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Publishable summary

Summary description of project context and objecties

The FutureWings project is aimed at the theorestadly, and preliminary experimental validation,aofving
structure having the capability of changing itsodgnamic shape through the use of a new type ofichyb
materials, which are based on the implementatidayafrs of piezo-electric fibers into laminatescomposite
materials.

Such a wing will be capable to deform on commaniickvmeans that it will be possible to modify aaftr
aerodynamic loads without the installation of ttiadial control surfaces (ailerons etc.) in the sing

In this sense, the application of the control deviis not conventional, because the piezo-elemttive layers
embedded in the composite material structure willied to obtain the desired deformed shape afitigeand
not only to control the dynamic behaviour of theagvistructure, as it is presently done in a cemaimber of
groundbreaking applications.

The deformed shape of the wing will be obtaineditiexc the active piezo-electric layers in a qudatis
manner, and that gives us the possibility to ussveelectric power level: it is therefore expectkdt very low
current intensity values and medium voltage valu#de necessary to command the FutureWings strect

A small scale model of Future Wing will be manufaet! in the second period of the project: it wilfealized
through the proper design of the hybrid active cositp laminate, based on the experience donedestitnoc
specimens of the same material and setting up laatmu models, which have started in the first @ebri
Mechanical tests on this model will be carriedtouterify the technical feasibility of the Futurefds concept.

At the same time, a good part of the scientifiorsf will be devoted to the theoretical study @& thechanical
behaviour of an innovative aircraft based on theifeWings concept, that is an airplane without higlocity
control surfaces on wings (ailerons), without hamial control surfaces (a fully deformable horizdriail is
considered) and without rudder (fully deformabletieal tail).

In addition, the complexity of problems and the eityvof challenges which characterize the Projegtes the
way for the preliminary development of an integiatiesign tool which would allow a simplified and,tlae
same time, robust handling of the structural agchitre of the components of an airplane.

The entire project is divided into 10 Work Packaged 23 Tasks having the following objectives whidgh
converge into the single more above mentioned@dhk Project:

Obj. N.1: Characteristics relevant to the utiliaatiof Piezoelectric Fibers Laminas into “activeustures”.
Measure of the structural characteristics (stdtinamic, effects of temperature). Are the laminéb RE fibers
embeddable within laminates of composite mateaidlar than simply be glued as MFC? Identificatibfuture
research to be done to improve their performance.

Obj. N. 2: Utilization limits of the PiezoelectriEibers Laminas as structural active components.chiVhi
deformations imposed by the laminas with PE filaeesnecessary to obtain the aerodynamic contrhahg?
How many laminas of PE are necessary to produdedeformations? Is this number realistically aggile?

Obj. N.3: Comparison between the structural behavid a Future Wing and a Conventional Wing. What a
the structural differences between a wing with afdeed PE Fibers Laminas compared to a conventioingl w
(deformability, weight, simplifications, complexj®/What are the differences in their aeroelastatieur?

ODbj. N.4: Development of new calculation technigsiescific to the purpose. Development of analyticatiels

for the calculation of active modular wing struesi(Future-Wing Unit). Development of a computetector

the optimization of the active structure (balanetween the lay-up of passive carbon-fibers layarshe
structure and the distribution of the minimum numbé active PE layers to get the aerodynamic forces
consistent with the structural strength).

Obj. N.5: Integrability of Piezo Electric Fibers manas as structural active system in a wing. Winatthe
technical limits (number and typologies of wire geations, insulation’s problems), drive (voltagewpr) and
control (software) that might prevent the instaiatand the use of a large number of PE Fibers hasnin a
wing structure?
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Obj. N.6: Feasibility and limits of the Future Wsdiirplane concept. To which extent the presence of
Piezoelectric Fibers Laminas affect the mechanieghonse of the structure? What is the expectes v
deformation that active elements can produce irsisteucture? What are the technological limitsitoease the
performance of hybrid composite laminates havingesided Piezoelectric Fibers Laminas, and whanstdds

to be done to overcome such limits?

Description of work performed and main results

Theoretical and computational analysis

Looking at the first part of the Project, a thelm@tmodel based on the classical elementary thebtige thin
walled structures (lumped parameters model) has Hegeloped; the warping constraint effects havenbe
evaluated by means of the standard method of éisé@ty equations. The effects of imposed sheainstin the
panels (pure torsion) and imposed axial strainthénbooms (differential bending) have been analyaadl
modeled in a uniform beam (no taper, uniform ansdwgenous material) representing a wing-box witimgply
connected cross section: this condition simulatesapplication of piezoelectric MFC patches on libam
panels.

A closed form solution has been obtained for thedtation angle due to torsional effects: thetimteangle of
the beam tip depends linearly on the forced shefarmation component; moreover there is, obviowalo a
contribute coming from the axial constraint in theoms, but this contribute becomes negligible {ist f
approximation) increasing the number of hyper statiknowns in the model. In other words, also ia tiase
the effects of the constraint are very importamy oear the clamped root section, as it is welvano

In a technical but futuristic application of thexhnology, as a first result, it can be said thateform complex
and robust aero structures we would need to gge ldeformations actuators (for example providingimam
elongations at least equal to 10000 ppm or 1506¢).pp

At the same time a very important amount of work baen dedicated to the simulation of realisticridyb
specimens made of composite materials and MFC gmt8ending and torsion specimens have been studied
detail for several weeks by means of non-lineaaR&yses. At the end of this analysis, detailedithgs of the
specimens have been prepared in order to procéledheimanufacturing and testing phases.

Experimental evaluations

A set of little strips of carbon/epoxy laminatesl aylass/epoxy laminates have been cut in a miliraghine
starting from thin plates made of 4 layers of 2 thiok fabric. These strips, instrumented by medrisiaxial
strain gauges, have been used as specimens faunmgabe elastic characteristics of the orthotuibstrates
material used for the hybrid specimens.

The hybrid specimens have been manufactured indifferent typologies: carbon/epoxy substrates and
glass/epoxy substrates. The piezoelectric actuatade with MFC patches have been glued on botls sidkae
substrates. The possibility of a co-curing techaeiguas evaluated, but due to the uncertainty offitied
thicknesses and the stiffness characteristic afpleeimens, it was decided not to use it.

The mechanical components of the test equipmerd baen produced, in particular a system of thresati
slides controlled by computer has been realizedsasdmbled. This slides allowed the positionintheflaser
sensors that have been used to measure the def@imation of the hybrid specimens, and the dedtions
induced by the piezo-electric actuators duringdisés. A preliminary and novel version of the ettt control
system of the piezo-patches has also been prodincedrticular. a High Voltage Amplifier with 6 iegendent
channels has been manufactured to the purpose.

Preliminary deformation tests of the hybrid speciménave been carried out: the comparison between
experimental and numerical results shows a vend gagreement, confirming the validity of the numalric
models developed in the first part of the Project.

Measurements of the mechanical behaviour of theidjdominates specimens (piezo-layers + compoaiters
and/or piezo-layers + aluminum-alloy-layers) wilintinue in the second part of the Project, and thidybe
accompanied by mechanical and functional testsssnadl-scale model of Future-Wing.

Analysis of the flight mechanics of the “Future-\@8nConcept Aircraft”.
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A preliminary work aimed at determining the flightchanics characteristics of an innovative airctefigned
under the “Future Wings” concept has started. htiquéar, starting from the CAD model of a refereraircraft
that has been made available by the industriahgadf the Consortium, a parametric geometry ofalheraft
with deformable wings has been constructed.

This parametric tool will be used to update therait lists that is actually available in a fligtiémonstrator
developed at the University of Pisa. At the endhid activity, the simulation of a flight of a FugdWing
aircraft configuration will be possible (at leastaleron’s maneuver will be simulated).

At the same time the basic principles and critiesirelevant to the development of a numericabelastic
model of a Future-Wing aircraft have been defined discussed thank to the substantial contributifothe
industrial partner of the consortium.

At the end of the Project, it will be possible tate an assessment of the aero-elastic and aeramesih
characteristics of an aircraft based on the Futvireg concept, and a comparison with a conventiainatatft.

Expected final results and potential impacts
Scientific and technological contribution in therketi of new materials

The FutureWings project is going to sign a sigaificstep ahead in the knowledge of Piezo Electhers
Laminas behaviour, giving to the community moreacl@eas on their exploitability as part of struatu
elements. More in general, it will allow an imprawvent in the knowledge and products developmerttdriield

of new materials (hybrid composite materials), aiitl contribute to the development of a Europeagaanf
technological excellence in the market of new nmaterthat is one of sectors with the strongesemtal

economical development in the world in the decéolesme.

The increase of scientific tools of investigatiarsd technological know-how produced by the projed,
provide an important contribution to the compare®lved, and a potential strong increase in thesibdities
of application of smart materials not only in theraspace industry but also in the mechanical antl ci
engineering. Work opportunities for of young engise high-level technical staff, skilled workerdaat the
same time, applied research opportunities will yefully much increased at the end of the projeatdthe
covered subject of actual and increasing interest the industrial point of view.

As far as aeronautical applications are concefhedtoo early to draw conclusions, neverthelesmfthe initial
knowledge developed in the first part of the Prigjitceems that structural applications of Pielaxtic Fibers
Laminas shall be accompanied by the developmemiaE performing materials, even if the possibibity
positioning self deforming structures starting frma wing tip, play a positive role in reducing reaver loads
and necessary deformations.

At the end of the project the small scale FutureyWhodel, principally conceived and used for theegxnental
part of the research, will be a powerful tool fentbnstrations during the dissemination activitiethe project
results.

Computer aided inventive design

A further development of a multi-disciplinary optzation software can lead to the development of aed
very efficient methods, fast and flexible, for @gsng complex and highly integrated engineeringesys,
structures and machines. In fact, new softwareymtsdvill be early necessary in the project in otdebe able
of simulating a complex and completely new systt@:Future-Wings Aircraft, where no previous exgece
and reference data exists, nor can be used teedefangood form its technical specifications.

This type of software will allow to get new skills an innovative field that can be called “Computéded
Inventive Design”. This will not be just a simplew CAD code, but a software tool that will helpthe first
design phase that, as it is well known, strongpetiels on the quality and the skills of the persbinwelved.

In other words it will be a first tangible approacha new design tool aimed to “virtually handlet' real time
within a computerized virtual environment, the shagd new products belonging to completely different
technological fields and that, at their early stage only in the mind of the more experiencedgihess.

Again, the development of a new European area difntdogical excellence in the global market of
computerized and integrated products design, wipdissible starting from FutureWings project rasult



