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Introduction  Apoutthe FutureWingsprojectandits objectives

Wingsof the Future

AnThink of an airplane as a great

(wings, horizontal tail surfaces, vertical tail surfacef)at could
have the possibility to change their shape as they had interns
nerve endings and muscl
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Introduction  Apoutthe FutureWingsprojectandits objectives

Wingsof the Future

The FutureWingsrojectfocuseson the developmenbf a wing structurehavingthe capabilityof changingits

aerodynamicshape( 0 6-shapingwingd &hroughthe useof a new type of hybrid materials madeup of
piezoelectridibersdrownedinto compositanaterials

For a morphingwing, traditional control surfaces(such as ailerons flaps, slats and so on) are no longer
required thatallowsusto saveweightin wing structuresandreducethe source®f vibrations

The deformed shapeof a wing required by a given flight maneuverwill be obtainedas a result of
medium/highvoltagesappliedto theactivepiezcelectriclayers

Low electricpowerlevel andvery small currentintensityvaluesshouldbe requireto deformthe FutureWings
structure

SEVENTH FRAMEWORK ar
PROGRAMME

M. Chiarelli, V. Binante, M. Cagnoni, A. MassaiKunzmannA. Colbertalg D. Romano| 4" InternationaM/orkshop on FlighPhysics& Aircraft Designi Aachen, 2729 October 2014



Introduction  Apoutthe FutureWingsprojectandits objectives

Wingsof the Future

Thefinal goalof the FutureWingrojectis to manufacturea smallscalemodelof the FutureWing.

This requiresa proper design of the hybrid active compositelaminate (compositelayup, ply stacking

sequencgepiezo electricfibers orientationand so on), supportedoy testingactivities andfinite elementnon
linearanalyses

Mechanicaltestson the Future Wing model will be carried out to verify the technicalfeasibilty of the
FutureWingsconcept
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Introduction

Some notes ohybrid specimens

Hybrid Specimens

Until now, much effort into the projecthasbeenmadeat studyingdeformationbehaviorsof realistic hybrid
specimensnadeof compositematerialsandMacro Fiber Compositg MFC) piezoelectrigpatches

Two kindsof hybrid specimenfiavebeenconsidered

M8557-F1 patches

(3 for each side) M8528-P1 patches

(3 for each side)

Substrate laminate

Substrate laminate

torsionspecimen | bending specimen
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Hybrid SpecimensLaminatedsubstrate

Foreachkind of hybrid specimenstwo typesof laminatedsubstraténavebeenconsidered

x  4-ply GraphitédEpoxylaminate made of KGBX25084®0Afabrics

x  4-ply Glassépoxylaminate made of GGBX2808¥90Afabrics

Two ply stackingsequencebavebeenchoserfor thetestingactivities

Plyld Sequencel Sequence

1 +45/-45 0/90
2 0/90 +45/45
3 0/90 +45/45
4 +45/45 0/90

Mechanicalpropertiesof KGBX2508 and GGBX2808 fabrics have beenobtainedby meansof material
characterizatiotests

M. Chiarelli, V. Binante, M. Cagnoni, A. MassaiKunzmannA. Colbertalg D. Romano| 4" InternationaM/orkshop on FlighPhysics& Aircraft Designi Aachen, 2729 October 2014



Introduction

Some notes ohybrid specimens

Hybrid SpecimensMacroFiber Composite (MFC)

Whatis a MacroFiber Compositg MFC)?

N

/I\/IFC benefits

Flexibleanddurable
Increasedstrainactuatorefficiency
Directionalactuatiomsensing
Damageolerant

Available as elongator (d33 mode)
andcontractor(d31 mode)
Conformsto surfaces
Readilyembeddable
Environmentallysealedpackage
Demonstrategerformance
Different piezo ceramic materials

To o Po Po Po o o o Do Do

Ve

available /

Interdigitated
electrode pattern on

polyimide film (top and
bottom)

Structural epoxy

Inhibits crack
propagation in ceramic.
Bonds actuator
components together.

Permits in-plane
poling and
actuation of
piezoceramic (ds
versus ds,
advantage)

Sheet of aligned
rectangular
piezoceramic fibers

Improved damage
tolerance and flexibility
relative to monolithic
ceramic.
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Hybrid SpecimensMacroFiber Composite

MFC typesandpiezoelectridiber orientation

Elongation Torsion

Bending

unitsin mm :
Length Width Active length Active width thickness MiatE! R R
* high strain (d33) * high strain (d33)
MFC M8528P1 103 35 85 28 . -500V ... 1500V « 500V ... 1500V
MEC M855ZF1 105 65 85 57 0.3 * 0° fiber orientation * 45° fiber orientation
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Hybrid SpecimensHow a MFCworks

Two operationamodes

MFC P1 Type (d33 effect) Elongator MFC P2 Type (d3q effect) Contractor
® powerful actuator ® Low Impedance sensor
® sensitive sensor ® energy generator
epoxy metal layer - IDE metal layer - IDE metal layer - surface
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Hybrid SpecimensManufacturing

Bendingspecimens
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460
@3 Nr 5 holes
ply stacking sequence
: X # Part Nomenclature Qty Material
: '2 II 1 specimen substrate | 1 graphite-epoxy / glass-epoxy
T 3 | 2 M8528 -P1 B MFC piezoelectric
\ 4 fi 3 grips 2 epoxy
nEI\s.imi":;hzéel Cagnoni I -
nATE: 1170272014 UNIVERSITY OF PISA H _
Sequence N.1 |Sequence N.2 T o Department of Industrial and Civil [g _
ply 1 +45/-45 0/90 XX Engineering - Aerospace Division =
ply 2 0/90 +45/-45 _ XXX £
o General tolerances according to UNI -
e ply 3 0/90 +45/-45 A3 Q.@g\_. ; 1 ) B
sper [ ply 4| +45/-45 0/90 s ooor . tolerance class medium o
1:2 bending specimen 1/1 B
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Hybrid SpecimensManufacturing

Torsionspecimens

Sampleweigth[g]
Graphitédepoxylaminate  Glassépoxylaminate
Bendingsample 74 78
Torsionsample 137 147
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