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Abstract

The future generation of high lift devices must reduce aircraft noise and drag; Given the absence of
gaps, seams and steps, smart droop nose has been identified as one of the future devices to accomplish
this objectives. Moreover, in aircraft design there is an incompatibility: for cruise flight a little
cambered wing provides better efficiency, but for take-off, landing and loiter a cambered wing is the
best option. The smart droop nose is a leading edge device which increases the curvature of the
camber and not only produces additional lift, but also (and mainly) increases the stall angle, αs. On
the other side, given the interesting properties of magnesium alloys, the lowest density of all metallic
constructional materials and high specific strength to weight ratio, have been identified as a material
with great potential for future applications in aerospace industry. However, they experience a unique
mechanical behavior which is still under research. This work presents a description of the design’s
methodology of a smart droop nose using a compliant-mechanism made of AZ31B-F magnesium alloy.
A structural optimization and an aerodynamic assessment of the capabilities of the smart droop nose
are present. The final result provides improvements related with the stall angle, stall velocity, loiter
time and overall weight when compared with aluminum alloys. In regards to the mechanical behavior
of the AZ31B-F magnesium alloy when subjected to multiaxial loadings, a comparative study between
the theoretical models of critical plane orientation and the experiemental results were performed; Some
theoretical models provided acceptable results when compared with the experimental fractographic
analysis.
Keywords: Smart Droop Nose, Structural Optimization, Compliant Mechanism, Multiaxial Fatigue,
AZ31B-F Magnesium Alloy

1. Introduction

In aeronautics, morphing is commonly referred as
’a set of technologies that increase a vehicles per-
formance by manipulating certain characteristics to
better match the vehicle state to the environment
and task at hand’, [4]. However, there is no consen-
sus about the exact definition of morphing, since
some authors associate technologies as flaps, slats,
etc. to morphing devices, while other allocate it in
fixed wing technologies. Due to the lack of agree-
ment about the type or the extent of the geometrical
changes necessary to be qualified as shape morph-
ing, its definition is not established. Nevertheless
the capabilities that it enables are identified: ’in-
creases the adaptability of the vehicle to enable op-
timized performance at more than one point in the
flight’, and increases conventional mission capabil-
ity or enables new mission capabilities that are not

possible without the shape change, through an ex-
panding of the flight envelope, [8]. In future morph-
ing will be used to: 1. improve aircraft performance
to expand its flight envelope; 2. replace conven-
tional control surfaces for flight control to improve
performance and stealth; 3. reduce drag to improve
range; 4. reduce vibration or control flutter, [13].
There are several types of morphing: wing, fuse-
lage/tail and engine morphing. Within wing, the
concepts can be separated in 3 groups, figure 1.
This work focus on the smart droop nose device
(aileron morphing), [3, 6].

Trailing edge flaps increase the lift but, in fact,
decrease the stall angle due to the changes in the lo-
cation of the stagnation line and local pressure gra-
dient near the leading edge, which leads to a leading
edge flow separation. To overcome this problem a
common solution is to increase the leading edge ra-
dius through leading edge device. Smart droop nose
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Figure 1: Wing morphing by Barbarino et al., [3]

is a seamless and gapless leading edge device com-
monly associated to new morphing technologies and
seen as a mandatory enabler for future wings to in-
crease aerodynamic efficiency and reduce acoustic
emission. Its actuation is usually performed by a
mechanism designed to have some mobility by elas-
tic deformation in one or more elements, instead the
traditional mobility by movable joints. This type of
mechanism are called compliant.

Recently, magnesium alloys have kept the atten-
tion of automotive and aerospace industry, and have
been used in several high-end applications such as
Formula-1 and Boeing aircraft models. Magnesium
is the lightest structural metal available, with a den-
sity lower than aluminum’s about a third; It con-
stitutes about 2% of the earth’s crust, and it is
the third most abundant element dissolved in sea
water, averaging a concentration of 0.3%, i.e., ap-
proximately 1.1 kg per cubic meter of water which
indicates that magnesium is a resource hardly in-
exhaustible. In fact, magnesium is the eighth most
common element and the sixth most plentiful metal
on earth. However, in order to be suitable for me-
chanical application it must be alloyed to improve
the mechanical properties which are greatly appre-
ciated due to their high strength to weight ratio,
stiffness and low density. The extensive use of mag-
nesium alloys would have a beneficial impact on the
environment since they present good recyclic prop-
erties and promote the reduction of CO2 emissions
through a reduction of fuel consumption; This re-
duction would be achieved with structural weight
reduction substituting aluminum alloys for magne-
sium alloys. In fact, this is the main reason to
justify the great interest on this type of alloys.
However, the hexagonal close-packed (HCP) crys-
tal structure provides a peculiar mechanical behav-
ior under multiaxial loadings, thus it is essential to
study and research this type of alloys.

Considering the benefits that morphing struc-
tures and devices may provide to an aircraft, seam-
less and gapless high lift devices are easily identified
as a new trend on the aeronautical design. Hav-
ing that the magnesium alloys are considered ma-
terials with great potential for future applications
on automotive and aeronautical industries and are
commonly seen as a good alternative to aluminum

alloys, this works aims to design a smart droop
nose device with AZ31B magnesium alloy, this way
a concept and a material often related to future
trends are assigned. Since it is crucial to assess
accurately the fatigue crack propagation lives and
final fracture modes, this issue have kept the scien-
tific attention. There are a lot of studies regarding
this problem on steels but just a few on magnesium
alloys. Plus, the state of the art on the research
of smart droop nose devices neglects fatigue and
material behavior under cyclic loading of the com-
ponents. Generally complex shapes and multiaxial
loading conditions lead to the initiation and propa-
gation of fatigue cracks, causing structural failure.
Thus, this work also aims to provide a study on the
critical plane orientation of the AZ31B magnesium
alloy when subjected to multiaxial loading, [2].

2. Smart Droop Nose Background

The objective of this work is to design a smart
droop nose device using a magnesium alloy in the
compliant mechanism. The starting point to the
research and design of the smart droop nose is the
work developed by Radestock et al. in DLR, where
it is considered an UAV with 4m of span. It con-
sisted on a skin optimization with the main objec-
tive to realise a skin layup and a load introduction
point, to match the target shape. Later, a topology
optimization was performed to realise a compliant
mechanism to be placed inside the leading edge. Af-
ter this step, the mechanism was manufactured and
tested in a experimental investigation to clarify the
divergence between the simulation and the manu-
factured kinematic, [10]

The final result consisted on a compliant mecha-
nism attached to the skin through a omega stringer,
actuated by a servo-mechanism. This device has a
particular feature: it provides a positive droop nose,
deforming the leading edge to a upper position, in
contrast to the majority of the smart droop nose in-
vestigations that deform the leading edge to a lower
position. In figure 2 are shown some details of the
device, [10].

Figure 2: Assembled device, [9]

1. Skin: some holes for countersunk bolts can be
observed;
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2. Stringer: its function is to attach the compliant
mechanism and the skin; it is located in the up-
per surface of the skin and presents some rein-
forcement plates contacting with the actuation
mechanism. However, no information was pro-
vided in regard to the connection of this part
with the skin, nor between this part and the
compliant mechanism;

3. Compliant Mechanism: applies the actuation
motion from the servo-mechanism into the
skin; It is connected to the front spar through
a fixing part: pins, bolts or similar; The up-
per part is completely constrained but the
lower one allows the actuation of the servo-
mechanism. This concept is based on the flex-
ure hinge, since it bends and allows rotation of
other parts.

4. Servo-mechanism: provides the necessary ac-
tuation to the desired droop nose;

5. Front Spar: where the servo-mechanism and
the skin are fixed;

3. Magnesium Alloy Background

Structural materials present different properties
according to the cyclic and monotonic regimes that
they are exposed. Magnesium alloys tend to have a
cyclic hardening behavior highly dependent on the
grain refinement, purity, lattice intrinsic behavior
like twinning or foundry transformation processes.
The mechanical properties of the AZ31B-F magne-
sium alloy are presented in table 1, [2].

Mechanical Properties

Young’s modulus [GPa] 45
Poisson’s ratio 0.35
Density [Kg/m3] 1770
Hardness [HV] 86
Tensile strength [MPa] 290
Yield strength [MPa] 203
Elongation [%] 14
σf Fatigue strength coefficient 450
b Fatigue strength coefficient -0.12
εf Fatigue ductility coefficient 0.26
c Fatigue ductility exponent -0.71

Table 1: Mechanical properties of AZ31B-F magne-
sium alloy

There are several models to estimate the critical
plane orientation and multiaxial fatigue life, pro-
jecting the stress tensor in several planes to deter-
mine the one which maximizes the inherent damage
parameter.

3.1. Fatemi and Socie Criterion

The Fatemi and Socie model suggests that the
critical plane orientation θ is the one that maxi-
mizes the F-S damage parameter:

maxθ

[
∆γ

2

(
1 + k

σn,max
σy

)]
(1)

where ∆γ is the shear strain range, σy is the mate-
rial’s yield tensile strength, σn,max is the maximum
normal stress on the plane of maximum shear strain
and k is a material constant, [7].

3.2. Smith, Watson and Topper Criterion

This model is a critical plane model based on
principal strain range plane and maximum stress on
that plane, and can be expressed by the following
equation:

maxθ

(
σn,max

∆ε1
2

)
(2)

where σn is the normal stress on a plane θ and
∆ε1 is the principal strain range on that plane, [2]

3.3. Liu Criterion

Liu´s model to estimate the fatigue life is based
on the virtual strain energy. For multiaxial load-
ing, this model considers two parameters associated
with two different modes of fatigue crack: Mode I
(tensile failure) and Mode II (shear failure), and the
virtual strain energy is given by the sum of elastic
and plastic work components. Failure is expected
to occur on the plane in the material with the max-
imum virtual strain energy quantity.

∆WI = (∆σn∆εn)max + (∆τ∆γ) (3)

∆WII = (∆σn∆εn) + (∆τ∆γ)max (4)

Where τ and γ are the shear stress range and
shear strain range, respectively, ∆σn and ∆εn are
the normal stress range and normal strain range,
respectively, [2].

4. Smart Droop Nose Design Strategy

The initial specifications to design the smart
droop nose are: wing span of 4 meters, chord of
0.6 meters, leading edge morphing of 30% of the
chord, NACA 2510, servo-mechanism to transfer
loads from the compliant mechanism to the skin
through a omega stringer which is capable of trans-
mitting both forces and moments, flexible fiber glass
composite for skin of 42 GPa of Young’s modulus
and 0.26 of Poisson’s ratio.
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4.1. Design Framework

It is necessary to guarantee that the smart droop
nose will provide aerodynamic improvements, that
it will match the target shape and the mechanism
can withstand the loads within its yield strength.
Thus, a design process was established, as repre-
sented in figure 3.

Figure 3: Design framework

To perform the aerodynamic assessment was used
the software Javafoil R© which provides traditional
methods and several tools to study airfoils; The
backbone of the program uses the potential flow
analysis done with a higher order panel method
(linear varying vorticity distribution). The analysis
were performed using Reynolds numbers of 450,000,
650,000, 830,000 and 1,000,000.

The structural optimization was performed us-
ing a routine of Ansys R© APDL and an algorithm
with the function fmincon of the Matlab R© Opti-
mization Toolbox; This function uses finite differ-
ences to calculate the objective function and, verify-
ing the applied constraints, finds a local minimum.
This process required as input the finite element
model and used as variables the skin and compli-
ant mechanism thickness distribution, the stringer
thickness and the actuation performed by the servo-
mechanism to fit the target shape. As the objective
of the design is to match the target shape, the objec-
tive function is the minimization of the maximum
error that occurs between the deformed shape of the
structure and the target shape. Thus, is necessary
to build carefully a post-processing model able to
deliver the error of the deformed shape. The base
line of the post-processing algorithm is the compar-
ison of the displacements of the skin nodes with the
target shape; For this, it is essential to compute the
local, maximum and mean errors.

5. Material, Equipment and Methods

The objective of this work is to add value and in-
formation to the investigation done by Anes et al.,
testing the alloy under different cyclic conditions:
0◦, 30◦, 45◦, 60◦, 90◦ proportional and 45◦ non pro-

portional loading, see figure 4, and with this trying
to cover the broadest selection of loading conditions.

Figure 4: Loading paths

The experimental tests were performed in the In-
strons biaxial servo-hydraulic machine, model 8874
on the laboratory of mechanical engineering depart-
ment of Instituto Superior Técnico. The geometry
of the specimens used are represented in the figure
bellow.

Figure 5: Specimen geometry [mm]

To analyze the fracture surface was used the Ve-
hos USB digital microscope also present in the lab-
oratory.

6. Structural Optimization Results

After the optimization of the skin thickness dis-
tribution, compliant mechanism thickness distribu-
tion and actuation of the servo-mechanism, the final
deformed structure is represented on figures 6,7 and
8.

Figure 6: Deformed structure at white and target
shape at blue
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Figure 7: Thickness of the elements of skin and
compliant mechanism

Figure 8: Comparison of the target shape (at blue)
and the deformed shape (at red) [m]

The Mean and Maximum error of the final de-
formed structure to the second target shape are the
following:

• Mean Error = 0.175%

• Maximum Error = 0.424%

The actuation done by the servo-mechanism is
approximately 16◦.

The results of the skin thickness optimization are
represented in tables 2, 3, 4 and 5.

Thickness distribution of upper surface

Location [cm] 0 2.611 5.703

Thickness [mm] 0.262 1.662 2.201

Table 2: Results of the optimization of upper sur-
face of the skin

Thickness distribution of upper surface

Location [cm] 7.822 10.794 13.298 18

Thickness [mm] 2.592 1.974 2.548 2.55

Table 3: Results of the optimization of upper sur-
face of the skin

Thickness distribution of upper surface

Location [cm] 0 3.636 4.991

Thickness [mm] 0.262 1.671 4.287

Table 4: Results of the optimization of lower surface
of the skin

Thickness distribution of upper surface

Location [cm] 10.415 12.819 18

Thickness [mm] 2.387 1.878 4.8227 4.82

Table 5: Results of the optimization of lower surface
of the skin

To facilitate the comprehension of results of the
compliant mechanism optimization, first is neces-
sary to divide it in 3 different parts, illustrated in
figure 9, for which the thickness distribution will be
present in tables 6, 7 and 8.

Figure 9:

Thickness distribution of part A

Location [cm] 2.742 4.800 14.216 14.310

Thickness [mm] 8.203 5.313 9.136 9.212

Table 6: Results of the optimization of part A of
compliant mechanism
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Thickness distribution of part B

Location [cm] 3.330 7.998 8.272 12.336 15.300

Thickness [mm] 3.778 2.995 2.352 4.816 5.832

Table 7: Results of the optimization of part B of
compliant mechanism

Thickness distribution of part C

Location [cm] 4.800 7.998

Thickness [mm] 2.467 3.682

Table 8: Results of the optimization of part C of
compliant mechanism

Figure 10 shows the CAD model of the compli-
ant mechanism. Fillets were added; This may have
a positive impact on reducing the stresses on the
magnesium alloy, although it might increase the
mechanism weight.

Figure 10: a) Front view of compliant mechanisms
CAD; b) Other view of compliant mechanisms CAD

6.1. Aerodynamic Assessment

Tables 9 and 10 show the variation in stall angle
and lift coefficient respectively. It can be noticed
that for discretization with 100 or more points the
results do not vary significantly, therefor can be con-
sidered converged.

N Points Reynolds

450,000 650,000 830,000 1,000,000

Normal Def Normal Def Normal Def Normal Def

51 10◦ 12◦ 11◦ 12◦ 11◦ 12◦ 11◦ 12◦

101 10◦ 12◦ 10◦ 12◦ 11◦ 12◦ 11◦ 12◦

149 10◦ 12◦ 10◦ 12◦ 11◦ 12◦ 11◦ 12◦

Table 9: Stall angle of the normal and the deformed
airfoil for different Reynolds numbers, calculated in
Javafoil varying the number of airfoil points

N Points Reynolds

450,000 650,000 830,000 1,000,000

Normal Def Normal Def Normal Def Normal Def

51 1.239 1.378 1.263 1.386 1.277 1.390 1.282 1.393

101 1.207 1.350 1.218 1.360 1.225 1.365 1.230 1.368

149 1.206 1.352 1.218 1.362 1.229 1.367 1.235 1.370

Table 10: Lift coefficient, Cl, of the normal and de-
formed airfoil for different Reynolds numbers, calcu-
lated in Javafoil varying the number of airfoil points

6.2. Remarks

Structural Optimization

Analyzing the previous results of the structural op-
timization is possible to take the following insights:

• From figure 6, it is possible to observe that
the final deformed shape of the droop nose
is quite similar to the first target shape;
When comparing it with the second target
shape, having a Mean Error of 0.175% and
a Maximum Error of 0.424%, it is easy to
understand that the errors are quite small; For
instance, the maximum error is equivalent to
0.76mm.

• Another important result taken out from the
structural optimization is the actuation per-
formed by the servo-mechanism: 16◦, which is
absolutely possible to perform.

• The skin thickness distribution (having a max-
imum of 2.55mm), when compared to the work
of Radestock et al. with a constant thickness
of 2mm, is acceptable.

• The maximum von Mises stress in the compli-
ant mechanism is 200 MPa which is below the
yield strength of the AZ31B-F magnesium al-
loy, verifying the constraints of the model.

This results demonstrate that the structural op-
timization was useful, since the final result provides
a very good deformed shape, acceptable results and
all the constraints were verified.

Aerodynamic Optimization

Regarding the aerodynamic assessment of the
droop nose, tables 9 and 10 are clear: the deformed
configuration of the droop nose provide aerody-
namic improvements for a broad range of Reynolds
number. This improvements vary with the number
of discretization points of the airfoil, but as referred
in section 4 this happens due to the panel method
used in Javafoil R©. From Table 9, where it is synthe-
sized the variation of the stall angle, αs, it is pos-
sible to observe that for higher Reynolds (830,000
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and 1,000,000), the stall angle increases 1◦, but for
lower Reynolds (450,000 and 650,000), when the αs
plays an important role, in general the droop nose
configuration provides an increase of 2◦.

Regarding the table 10 some conclusions can be
drawn. For instance, considering the coefficient of
lift:

Cl =
L

1

2
ρv2c

(5)

where L is the Lift, ρ is the density of air, v is
the velocity and c is the airfoil chord, is possible
to build a relation between the stall speed of the
normal and the deformed airfoil:

∆vstall = 1 −

√
Clnormal

Cldeformed

(6)

where the subscript normal and deformed stands
for the normal and deformed configuration. Thus,
we can calculate the variation of the stall speed for
the two configurations:

∆vstall [%] Reynolds

450,000 650,000 830,000 1,000,000

149 5.55 5.43 5.18 5.05

Table 11: Relation [%] of stall velocities computed
with equation 6

From the table 11 is possible to observe that in
average the stall speed was reduced 5% which is an
improvement.

Another important insight that is possible to
quantify is related to loiter flight condition. Having
that the loiter flight condition requires a high CL
value and that the flight endurance is given by, [5]:

E =
1

C

L

D
ln(

Wi

Wf
) (7)

where E is the endurance, C is the thrust-specific
fuel consumption (depends on the engine), D is the
drag and Wi and Wf are the initial and final weight
of the aircraft during the loiter time, respectively.
Considering a loiter condition for the same velocity
and having that the thrust-specific fuel consump-
tion remains constant and for the same amount of
fuel, the droop nose configuration provides a higher
L/D, which leads to an increase in loiter time.

7. AZ31B-F Results

The experimental life results concerning the nomi-
nal equivalent von Mises stress are presented in fig-
ure 11.

Figure 11: Experimental life concerning the nomi-
nal equivalent von Mises stress

7.1. Critical Plane Analysis

The figures below show the critical plane results
for the loading paths studied.

Figure 12: Fatemi model: Fatigue damage parame-
ter and plane orientation

Figure 13: SWT model: : Fatigue damage parame-
ter and plane orientation
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Figure 14: Liu 1 model: : Fatigue damage parame-
ter and plane orientation

Figure 15: Liu 2 model: : Fatigue damage parame-
ter and plane orientation

[◦] Case 1 Case 2 Case 3

Measured 0◦ 45◦ -40◦

FS ± 40◦ ± 3◦; ± 87◦ - 13◦

SWT 0◦ ± 45◦ 25◦

Liu I 0◦ ± 45◦ 25◦

Liu II ± 45◦ ± 90◦; 0◦ -20◦; 70◦

Table 12: Critical planes measured and estimated

[◦] Case 4 Case 5 Case 6

Measured -5◦ -28◦ -13◦

FS 0◦ -22◦; 55◦ -6◦; 70◦

SWT 0◦ 17◦ 32◦

Liu I 0◦ 17◦ 32◦

Liu II -90◦; 0◦ -28◦; 62◦ -13◦; 77◦

Table 13: Correlation between critical planes mea-
sured and estimated

7.2. Remarks

In this work, it was tried to map all the possi-
ble loadings in design process in order to obtain the
complete behavior of the AZ31B-F magnesium al-
loy under multiaxial loading conditions. With this
approach is possible to acquire more detailed data
concerning the mechanical behavior for future ap-
plications of this magnesium alloy, allowing engi-
neers to make better decisions during the process
of design.

Concerning the figure 11 is possible to observe
that basically all the proportional loadings have the
same trending line, leading to conclude that the von
Mises equivalent stress is a good candidate to per-
form fatigue life correlations. Additionally, in the
non proportional case, the strain energy involved is
higher than the other loading cases on same fatigue
life region, which indicated the activation of twin-
ning mechanisms leading to a different mechanical
behavior, [2].

Analyzing the table 13 and all the figures above,
is possible to take the following insights:

• Regarding the case I, the models SWT and
Liu I provided the best results which some-
how is expected since both models predict that
crack growth will happen on planes of maxi-
mum tensile stress or strain. However, having
this stated case II presents interesting results
because the loading is purely shear and both
models predict the critical plane correctly.

• In regards to the case III, the non-proportional
loading, non of the studied models provide ac-
ceptable results.

• For case IV, non of the models make correct
prediction, but is fair to mention that all pro-
vide acceptable results.

8. Conclusions

The main purpose of this work was to design a
smart droop nose device using the magnesium al-
loy AZ31B-F and evaluate the applicability of this
type of materials as structural element in the aero-
nautical industry. Given that the behavior of this
material under multiaxial loading condition is still
under research, experimental tests were performed
in order to have the broadest spectrum of loading
conditions which might help the engineers during
the design process since all the theoretical cases of
design were covered.

Regarding to the design of the smart droop nose,
the main achievements were:

• A methodology to design a smart droop nose
was developed and implemented; It involved
the development of Matlab R© scripts to cre-
ate target shapes, a structural optimization to
guarantee that the targeted droop nose is struc-
turally feasible and an aerodynamic assessment
to ensure that the deformed shape provides
aerodynamic improvements.

• It is possible to conclude that this methodology
was useful since the final result provides a very
good deformed shape, acceptable results and
all the constraints were verified.
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• Regarding the aerodynamic assessment, the
improvement provided by the smart droop nose
can be synthesized as: increase on the αs, in-
crease on the Cl, reduction of about 5% of the
stall velocities and increase in the loiter time.

• Using the AZ31B-F magnesium alloys in spe-
cific structural elements can represent weight
savings of about 36% comparing with the 2024
aluminum alloys broadly used in aeronautical
industry.

Regarding to the experimental test in the mag-
nesium alloy, the main achievements were:

• The 6 cases studied cover all the theoretical
design cases.

• Just some of the plane models studied provided
acceptable results for the crack initiation an-
gles; Some insight can be inferred:

1. For pure axial loadings, SWT and Liu
I provided excellent results. The same
can be said for pure shear loading, even
though it was not expected since this
models make predictions based on the
planes with maximum tensile stress or
strain.

2. For non-proportional loading case, non of
the studied models provided acceptable
results.

3. For cases of proportional biaxial loading
of 30◦, 45◦ and 60◦ Liu II provide good
results, and FS also deserves to be men-
tioned since it provided fair estimations.

4. Additional experimental tests should be
performed in order to obtain more data
and consolidate this conclusions.

8.1. Future Work

• Other skin material should be researched and
implemented in order to compare the results
and evaluate which one provides better struc-
tural integrity.

• Additional optimizations might be performed.
For instance, an aerodynamic optimization to
define the best profiles and target shapes for
the droop nose. This step can be added to the
framework already developed.

• Since there is no computational models avail-
able to study the elastic-plastic behavior of
the AZ31B-F, it is fundamental develop a rou-
tine on a finite element software to simulate
its unique behavior. Some research have been
done about this topic and can be found in
[12, 11, 1].

• Having the previous topic completed, a numer-
ical study regarding the fatigue assessment of
the compliant-mechanism can be performed; A
comparison between the fatigue lives of magne-
sium and aluminum alloy should be done. Ad-
ditional results will be added in regards to the
evaluation of the applicability of magnesium al-
loys in the aeronautical industry as structural
component.

• Research and design other aircraft/morphing
structures likely to have magnesium alloys as
structural component.

• Perform more experimental tests to have addi-
tional results and to be possible to make more
plausible conclusions.
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