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Abstract

CHANGE is an FP7-AAT-2012-RTD-1, AAT.2012.1.1-2: rAstructures Project with Grant No: 314139. It'sisortium is composed
of TEKEVER ASDS-Portugal (Coordinator), DLR, Dethes Zentrum fir Luft und Raumfahrt-Germany, ARAicfaft Research
Association-UK, Universidade da Beira Interior-Rgal, Cranfield University-UK, Swansea UniversitycUINVENT GmbH-
Germany, Middle East Technical University-Turkeyeld University of Technology-Netherlands. The j started on 01 August
2012 and will end on 31 July 2015.

Morphing in aircrafts is of the upmost importanneorder to offer a greater efficiency, versatibityd performance during the assigned
mission. Moreover an aircraft with the capabilityadapt itself to each given situation tends tdeamehpositive results to a range of
different missions instead of requiring a spedicraft to conduct each specific mission.

The main objective of this project is to study atelelop a novel morphing system which integratesoufour different morphing
mechanisms (Leading edge and tailing edge camlzergels, twist change, swept wing and telescopic wirg in a single wing and
to demonstrate this new ability in flight. In orderachieve this four main flight phases (Take-tfiter, high-speed dash and landing)
will be considered and various materials will bedstd, and if necessary developed, for aerodyndiyiedficient as well as
structurally durable and producible wing/ controlrfaces. The design will first be verified by contgtional aerodynamic and
structural analyses. The produced wing/ contrdiases then will be subjected to ground vibratistgend wind tunnel tests. Finally
the aircraft, having the developed wings, will urgeflight tests.

Keywords Morphing wings; unconventional control surfacespdgnamic efficiency, compliant structures

1. CHANGE Project Work Packages and Intented Project I mpact

The CHANGE project is composed of nine Work Packad®Ps. Their brief definitions and together witle t
critical milestones to be achieved are given inftlewing section (CHANGE DoW, 2012).

1.1. Work packages

*  WP1: Project Management

*  WP2: Requirements and Application— This Work Paekdefines the requirements and validation scenarios
of the morphing wing and assessment software toddweloped in CHANGE. Conceptual design
parameters required for the aerodynamic desigmefrorphing wing in take-off, loitering, high spetd
insertion mission and landing are also decided P2WNThe materials to be used and the system and th
flight test requirements are also specified here.

WRP3: Development of software to assess best magphayout tailored for UAV applications — This WP
will deal with the design and development of therphing assessment software that determines theapti
shape a given wing should morph into, given a $@ptimisation targets and constrains. An aerodyinam
performance prediction for the isolated wing is w@i@neously provided with the actuator settings
corresponding to that aerodynamically optimal ostepe
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*  WHPA4: Mission based design of the morphing systestopype — This WP structurally designs the morghin
prototype wing focusing on four missions.

* WPS5: Mission based detailed design of the morphéntinologies for UAV — This WP will be devoted to
the detailed design of the morphing system pro®tgpplied to the UAV. This WP will ensue after the
Critical Design Review and will be in charge okiming the integration of the different morphingtems
which will integrate the wing

 WHP6: Skin development — This WP will be assignedtiie development of the membrane material of the
morphing system prototype. The design and developnaetivities for the skin tooling and the
development and manufacture of the skin will als@bcomplished in WP6.

«  WP7: Development and manufacture of the prototyjpegw This WP will manufacture the designed
morphing wing with all the integrated morphing teologies

 WP8: Experiment and flight tests — Ground Vibratibests, Wind Tunnel Tests and Flight Tests will be
conducted in this WP. WP8 will also intend to dgatie the morphing assessment software throughletbtai
comparison with the data obtained from the winchelrnesting

« WP9: Dissemination, Exploitation and Technology @#at The definition of exploitation strategies,
dissemination and promotion of the project resaltsl to the determination of potential contributidas
standardisation communities will achieved in WP8eT project Web pagevww.change-fp7.euis also
maintained within WP9.

1.2. Project impact

The primary aim of the CHANGIFProject is to increase the performance and efftgiesf an aircraft at all
phases of the flight. The CHANGE&bnsortium will address this by developing a sofevtat will provide the
designer, a tool that gives out the most efficiwimtg shape for any given mission, given the typenofphing
that the aircraft is able to perform. The projelstoaintends to construct a wing which combinegess

morphing technologies, such as wing camber, wingtivtelescopic wing and wing twist, into a singWng.

This is shown in Figure 1.
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Fig. 1. The scope of CHANGE Proje(EHANGE DoW, 2012)

The objective of those is to enable an aircrafutfl several types of missions with the best penfiance in
each of these missions. This is the most direcaghfrom project CHANGE, to increase the perforneant
wings and this boost in performance during thentliof an aircraft will undoubtedly decrease the amaf fuel
emissions during the mission of the aircraft. Thespected impacts can further be elaborated lasvial
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1.2.1. Reduce the overall fuel consumption and é€@2 and NOx emissions of future air transport
aircraft by continuous optimal adaptation of thengito the flight phase

(Rypdal, 2000; Imperial College Document , 200&timate that 5-20% of the fuel consumed througltoet
flight is due to the landing and take-off cycle @J; which comprises all activities near the airgalting place
below 1000m as shown in Figure 2. If the flightaishort range flight, the LTO cycle activities IIvfiurther

increase the total fuel consumption. CHANGE Projscintended to enable the aircraft to be abldlytat

increased performance at any flight phase includigLTO phases of take-off and landing and hemidle
contribute to advantageous results of less emission

3000 feet
(ca. 1000 m)

> LTO-cycle

Taxi / idle Taxi/ idle

Fig. 2. Usual transport aircraft operations dgi@nmissior(Rypdal, 2000)

The technology to be developed within CHANGE Becojwill be originally validated at a smaller ssaly
applying that to a Unmanned Arial Vehicle (UAV), thilhe Project's long-term vision is to transferfat
applications in transport aircraft. A study perfecnby NASA revealed that only “1% of reduction off
consumption can produce savings of as much as @@d@ach year for each aircraft” (Gilyaetl al, 1999).
Hence it is believed that future commercial morghiving applications will be able to lead to hugeirgs as
well.

1.2.2. Develop a support tool/software for the gesif future morphing wings

The developed tool/ software can be used for ttegdeof future morphing wings of passenger aircrafte
software would have total control over the morphawguators of the wing, enabling the full autonstian of
the wing’'s shape morphing. With this kind of autdimaoftware, the aircraft would at all times flyithwv the
highest performance possible, since that the softwauld automatically and continuously changesthape of
the wing to the most efficient wing shape possiblgarding the information provided by the enviromtme

1.2.3. Enable aircraft to recover from situatiorope for accident

The morphing wing to be developed within CHANGBject could change its shape in an emergency gityat
such as the involuntary stall of the aircraft’s gvior engine malfunction, by increasing its planfaarea and
therefore decreasing the stall speed and incrgakeL/D ratio of the aircraft in order to saleathe aircraft
from an impendent crash (e.g. This would enableatfeaft to recover its flight preventing a possiaccident,
since the aircraft would now be able to fly at wdo speed). Two examples of aircraft flight whichneimated in
unfortunate accidents of these kinds, are the BageFlight 301 (1996) and Air France Flight 440@2). In
both those accidents the pilot had a false valispeéd indicated by a faulty air speed indicat@IjAindicating
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a higher speed than the one in which the aircraft flying (Boeing 757, 1999; AF Flight 447, 201Due to

these erroneous airspeed indications, the pilote@sed the velocity until it had passed the siadked of the
aircraft. Unable to recover from this state, bottcraft crashed. The wing of CHANGE would enablelsu
situations to be fully recoverable, applying thquieed changes to the wing shape in such situatomestore
the original flight plan.

1.2.4. Enable UAVs to perform civilian missionstthi@ not possible today or with better performance

Current UAV platforms have been designed for oneciig mission type with no real capability to pmrh
other missions without requiring a large amountnaddifications to the wing and aircraft. Future UAVs
comprising a morphing wing similar to that deveddpin CHANGE Project would be able to fly at their
optimum performance during all their flight phas€onsequently a single UAV would be able to operate
various missions which would otherwise requireesal different UAVs to perform different types missions.

1.2.5. Decrease of the aircraft’s level of acoustigissions

The wing to be developed in CHANGE Project willealtts shape in order to fly with the highest perfance
possible during the whole course of the flight. isTtperformance increase will require a high di¥ter drag
ratio at all phases of the flight. That would lohiaved by an increase in the laminar flow oherwing that is
also responsible for decreasing the level of nemséted from the aircratft.

1.2.6. Increase the passenger’s comfort duringfltgbt

In a climb or descent condition, since the wing wé at all time at its peak performance, the negliactions
will be performed more smoothly than usual andckethe passengers will not fell discomfort.

1.2.7. Enhance EU’s level of expertise in thigifiel

The morphing technology studies and the manufaaifithe wing will provide a larger level of exgset for the
consortium partners in manufacturing these kindstofictures. One other achievements of CHANBBject
consists in developing a software capable of asgp$se best wing shape possible for each giversionsor
activity. The consortium in CHANGEProjectwas assembled in order to promote synergy and baoldion
between experts in the field of morphing technasgand structures (e.g. DLR, UBI, SU, METU, TUXins
materials experts (e.g. INVENT, CU) and an SME &i#d/ manufacturer (TEK).

1.3. Project intentions and achievements

Table | gives the targeted objectives and intertdetinical achievements of CHANGE Project togethigh tine
respective work packages. Table II, on the othedhautlines the intended CHANGE main contribusidar
call AAT.2012.1.1-2.
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Table | - CHANGE Targeted Objectives & Technicahfavements (CHANGE DoW, 2012)

CHANGE Targeted Objectives

CHANGE Technical Achievements

Expected from
WP

Design and develop an assessment software
to evaluate best morphing configuration

Creation of a software module applicable to
commercially available software, capable to evaly
H%glbest morphing configuration using different
complementary morphing systems in one platforn

WP3
at

. . ) . |Design of a prototype wing with complementary | WP4
Design a morphing prototype wing comprised 0 . .
. . . . morphing systems capable to morph to the highestWP5
different morphing systems given four different ) ) . .
. - performance configuration given four different base
performance driven missions L
missions.
Demonstration of the functionality and Multi-mission based design of a wing comprising| WP4
complementarities of the morphing systems | gjfferent complementary morphing systems. WP5
including its main advantages for performancg/alidation of the developed in both wind tunnel andVP7
increase and possible concerns. real flight testing. WP8
Analyze the practicability and possibility of wd
. y . P . y . P ) Y ._|Multi-mission based design and development of | WP5
integration of various morphing techniqueir . . . L ]
wing different morphing techniques within one wing WpP7
WP8
. . ) Validation through wind tunnel testing and flighst
Validate the morphing wing. . aat . va .WI . ng '9
with a morphing wing
. : . . . | WP6
Research novel types of skin for morphing  [Design and manufacture of skin tooling and a &bin
applications the wing developed
WP3

Create a stepping stone for a future cognitive|
morphing assessment software that automati
retrieves the information from the environmen
and its flight mission and morphs accordingly,
order to provide the best performance in fligh

fadigign and development of a software capable tg
evaluate the best morphing configuration given th
flight environment and mission status of the aiitcra

[0

3

Increase the flight performance of aircraft usi
innovative systems.

Design and development of both a morphing
assessment tool, intended for the design of high
performance morphing wings and as a stepping S
ifor a future coginitive morphing assessment syste
and a morphing wing with several complementary
morphing systems capabledbange its configuratig
in order to fly with thehighest performance during
mission flight.

WP3
WP4
o5
nwWP7
WP8

Define a stepping stone for the insertion of
CHANGE to air transport

Design and development of a prototype wing for

tunnel and real flight testing. Positive resultfl wi
provide a functional system to be used for larger

a WP4

UAV platform and system’s validation through windwpP5

WP7
WP8

aircraft.

5
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Table Il — Intended CHANGE Main Contributions foall AAT.2012.1.1-2 (CHANGE DoW, 2012)

AAT.2012.1.1-2Target Outcomes

Project CHANGE Maon€ibutions

(...)Research work will address a wide range of iratime solutions and
technologies for the aircraft, its systems and aamepts for optimum u
of energy and reduction of pollution (noise ands=ions).

Development of a wing comprising several morphiygtems with the
benefit of increased performance during all flighssions of the UAV
CHANGE will be devoted to create a stepping stameuse of this
system of air transport aircraft through its validia using a UAV
platform.

Advanced concepts and technologies for increase@ptimised use of
light-weight metallic, composite materials, inclogimetal laminates, in
primary structures(...)

The CHANGE project envisions the development oinawovative
morphing wing with novel structures and skin matieri

(...)advanced concepts and techniques for applicafion)‘smart’
structures and morphing airframes with a potemdiaéducing greehoug
gas emissions.

CHANGE will be focused on designing and developmnging using
“smart” structures and morphing systems to incréfasaircraft's
performance, potentially reduce the fuel burnednduflight missions.

The CHANGE consortium members also published

saselts about the project studies.

Werteret al. 2013 presented a two-level approach for the cdneéplesign of a morphing aircraft. The first
level was about the morphing concept to be desigmedthe second level was a generic morphing aestel
optimisation framework designed to optimise the phang configuration of the wing. The design apploaas

succesfully applied to the optimisation of botiwésting

wing and a shearing wing for a low-spee@ipdph, and

a high-speed, 80 mph, flight, resulting in draguettbns of 0.65% to 7.00% compared to a hon-moigpkimg.
It was also shown from the morphing energy requéneinpoint of view that consideration of twisting chanism

was more beneficial as compared to the shearinghamégem because of the considerable amount of energy

required to shear a skin. The results of the sjgewiing considered also revealed that the sheaphiog can

lead to more drag reduction than twist morphing.

In another study (Beaverstock et al. 2013 a) avsoé framework was developed and the potentiatfitsn
of span morphing for an Unmanned Air Vehicle (UAd)25kg was evaluated for performance and efficyen
The effects of morphing on the flight stability andntrol was also presented. Figure 3 gives tliavace

framework used.

Input Analy
*Geometry *Asrodynamics
«Stiffness + Mass distribution *Structures

*Flight Cases
*Morphing Concept Constraints
*Morphing Deformations

*Aeroelastics
*Flight Mechanic

sis Outputs
*Performance

«Static and dynamic stability
*Manoeuvrability
«Aeroelastic loads

*Drag

5

A

“Weight minimisation
+Morphing parameter

Optimisation

r N

Fig. 3. Outline of morphing software framework é9erstock et al. 2013 a)
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In another study, where the mission included higkes cruise and loiter phases, the span and twist
morphing were modelled in order to investigatdrtbfects on the range and endurance of UAV. (Restock
et al. 2013b). The results indicated that the optimureespfor aerodynamic efficiency increases with span
retraction. Introduction of a linear twist improvéte optimum efficiency, though not significantihg results
also shown a reduction in root bending moment @htspan and twist morphing which could potentiadigiuce
the weight and increase the mission performan¢bect AV.

Two different methodologies for the design of a UAMrphing wing were studied and presented (Ciagetlla
al. 2013). The first one is called the wing-twist idesmethodology that allows for morphing of onlyeowing
parameter during the optimization which is the tw&nce the optimization uses low-fidelity CFD bysis, the
method is relatively fast. The second approacls aaenber as well as twist change for the optinoratf the
wing performance. Compared to the one-step methaslower because it uses high-fidelity CFDoadkiring
the design. Considering a morphing UAV, like theean the CHANGE project, it was shown that, in gahe
both camber and twist morphing have the possititityenerate a better wing performance for eaghtfiphase.

It was also clearly shown that the selected aigbdpe was important for the performance of thewin
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