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Å Static aeroelastic analyses of a complete aircraft wit such a 
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Wings of the Future

óóFutureWingsôôis an International Project co-financed by the European

Union under the 7th Framework Program (1st June 2013 ï31th July 2015)

ñThink of an airplane as a great body with its end 

structures (wings, horizontal tail surfaces, vertical 

tail surfaces) that could have the possibility to 

change their shape as they had internal nerve 

endings and muscles ...ò



The FutureWings project focused on the study of a futuristic wing

having the capability of changing its aerodynamic shape (óóself-shaping

wingôô)through the use of hybrid materials, made up of piezoelectric

patches co-cured with a composite substrate.

For a morphing wing, traditional control surfaces (such as ailerons,

flaps, slats and so on) are no longer required; that allows us to save

weight in wing structures and reduce the sources of vibrations.

The deformed shape of a wing required by a given flight maneuver

will be obtained as a result of medium/high voltages applied to the

active piezo-electric patches.

Main objectives of the FutureWings project



The final goal of the FutureWings project was to manufacture a

small scale model of a Future Wing section.

This required a proper design of the hybrid active composite laminate

(composite layup, ply stacking sequence, piezo electric fibers

orientation and so on), supported by testing activities and finite element

non-linear analyses.

Deformation tests on the Future Wing model have been carried

out to verify the technical feasibilty of the FutureWings concept.

Main objectives of the FutureWings project



Macro Fiber Composite actuators (MFC)

What is a Macro Fiber Composite (MFC)?

Å Flexible and durable

Å Increased strain actuator efficiency

Å Directional actuation/sensing

Å Damage tolerant

Å Available as elongator (d33 mode)

and contractor (d31 mode)

Å Conforms to surfaces

Å Readily embeddable

Å Environmentally sealed package

Å Demonstrated performance

Å Different piezo ceramic materials

available

MFC benefits

http://www.smart-material.com/MFC-product-main.html

http://www.smart-material.com/MFC-product-main.html


Macro Fiber Composite actuators (MFC)

Length Width Active length Active width thickness

MFC M8528-P1 103 35 85 28
0.3

MFC M8557-F1 105 65 85 57

MFC types and piezoelectric fiber orientation

Units in mm



Macro Fiber Composite actuators (MFC)

How a MFC actuator works:

Á Expansion and/or contraction

Á Bending

Á Torsion

All MFC behave like

elongators/contractors

Upper MFC behave like

elongators, lower MFC

as contractors

All MFC behave like elongators

and/or contractors (piezo fibers

oriented at +/- 45 deg)



Active hybrid composite material (to promote a 
self-shaping mechanism)

An active hybrid composite structure is made up of MFC piezoelectric

layers co-cured with a laminated substrate

The MFC piezoelectric layers behave like actuators, deforming, thus,

the structure.

The kind of deformation induced (bending and/or torsion) depends on

the orientation of the piezoelectric fibers.

No compliant mechanism is required to obtain a desirable deformed-

shape of the structure. This is done by means of the active hybrid

composite material.



Active hybrid composite material (to promote a 
self-shaping mechanism)

A deformed shape of a sample due to a voltage of +1450V applied to 

the lower MFC patches (connected in parallel) 

Bending of a hybrid sample



Active hybrid composite material (to promote a 
self-shaping mechanism)

A typical torsional deformation of a hybrid specimen



FutureWings Unit concepts

Two concepts of FW Unit have been studied:

FW1. This model uses piezoelectric macro-fiber composite actuators

(MFC) M-8557-P1 to change the airfoilôscamber

FW2. This model uses MFCs M-8557(or 8528)-F1 patches for

twisting a thin walled structure

FW1 FW2and/or



FutureWings Unit concepts

Clearly, the final choice was based on:

ÅWhat is the better configuration in terms of the attainable deformed

shape within the current MFC performances (variable-camber or

variable-twist)?

ÅWhat configuration is more feasible from a manufacturing point of

view (number of MFC patches, costs, production time and so on)?

(based on FE simulations )

FW1: Surface actuated variable-camber FW Unit



Surface actuated variable-camber FW Unit

uy = -19 mm

contact areas

bonded areas

elastomeric material

FE analyses of the FutureWing Unit: (adaptvive wing trailing edge)



Surface actuated variable-camber FW Unit

NACA 0012 airfoil

4-ply graphite-epoxy composite

Adaptive wing trailing edge

Adaptive wing leading edge

Membranes

CAD model of the FW Unit


