wing.

6. Conclusions

A new concept for actively controlling wing twisaged on
introducing warping displacement has been discussa
feature could be integrated in a typical straighhgvby
creating a slit at the trailing edge that separétedupper and
lower skins. A thread-rod mechanism was positionedr the
slit to connect the lower and upper skins so tlasional
stiffness of the wing was maintained while allowitige
relative displacement between the upper and lokiessThis
resulted in a linear relation between wing twist aelative
trailing-edge warping displacement, which closetyrelated
to analytic predictions. The maximum peak-to-peakstt
angle was measured to be 15 deg. Wind-tunnel tests 300
mm-span demonstration wing showed that wing twaaild
change the lift coefficient by as much as 0.5 foglas of
attack ranging from 0-12 deg. Furthermore, analyticieling
of the wing drag was shown to be in close corredpooe to
the drag measurements and showed that wing waunigl
be used to change the lift-induced drag. In genéralvas
demonstrated that a more positive twist resultec ihigher
lift-to-drag ratio, especially at lower angles dfaak. This
study demonstrated that a twist-active wing caretsfficient
gain to control the rolling motion of an aircrafichto ensure
that the lift-to-drag ratio is maximized at variodkght
conditions, while keeping energy requirements am filght
control actuator at a minimum.
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