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Abstract

Morphing aircraft technologies provide a strategy to change and adapt the aircraft shape to the
flight conditions. This approach to aircraft design aspires to find efficiency improvements for future
aircraft. The variable span telescopic wing offers the characteristics of a large span wing with high
aspect ratio desirable for efficient low speed flight while accommodating those of a smaller span wing
with low aspect ratio for better flight performance at high subsonic speed. This work presents the
design of a telescopic wing with span ranging from 3.5m to 5m for a medium-endurance patrol and
surveillance 150kg unmanned aerial vehicle (UAV). Different telescopic wing mechanisms were studied
and described. Methodology for calculating aerodynamic loads, maximum structural stresses and sizing
of the telescopic spar elements, based on analytical formulas and aerodynamic calculations using the
lifting line theory, is present. The aircraft structure is designed to sustain a load factor of 3.8g with
an ultimate load factor of 5.7g. The performance of the variable span wing aircraft was assessed and
compared in terms of drag with two fixed wing aircraft with 4.3m and 5m wingspan respectively. The
morphing wing outperforms the 5m fixed wing for 150kt dive speed with 23% drag reduction and can
allow for a 68% increase in mass until no performance benefit is noticed. Compared with the the 4.3m
fixed wing the drag reduction achieved is up to 16% at loiter speed of 70kt with weight penalty of 13%.
Keywords: Morphing wing, variable span, UAV, structural sizing, performance.

1. Introduction

The aeronautical industry currently focuses on
developing an environmentally efficient aviation
with work and research being done on reduction
of emissions, engines and alternative fuels, air traf-
fic management, safety aspects of air transport, etc.
Morphing technologies belong to the new fields and
approaches to aircraft design that strive to find im-
provements in aircraft efficiency.

Morphing is referred as ”a set of technologies that
increase a vehicles performance by manipulating
certain characteristics to better match the vehicle
state to the environment and task at hand” by Bow-
man et al. [1]. Using this definition, technologies
such as flaps, slats, retractable landing gears and
others associated with conventional aircraft would
be considered morphing technologies. This contra-
dicts the connotation of radical changes in shape or
shape changes that require futuristic technologies
and materials that morphing carries.

Regardless of the type of technology and its ex-
tent, materials, actuators and structures it may use
the objectives and aimed capabilities of morphing
technologies are identified accordingly to Mcgowan
et al. [2]: to increase ”the adaptability of the vehi-
cle to enable optimized performance at more than

one point in the flight envelope”. From a design
standpoint, this means a morphing aircraft can be
view as multiple different vehicles. Whereas con-
ventional aircraft commonly are optimized for just
one design point, [3, 4].

Conventional aircraft are generally optimized to-
wards a single design point therefore this character-
istic of morphing aircraft enables them to perform
the missions of several conventional aircraft. Addi-
tionally, this ability of having a design optimized for
more than one flight phase allows a morphing air-
craft to perform more missions efficiently or even
to perform a mission that would require more than
one conventional aircraft, [2].

Aircraft performance is affected by diverse geo-
metric wing parameters. As an example, high swept
wings are more adequate for transonic and super-
sonic flight while low swept wings are capable of
greatly efficient low speed flight. This possibilities
have been motivating engineers to go further on the
development of ambitious morphing concepts, [5].
In the future, morphing aircraft technologies, ac-
cordingly to Rodriguez [6], will be used to: ”1. im-
prove aircraft performance to expand its flight en-
velope; 2. replace conventional control surfaces for
flight control to improve performance and stealth;
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3. reduce drag to improve range and; 4. reduce
vibration or control flutter”.

The design of morphing mechanisms up to
their implementation faces the difficult task of
not only providing aerodynamic efficiency improve-
ments but also keeping the aircraft structurally
strong, lightweight and controllable. The necessity
to adapt shape to the flight regime means the inter-
nal structure of morphing aircraft should be able to
change in an efficient and reversible manner. The
skin should be able to accommodate the change of
internal structure by either sliding or being flexible
which renders it a virtually non-load-carrying ele-
ment and thus degrades the overall structural stiff-
ness. However, the skin still needs to be strong
enough to transmit the aerodynamic loads. Ad-
ditionally, surface continuity and smoothness and
guaranteeing that the gaps and seams are minimal
in all aircraft configurations is deeply related to how
aerodynamically efficient the aircraft can be. These
complexities lead to a heavier structure and accord-
ingly to Jha and Kudva [5] ”demand new effective
ways of changing structural shape with less actu-
ation force, along with materials with good struc-
tural properties: high strain with no plastic defor-
mation, good fatigue resistance, low environmental
impact, etc”.

The extend to which morphing technologies can
improve the performance of an aircraft is closely re-
lated to its role and whether it is frequently changed
throughout the aircraft lifetime and missions. A
multi-role aircraft can benefit greatly from morph-
ing technologies that can adapt it to the situation
at hand, while an aircraft that remains in the same
flight conditions throughout the majority of its ser-
vice time has less to gain by adapting to the sec-
ondary conditions.

2. Span Morphing Background

Aircraft morphing concepts are differentiated
into different categories: wing, fuselage/tail and en-
gine morphing. Within the wing concepts are asso-
ciated with the change of a particular wing geo-
metrical parameter. Three major categories can be
defined: planform change, out-of-plane and airfoil,
see figure 1.

The three main parameters that affect the wing
planform are span, chord and sweep. Both chord
and span have a directly proportional effect on wing
planform area. As span increases so does the wing
area. But opposite to the chord’s effect, span in-
crease also raises the aspect ratio of the wing, a pa-
rameter that alters the lift to drag ratio. A higher
aspect ratio will result in increased wing efficiency
and both increased range and endurance. Aircraft’s
inertia properties also change with a larger span.
At low speed induced drag is the dominant drag

Figure 1: Wing morphing concepts types, [3]

component; however, at high flight speeds the lift
coefficient decreases and the friction drag compo-
nent surpasses the induced drag component. Thus,
aircraft with large wing span and high aspect ratio
will generally have good range and fuel efficiency,
but lack maneuverability and have relatively low
cruise speeds. On the other hand low aspect ra-
tio aircraft are faster and highly maneuverable, but
lose out on aerodynamic efficiency, [7, 8].

A variable-span wing can potentially integrate
into a single aircraft the advantages of both a high
span configuration and a short span one. This mor-
phing technology has aroused interest specially for
military UAVs, which must loiter for extended peri-
ods of time during surveillance and be able to switch
into high-speed dash mode to move reconnaissance
area or to attack a target. An increase in span ac-
companied by the respective increase in aspect ratio
and wing area results in a decrease in the lift dis-
tribution for the same flight condition, i.e., for the
same overall lift. Nevertheless, bending moment at
the wing root can considerably increase leading to
one major drawback. The need of a heavier wing
structure to support it. ”Thus, both the aerody-
namic and the aeroelastic characteristics should be
investigated in the design of variable-span morph-
ing wings”, [3, 4].

3. Telescopic Wing Design Strategy

The aim of this work is to design a telescopic
wing for a surveillance UAV and evaluate its feasi-
bility and performance. The design process is done
in three major steps: First, for a starting point the
initial sizing of an aircraft platform and a typical
mission are defined. Then, concepts for the morph-
ing mechanism are develop, selected and described.
Finally, a structural analysis, based on analytical
formulas and aerodynamic calculations using the
lifting line theory, is approached.

3.1. Design Framework
As a starting point, the initial sizing of a medium

endurance and medium altitude UAV platform is
determined. The UAV model AR5 from TEKEVER
is used as reference both in terms of dimensions and
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performance. As the information gathered about
this aircraft is limited further market research of
similar size and performance aircraft was realized
to find adequate wing loading ratio.

The aircraft main specifications are displayed on
table 1. The key characteristic of the aircraft is
the variable span. The wing is set up to vary al-
most continuously its span between 5m and 3.5m,
respectively the maximum and minimum span con-
figurations. Some considerations were made about
the desired performance of the UAV and are de-
tailed in table 2.

Table 1: Aircraft specifications

Takeoff mass [kg] 150
Length [m] 3.5
Span [m] 3.5-5
Chord [m] 0.75
Wing area [m2] 3.75
Aspect ratio 4.7-6.7
Tail configuration Inverted V-tail
Tail span [m] 1.715
Tail chord [m] 0.429

Table 2: Aircraft desired performance

Cruise speed [kts] 95
Cruise Altitude [m] 3,000
Loiter Speed [kts] 70
Dive Speed [kts] 150
Stall Speed [kts] 50
Maximum climb rate [m/s] 3
Lift-to-drag ratio 20
Take-off roll distance [m] 150

Figure 2: Mission profile

The airfoil profile is one of the most impor-
tant aspects of the wing, and has direct impact
on the aerodynamic performance. As the aircraft
it self, the ideal airfoil performs exceptionally well
in the dominant flight phases, loiter and cruise,
and does not limit aircraft performance. The cho-
sen Seiling S4233 low Reynolds airfoil and several

low Reynolds (Re) airfoils were considered and the
software XFLR5 was used to evaluate their perfor-
mance. This software provides several tools to ana-
lyze and study both airfoils and wings. The airfoil
analysis tool set is a version of the Xfoil software
originally developed by Mark Drela compiled with
C++ and C programming languages. For struc-
tural reasons: to ensure enough internal space for
structural elements, airfoils with maximum thick-
ness (t/cmax) inferior to 10% of the chord were not
considered. In the end the Seiling S4233 airfoil (il-
lustrated in figure 3) was chosen due to its better
overall performance.

Figure 3: Seilig S4233 low Reynolds airfoil

3.2. Telescopic Wing
The objective of the span morphing concept is to

achieve an efficient wing that can present the de-
sired span to better suit the flight condition and
to expand the aircraft flight envelope. The tele-
scopic wing is intended to provide a maximum wing
span of 5m to the aircraft and a minimum span
of 3.5m. Although the comparison between the
maximum and minimum wing span configuration
shows the more drastic differences in performance
and flight characteristics there are further benefits
to be explored from the intermediate wing con-
figurations. Therefore, the ability to provide any
wingspan length between the maximum and mini-
mum configurations is desired.

Some wing concepts were considered:
Concept A is based on the AdAR design devel-

oped in [9]. The design span morphing capability is
carried out by a telescopic spar. While the structure
of the inboard part of the wing is fixed and of con-
ventional characteristics, the outboard part of the
wing includes sliding ribs and a compliant morphing
skin made from a elastomeric matrix composite, see
figure 4. Strained elastic materials experience the
Poisson effect; Thus carbon fiber reinforcements are
applied to the skin chord wise to reduce the Poisson
ratio of the material and the deviations from the
desired aerodynamic shape the wing might suffer.
Additionally, a zero Poisson mesh made from poly-
mers can be used to provide airfoil shape support
to the skin at different wingspans. Span extension
is actuated by a strap drive system powered with
and electrical engine. Due to the compression forces
introduced by the elastomeric skin the span retrac-
tion dispenses an actuation force oriented with the
movement of the outboard spar.
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Figure 4: Plant view of span morphing concept A
(extended)

The mechanism responsible for varying the span
of concept B is similar to the previous concept;
However, instead of using a compliant skin struc-
ture, a telescopic rigid skin is adopted, figure 5.
The structural loading is carried by a single tele-
scoping spar and the shape of the airfoil surface is
maintained with sliding ribs throughout the inboard
part of the wing. The contact between the sliding
ribs and the skin is intermediated with a low friction
coefficient material to facilitate smooth movement.
The outboard part of the wing that is connected to
the moving beam of the main spar has conventional
fixed structure and its skin slides from inside the
inboard telescoping skin.

Figure 5: Plant view of span morphing concept B
(extended)

Design concept C is based on a telescopic wing
design developed in works [4, 10]. The telescopic
wing consists of a hollow outer wing (inboard) from
which the inner wing (outboard) slides out, figure 6.
The hollow inboard part of the wing is made from a
sandwich made from composite materials that is re-
inforced in the spanwise direction with carbon fiber
beams. This structure has to provide both the air-
foil surface and the structural stiffness to support
the aerodynamic forces applied to the wing. The
inner moving wing is structurally conventional and
the actuation options to provide its movement and
determine its position are varied. The outboard
wing moves as a whole. The chord discrepancy
between the fixed wing and the moving wing can
be considerable and this design has the more sig-
nificant difficulty mitigating that as the minimum
thickness achievable of the skin of the fixed wing is
limited by the structural necessities of that element.

Figure 6: Plant view of span morphing concept C
(extended)

Table 3 presents an assessment of the design con-
cepts considered based on several evaluated param-
eters. It is worth noting that the table was con-
structed based on knowledge of these concepts and
their advantages and drawbacks developed on previ-
ous studies and implementation efforts (which were
reviewed earlier). An evaluation scheme ranging
from 0 to 5, 5 being the best rating, was used.

Table 3: Concept evaluation matrix

Concept A (AdAR) B C
Aerodynamics 5 4 2.5
Weight 4 4.5 5
Manufacture 3 5 3
Actuation System 5 3 4
Actuation Energy 2.5 5 5
Total 19.5 21.5 19.5

Concept B emerges as the best overall option.
The telescoping spar design utilizes only two

beams, one fixed that starts from the root of the
wing and the second one ends at the tip of the wing.
To achieve a large relative span extension the two
beams are designed with the same length. Tak-
ing into consideration other telescopic wing mecha-
nisms of similar size and similar number of telescop-
ing elements, a 10% overlap between the beams at
the most extended configuration was defined. Re-
sulting in two 1.375m beams, 1.250 from half of
the semi span length and 0.125m extra to result in
the 10% overlap. The computed shear and bend-
ing moments (which are shown later) revealed that
the 10% overlap margin was enough margin to keep
the section from being a critical section in terms of
internal beam stress.

From an aircraft design perspective, structural
weight is something desired to be as low as possi-
ble; Thus, the beam cross section shape chosen must
be apt to sustain torsional and bending loads while
containing the minimum amount of material. While
the hollow circular cross section is the most ma-
terial efficient under torsion, similar shaped closed
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Figure 7: Plant view of the telescopic spar (re-
tracted)

loop hollow cross sections perform adequately un-
der torsion. The hollow rectangular cross section
shape was chosen. It allows for a simple overall
setup, fabrication and actuation, while also being a
closely related shape to the wing profile.

Following the design objectives expressed above,
an aerospace grade aluminium alloy was chosen for
its high weight to strength ratio. The Aluminium
2024 T3 alloy is mainly composed by aluminium
and copper; Its properties of interest are: the max-
imum yield strength of 345MPa and also the shear
strength of 283MPa and the young modulus of
73.1GPa.

Another aspect of the main telescopic spar de-
sign is the movement between the two beams. To
prevent jamming and allow for a smooth and man-
ageable actuation, it is essential to keep low lev-
els of friction between the beams. The bearing
surfaces made from the low friction UHMWPE
(Ultra-High-Molecular-Weight-Polyethylene) poly-
mer along which the sliding motion of the spar oc-
curs are located at the end of each beam, i.e., one at
the outboard end of the fixed beam and one at the
inboard end of the moving beam. Sets of discrete
bearing surfaces made from a low friction polymer
placed on the exterior surface of the inner beam and
the interior surface of the outer beam to facilitate
the movement.

The wing rib is a plate like structure situated
in the plane of the two-dimensional airfoil profile
which provides the airfoil shape to the surface of
the wing and its main function is to transmit the
aerodynamic loads from the skin to the internal load
bearing structures. With 6 sliding rib in the inboard
section of the wing and 8 fixed ribs on the outboard
section in the maximum wingspan configuration the
sliding ribs are at 281.3mm from each other, the
maximum distance; In the minimum wingspan con-
figuration the sliding rib spacing is 93.8mm. While
the distance between the fixed ribs is constant at
458.3mm.

The sliding ribs are simply in contact with both
the the main spar and the airfoil skin. While the
the other ribs are fixed to both and can transfer ef-
fectively moments and forces, the sliding ribs need

Figure 8: Isometric view of the sliding rib

an additional structure to provide the leverage to
deal with out of plane forces that can be amplified
with the slightest deviation between the rib plane
and the plane perpendicular to the spanwise direc-
tion. In figure 8 can be seen a box like structure
that involves the spar through a length consider-
ably larger than the thickness of the rib is used to
provide the alignment stability necessary.

3.3. Structural Strength and Sizing
The telescopic wing is designed according to the

norm: Certification Specifications for Normal, Util-
ity, Aerobatic, and Commuter Category Aeroplanes
CS-23 that states: ”Strength requirements are spec-
ified in terms of limit loads (the maximum loads to
be expected in service) and ultimate loads (limit
loads multiplied by prescribed factors of safety)”,
[11]. The norm specifies that a normal category
aeroplane should be design for a limit load factor of
3.8g. The general aviation factor of security of 1.5,
also specified in the CS-23 norm, should be applied
to the limit load factor; Thus, the ultimate load fac-
tor is set to 5.7g. This is the critical load that the
structure has to sustain without failing.

(a) (b)

Figure 9: Velocity-load diagrams: (a) 5m wingspan
configuration (maximum) (b) 3.5m wingspan con-
figuration (minimum)

In figure 9 it is presented the aircraft Velocity-
load (V-n) diagrams of two wing configurations
with 5m and 3.5m wingspan and 150kg of mass.
The air properties of the international standard at-
mosphere at sea level were considered. The critical
flight situations in terms of structure integrity for
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both wing configurations are identified by points A
and B. Point A being the wing stall condition at
a 5.7 load factor and point B is a 5.7 loading at
dive speed. The major load bearing element of the
wing is the telescopic spar and it is assumed to sus-
tain the full aerodynamic loading. Wing structure
weight is not considered.

For the sake of identifying the critical flight
phase, the airflow characteristics around the wing
are assessed with the non-linear lifting line theory
method analysis provided by the XFLR5 software to
estimate the distribution of the aerodynamic forces
over the wing span.

A script was developed using MATLAB that
computes the shear and moment diagrams of the
telescopic spar for a given load distribution. It
takes as inputs the beam dimensions and its po-
sitions, i.e., how extended is the telescoping mech-
anism and a semi-span load distribution data file
that is gathered from XFLR5. These diagrams are
used to find the maximum cross sectional loading
throughout each beam of the telescopic spar.

Some considerations and simplifications were
taken:

• Beams are considered rigid bodies;

• The interaction between the two elements of
the telescopic spar was simplified: points A
and C are considered the only contact points
between the beams and the reaction forces are
discrete and simply vertical.

The free-body schematic of each beam-element
and its loading can be seen in figure 10.

Figure 10: Free body diagram of each telescopic
spar element

dVy
dx

= −py (1)

where Vy(x) is the shear distribution and py(x)
is the load distribution.

dMz

dx
= −Vy (2)

where Mz(x) is the moment distribution.
The integration of these formulas, equations 1

and 2, will provide the same result as using the
free body diagram method: considering the beam
virtually split at section x; Then, Vy(x) and Mz(x)
will respectively be equal to the summation of forces

and moments applied from section x to either end of
the beam, so as to maintain conservation of linear
and angular momentum.

A further MATLAB script was created capable of
calculating the maximum normal and shear stresses
in a section of a hollow rectangular beam. The
script takes into consideration the geometry of the
section, i.e., height, width and thickness of the hol-
low rectangular section. Shear and bending mo-
ment are additional inputs. The calculations are
made following the equations 3 for normal stress
and 4 for shear stress.

σxx = −Mzy

Izz
(3)

where y is the distance from the neutral surface,
in the case of a symmetrical cross section the neutral
surface coincides with the x axis, and where Izz is
the centroidal moment of inertia of the section, [12].

τxy =
VyQ

Izzb
(4)

where Q is the first area moment.

Izz =
wh3 − (w − 2t)(h− 2t)3

12
(5)

Q =
wt(h− t)

2
+
t(2h− 4t)(h− 2t)

4
(6)

b = 2t (7)

where w, h and t are respectively the width,
height and thickness of the hollow rectangular cross
section.

Since there are benefits in producing the light-
est possible aircraft, another set of scripts was de-
veloped to find the dimensions of the cross section
with the least area still capable of supporting the
load applied to the beam and present a maximum
normal stress below the maximum yield strength of
the material of the beam.

4. Structural Strength and Sizing Results

After identifying the maximum bending moment
and shear force applied to the section of each beam,
a final beam geometry capable of sustaining the
loading and with the smallest area was found. The
critical structural case, i.e., the flight condition that
generated the largest cross sectional loading corre-
sponds to the point A of V-n diagram of the 5 meter
span wing, figure 9 (a). This corresponds to a stall
condition of the maximum wingspan with a 5.7g
load factor. The minimum area geometry found is
presented below. In figure 11 the cross sections of
both the inboard beam and the outboard beam are
represented inside the airfoil profile (thickness is not
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Figure 11: Final telescopic spar geometry schematic

Table 4: Final telescopic spar dimensions

Beam w [mm] h [mm] t [mm] Area [mm2]
AB 75.6 158.0 1.03 476.9
CD 79.7 164.0 0.15 73.0

represented). The full dimensions are presented in
table 4.

The figure 12 shows the lift distribution over the
semi span of the wing for the maximum and mini-
mum wingspan achieved by the morphing wing for
the stall condition (case A).

Figure 12: Semi span lift distribution for maximum
and minimum wingspan configurations (case A: n=
5.7; stall condition)

In figures 13 and 14, the bending moment and
shear force through the wing semi span are illus-
trated for maximum 5m span wing and for the stall
condition at the ultimate load factor of n= 5.7.

From these shear and bending moment diagrams
the maximum sectional loading of each beam is
given in table 5. The maximum normal stress and
shear stress present in the cross section of the tele-
scopic spar beams is exhibited in tables 6.

Table 5: Maximum section loading: Case A Stall
Speed

Beam Max M [kN.m] Max S [kN]
AB 4.748 5.001
CD 0.782 3.367

Figure 13: Bending moment diagram of the maxi-
mum wingspan (5m) wing at stall condition and n=
5.7

Figure 14: Shear force diagram of the maximum
wingspan (5m) wing at stall condition and n= 5.7

Table 6: Maximum normal and shear stress: Case
A Stall Speed (5m span)

Beam Max σxx [MPa] Max τxy [MPa]
AB 344.85 34.80
CD 344.79 150.84

Table 7 presents the maximum deflection results
of each beam of the telescopic spar, as well as a
conservative estimate of the maximum wing deflec-
tion. Additionally, it is presented the angle defined
by the three beam/wing points: tip, deflected tip
and root, the latter being the vertex.

Table 7: Maximum deflection: Case A Stall Speed
(5m span)

Beam Tip deflection [mm] angle [◦]
AB 13.5 0.6◦

CD 2.6 0.1◦

AD (both) 53.4 1.2◦

By analyzing these results, it is possible to infer
the following observations:
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• The space between the beam elements of the
telescopic spar where they overlap is different
for the vertical sides to the horizontal sides of
the beams. Between the horizontal wall it mea-
sures 3.88mm and between the vertical walls it
measures 5.70mm.

• Using the aluminium alloy 2420 T3 the beam
AB has a mass of 1822.9g and the beam CD
has a mass equal to 279.2g.

• The distinction between the lift distributions
of the maximum and minimum wingspan con-
figurations is quite clear. As of the result of
both generating the same overall amount of lift
(the area below each line is equal to half the
lift produced by the wing), the 5m wing has
a lower intensity lift distribution over a larger
span. Oppositely, the 3.5m wing’s lift distribu-
tion has higher values over a smaller span.

• From the bending moment diagrams we can see
that its maximum value is located at the root
of the wing, which is the expected behavior of
a cantilever beam.

5. Aerodynamic Performance Studies

First, the lift and drag polars of the airfoil profile
were computed for a large range of Reynolds num-
ber so as to provide the ability to assess the wing
over a likewise large range of flight speeds. The
Reynolds numbers analyzed ranged from 60,000 up
to 6,000,000.

XFLR5 non-linear lifting line theory method
(LLT) was used. It estimates the wing aerody-
namic characteristics, including aerodynamic coef-
ficient over the whole wing: CL, CD, CM, etc., as
well as the spanwise distribution of the local aero-
dynamic coefficients and other flow parameters.

A level flight analysis, i.e., at constant total lift
while varying speed and angle of attack, was per-
formed for the wing for five different span config-
urations: 3.5m, 4m, 4.5m and 5m to characterise
the morphing wing and 4.3m to represent the fixed
wing. Wing polars are displayed in figures 15 and
16. The wing lift and drag coefficients are calcu-
lated using the area of the maximum wingspan con-
figuration.

The cruise and loiter performance of the morph-
ing wing and the fixed wings were studied. In cruise
flight the objective is to maximize the distance pos-
sible to be travelled, by producing the necessary
lift to level flight with the least drag possible. It is
the condition that for a constant altitude the cruise
speed is the one that provides the maximum value
of the ratio CL/CD. The loiter flight phase is used
to maximize the endurance of the aircraft in that

Figure 15: Wing lift coefficient with angle of attack
for different span wings

Figure 16: Polar curves for different span configu-
rations

flight condition. Loiter speed is the flight speed
that will have the maximum value of CL

3/CD
2, [7].

Depending on the flight speed some configura-
tions are more efficient than others, i.e., have a
higher lift to drag ratio. The lift coefficient nec-
essary for level flight decreases as the airspeed
increases and the wing configurations with more
area will generate more drag; Thus from a certain
point the most efficient wing configuration changes.
Therefore, it is possible to approximate of the op-
timum CL/CD curve with speed for the morphing
wing using several wingspan configurations. That
graph is displayed in figure 17.

Figure 17: Optimal CL/CD curve with level flight
airspeed for the telescopic wing
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Similarly to the cruise conditions the optimal
curve to maximize available flight endurance can
be approximated as plotted in figure 18.

Figure 18: Optimal CL
3/2/CD curve with level

flight airspeed for the telescopic wing

The drag produced by the wings was calculated
for loiter, cruise and dive speeds. Table 8 presents
these results for all wing configurations and both
fixed wings. Furthermore, the comparison between
the drag of each configuration and the drag of the
optimal morphing wing is provided in percentage of
the optimal drag for the corresponding speed.

Table 8: Wing drag for different speeds with a com-
parison with the 5m span wing

Wingspan Drag (Vl=70 kt) Drag (Vc=90 kt) Drag (Vd=150 kt)
[N] ∆ [%] [N] ∆ [%] [N] ∆ [%]

3.5m 84.8 +62.2 61.5 +29.6 72.8 0
optimal 52.3 0 47.5 0 72.8 0
5m 52.3 0 47.5 0 94.4 +29.7
4.3m 62.6 +19.8 51.1 +7.6 83.2 +14.3

In table 9 are the estimated weight penalties of
the morphing wing relative to the 4.3m and 5m
span fixed wing. This measure corresponds to the
necessary extra weight the optimal telescopic wing
aircraft would have to carry to nullify the aerody-
namic benefits of the morphing wing regarding the
fixed wing. This parameter is valuable in assessing
a morphing application as it provides the additional
weight limit the morphing device must not cross to
provide aerodynamic benefits.

Table 9: Optimal morphing wing weight penalties
to match fixed 4.3m and 5m span wing drag

Weight Penalty [%] Vl=70 kt Vc=90 kt Vd=150 kt
4.3m (fixed) 13.2% 9.5% 39.1%
5m (fixed) 0% 0% 68.1%

Comparing the optimal morphing wing aircraft
to the fixed wings aircraft, results clearly show that

the optimal telescopic wing outperforms the 5m
span fixed wing at air speeds raging from about
100kt to the maximum air speed in terms of effi-
ciency.

Comparing the optimal morphing wing aircraft to
the 4.3m span fixed wing we cannot see such a sig-
nificant benefit at the higher speed range. Nonethe-
less, the morphing wing also outperforms the 4.3m
wing at the lower air speed range, which is the more
important region for surveillance missions.

6. Conclusions

The main purpose of this work was to design a
telescopic wing for a medium endurance patrol and
surveillance UAV. The morphing telescopic wing
concept capable of changing wingspan in fight was
designed and its structure and aerodynamic perfor-
mance were studied.

As a starting point, the aircraft platform as well
as the desired wing aerodynamic shape were defined
based on the TEKEVER AR5. A market research
of UAVs with similar size and mission role allowed
to complement the information gathered and helped
to characterize mission profile and performance ob-
jectives. As the assessment of a morphing technol-
ogy is entirely case dependent, this characterization
of the aircraft platform was used to compare the
morphing wing performance to a conventional fixed
wing solution.

Several concepts and mechanisms to attain the
desired in flight span variation and wing shape were
investigated. The chosen concept was defined and
its critical elements were sized. The aircraft has a
design maximum load factor of 3.8g and an ultimate
load factor of 5.7g as prescribed in the EASA CS-23
norm. The velocity-load diagrams of the morphing
wing aircraft were analysed and a methodology to
find the critical point structure wise and thereupon
provide a structure capable of supporting the ulti-
mate load factor was developed and implemented.

The aerodynamic assessment of the telescopic
wing performance was performed using the lifting
line theory method through the XFLR5 software.
Comparison between the morphing wing perfor-
mance and both a fixed wing optimized for loiter
and a fixed wing that represented a compromise so-
lution was carried out. It can be concluded the
morphing wing will outperform significantly the op-
timized fixed wing in the extremes of the operating
range. If the comparison is against the compromise
solution for the fixed wing then the morphing wing
will marginally or moderately outperform the fixed
wing in the vast majority of the flight envelope.

The morphing wing displays a drag reduction
compared to the 5m wing optimized for the same
loiter speed of about 23% for an air speed equal to
150kt; Compared with the 4.3m wing the morphing
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wing reaches a drag reduction of about 16% and
12% for air speeds of 70kt and 150kt respectively.

6.1. Future Work

• Aerodynamic analysis with higher fidelity CFD
methods that can account for the morphing
wing discontinuities will provide better insights
into the performance of the telescopic wing and
what benefits it can give.

• Finite element structural analysis that stud-
ies all structural elements can help to trim
down structure weight and assure structural in-
tegrity. With structure and its weight defined,
a stability analysis can be done.

• The design decision between the morphing
wing or an alternative fixed wing should be as-
sessed over the entire extension of the aircraft’s
typical missions. The actuation system, power
and propulsion should be determined and stud-
ied so the energy expended by the morphing
aircraft over the mission profile can be com-
pared to that expended by the fixed wing air-
craft.

• Other morphing devices and its conjoined in-
tegration may be investigated to provide addi-
tional morphing capabilities such as sweep or
camber morphing to further expand the flight
envelope.

• Perform experimental tests to assure the feasi-
bility of the telescopic mechanism and corrob-
orate the computational calculations.
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