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Abstract 

 

The morphing type wings aim is to improve their 

aerodynamic performance in each flight condition as a bird 

would do it, this improvement is obtained by modifying its 

shape through intelligent mechanisms. Optimizing and 

dynamically adapting the shape of the wings to various 

flight conditions, leads to many unexplored possibilities 

for improvement that have been identified beyond current 

model test demonstrations. This research aimed to analyze 

the most prominent examples of morphing concepts in 

models of previous wing experimentation. Morphing 

concepts have certain limitations on a large scale, however 

some consortia have chosen to investigate it, in full-scale 

models. In this work, a mixed type methodology is 

presented covering qualitative and quantitative research 

studies on morphing-type wings. Finally, it is mentioned 

the importance of continuing to investigate these models 

and it is considered that the implementation of real models 

will aid to optimize the conditions leading to sustainable 

development models. 
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Resumen 

 

Las alas tipo morphing tienen como objetivo mejorar su 

rendimiento aerodinámico en cada condición de vuelo 

como lo haría un ave, esto se obtiene a través de 

mecanismos inteligentes que modifican la forma de esta. 

Al optimizar y adaptar dinámicamente la forma de las alas 

a las diversas condiciones de vuelo, se ha identificado la 

existencia muchas posibilidades de mejora sin explorar 

más allá de las demostraciones actuales de prueba en 

modelos. Esta investigación tuvo como objetivo analizar 

los ejemplos más destacados de conceptos morphing en 

modelos de experimentación previa de alas. Los conceptos 

morphing tienen ciertas limitaciones a gran escala sin 

embargo algunos consorcios han optado por investigar en 

modelos a escala real. En este trabajo se presenta una 

metodología de tipo mixta que abarca trabajos cualitativos 

y cuantitativos de investigaciones de alas de tipo 

morphing. Finalmente se menciona la importancia de 

seguir investigando estos modelos y se considera que la 

implementación de estos modelos reales debido a que 

optimizan las condiciones de modelos de desarrollo 

sustentables. 
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1. Introduction 

 

The word morph comes from the Greek 

"morphos" which means form. The idea under a 

Morphing Wing is to obtain the best possible 

performance by adapting its aerodynamic shape 

to each flight condition, in aspects like:  

autonomy, control of the aircraft and its phases 

during flight etc. The purpose is having a fleet of 

a single morphing type aircraft with the capacity 

of being used in different flight conditions and it 

is more profitable than having a fleet of aircraft 

being designed for one specific function. Li, D. 

et. al, (2018). 

 

Research on morphing wing models is 

extensive, and they were based on mechanisms 

of material or shape Min, Z. et. al. (2010), Sofla, 

A. et. al. (2010) and Sinapius, M. et. al. (2014), 

some references classify the wings based on the 

change in geometry Monner, H. et. al. (2012), 

and Dayyani, I. et. al. (2013) or special materials 

Dayyani, I. et. al (2013) while others classified 

them with respect to the concept applied, that is, 

the transformation in the angle of landing or 

departure, Monner, H. et. al. (2012) the 

wingspan configuration Arena, M. et. al. (2019) 

and Gu, X. et. al. (2020), and a few authors have 

focused on using these applications in unmanned 

aircraft models Jenett, B. et. al. (2017), Siddall, 

R.et. al. (2017). The use of softwares and use of 

control models are also shown in previous 

works. Colorado, J. et. al. (2013), the “H1” 

controller is an example of a robust control 

system Yue, T. et. al. (2013).  

 

The present research aims to identify the 

modeling and analysis methods (structure, 

aerodynamics, control and optimization) with 

morphing wing applications, a mixed type 

methodology was used in which previous works 

that use qualitative and quantitative data were 

used. The use of these morphing wing models by 

the industry represents a major advance.  
 

2. Morphing model research methodology  
 

This research has a mixed-type approach that 

works with quantitative and qualitative data 

including work on aerodynamic models and 

morphing wing concepts, in which software and 

experimental tests are used to obtain data about 

improvement in aerodynamic performance. 

Comparison between results of tests and the 

estimated values were obtained in previous 

works.  

A number of improvements that can be 

implemented are described (flight control, 

performance, weight, autonomy) these have 

given novel concepts which are being tested on 

unmanned aerial vehicle models. 

 

A sampling of morphing wings allowed 

classified them according to the change in 

geometry, the variation of wingspan, the angle of 

attack and departure, etc. In which the main 

parameters are flight control, performance, 

weight, autonomy, coefficients of resistance and 

lift, etc. The previous mentioned models 

quantify variables such as Von Mises, shear 

stresses, resistance to linear and turbulent flows, 

deformations. This mixed method determined a 

morphing type wing that has been evolving 

through different approaches, promoting mass 

reduction, better mobility and better control in 

each flight phase, storage optimization.  

 

3. Morphing wings concepts 

 

A brief review of morphing wings fundamentals 

was made, since they are applied in 

configurations at aerodynamic level (2D) and 

wing level (3D), the concepts related for 2D test 

cases are variable curvature and thickness, while 

for the 3D configurations they are the variable 

extension, wing folding mechanisms, modifying 

the sweep and the wingspan of the wing to 

optimize its performance in different flight 

conditions such as takeoff, cruise and landing. 

 

Specific transformation concepts for 

design problems, highlighting the multiple 

solutions, are developed in response to common 

design drivers (performance, flight control and 

roll etc.) Transformation concepts are classified 

into three levels of morphing: low, medium and 

high, the level of morphing depends on the 

complexity of the design to be used, that is, as 

more variables are analyzed together, the higher 

the level of morphing Li, D. et. al. (2018). 

 

The transformation in the leading edge 

normally uses mechanisms named "slats" 

(aerodynamic surfaces that are placed in the 

attack area and when deployed allow the wing to 

operate at a greater angle of attack) which are 

deployed to achieve a higher coefficient of lift 

than the one that can be achieved in a clean wing 

configuration (configuration exerted when an 

aircraft retracts its external gear to minimize air 

resistance).  
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Figure 1 shows the intelligent 

configuration “Smart droop-nose”, SADE 

(Smart High Lift Devices for Next Generation 

Wings), it was investigated an intelligent nose 

configuration on the wing, replacing the 

conventional slats with a flange edge smart 

attack Monner, H. et. al. (2012). The 

experimental and simulations tests carried out 

for the wing segment in 3D were useful for 

determining a feasible concept and design 

method. Identifying deviations from the desired 

shape which were attributed to manufacturing 

tolerances Monner, H. et. al. (2012).  

 

 
  

Figure 1 a) Conventional configuration, b) Smart droop 

configuration Monner, H. et. al. (2012) 

 

Flexible ribs were made by combining 

separate plate-like elements with angular joints. 

Due to this construction, the design is called 

"finger concept", it replaces the inflexible ribs of 

a conventional flap, with ribs of flexible design 

as shown in figure 2 Monner, H. et. al. (2001). 

 

  
Figure 2 Position and design of active deformable ribs in 

the "Flower flap" Monner, H. et. al. (2001) 

 

Only one actuator is necessary to deform 

the rib up or down, however by using a 

transmission beam it is possible to group ribs so 

that two actuators work over five ribs, 

significantly reducing the number of actuators. 

Li, D. et. al. (2018).  

 

 

 

In a variable curvature aerodynamic 

profile, which presents an integrated design and 

topology optimization for a morphing wing 

driven by shape memory ribs (figure 3), a 

configuration which allows smooth, continuous 

and precise geometric shape changes by 

optimizing the wing design through actuators 

and the wing topology it is obtained Gu, X. et. al. 

(2020). 

 

   
 

Figure 3 Variable curvature morphing wing model cross 

section using shape memory ribs. Gu, X. et. al. (2020). 

 

The project "SARISTU" (Smart 

intelligent Aircraft Structures) is a project that 

was intended to develop technologies to make a 

morphing type wing for the general performance 

of the aircraft, within this the Adaptive Trailing 

Edge Device (ATED) was developed, this is a 

device located on the trailing edge which allows 

the reduction of operational fuel consumption by 

either  pursuing the minimum drag effect or by 

reducing the overall weight of the aircraft 

through a load  redistribution, the trailing edges 

with a transformation adaptive systems offer 

improved fuel efficiency in commercial 

transport aircraft. The SARITU project used 

adaptive wing systems on board large 

commercial aircraft Arena, M. et. al. (2019). 

 

A flap (it is a hyper-lift device, 

functioning as its name indicates, to improve lift 

in various phases of flight) wing type morphing 

with multi-nodal curvature, adapted to large 

aircraft for civil use, it was designed and 

investigated in the clean program. Sky is an 

innovative system which consists of robotic ribs, 

driven by electromechanical actuators which 

allow the modification of the wing. The project 

have run from concept to implementation in a 

fullscale model for pre-flight ground testing 

Pecoran, R. et. al. (2021). 

 

 

 

 

 

 

a) 

b) 
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Bio-inspired aerial robots provide a large 

number of aerodynamic profiles that can be used 

for multiple mission objectives such as the 

Micro Aerial Aquatic Vehicle (AquaMAV) 

which provides a wing design with the 

possibility of retracting to make dives under the 

body, this water mechanism was inspired by the 

diving form of the Sulidae waterfowl (figure 4). 

The tests carried out in the wind tunnel showed 

that this folding wing has a good behavior in 

cruising conditions despite the design limitations 

generated by the folding mechanism, it is able to 

greatly decrease its own lift and drag when 

changing the shape allowing the vehicle to 

submerge smoothly from flight. Siddall, R.et. al. 

(2017) 

 

 
 

Figure 4 AquaMAV fuselage inspired by sulidae birds 

Siddall, R. et. al. (2017) 

 

The great capacity that birds have during 

flight is the main inspiration to match not only 

the structure of the wing skeleton, but also the 

structure of the feathers as well as their 

distribution. A bio-pigeon-inspired morphing 

wing is used on a bionic feathered wing, with the 

aim of improving aerodynamic performance in 

an unmanned aerial vehicle (UAV). The wing 

structure is controlled by a morphing skeleton as 

shown in figure 5, this configuration allows 

modify its wing posture through a system of 

pulleys and a servo motor, similar to that of a 

pigeon during flight. Zhe, H. et. al. (2019). 

 

 
Figure 5 Bio-inspired morphing wing on a pigeon Zhe, H. 

et. al. (2019) 

Twist morphing is a control technique 

which allows the rotation of the wing on an axis, 

which has a significant impact on the 

aerodynamic behavior of a lift surface without 

the need for major modifications to the wing, 

such as those associated with sweeping. or the 

variable wingspan required by complex and 

heavy mechanisms generally Jenett, B. et. al. 

(2017). Rotation of the tip is achieved by a 

flexible arm, the geometry of the arm is in 

relation to the actuator (servo motor) and the end 

effector (torque tube, which is located in the 

center of the wing and serves as the axis to 

achieve rotation) this allows achieving a 

favorable torque relationship, as shown in figure 

6 Li, D. et. al. (2018). 

 

 
 

Figure 6 Reversible Assembled and Modular Wing Wind 

Tunnel Turning Jenett, B. et. al. (2017) 

 

4. Morphing wing modeling and analysis 

 

For structural analysis at component level, 

generally it is approached by two methods: the 

analytical homogenization method and the finite 

element method (FEM). Ripple shape 

optimization for better surface performance it is 

based on 2D thin beam elements. A 

homogenized model was achieved by taking into 

account the relationship between the Young's 

modulus of the cladding and the one of the 

composite corrugated core; also, by means of the 

finite element method for thin beams, it was 

possible to obtain a flexible but sufficiently rigid 

wing which changes its form and at the same 

time withstand aerodynamic loads Ermakova, A.  

et. al. (2017).  

 

 
 

Figure 7 Bending of the clad corrugated surface based on 

the thin elements of the beam Ermakova, A. et. al. (2017) 

 

 

 

Wing rotation 

Bionic feathers 
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To calculate the equivalent tensile and 

flexural properties of the coated corrugated 

surfaces, two analytical solutions are reported. 

Because the elastomer cladding and the 

composite corrugated core are well bonded and 

have the same displacement, it can be neglected 

the deformation energy terms of the elastomer in 

contact with the fiberglass. Dayyani, I. et. al. 

(2013). A generic super element was also 

presented for a unit cell of an elastomer-clad 

corrugated core panel, motivated by morphing 

aircraft structures. The direct stiffness method 

and Castigliano's second theorem, together with 

the appropriate boundary conditions, were 

applied to obtain a matrix of the generic super 

element that captures the small deformation of 

curved beams Dayyani, I. et. al. (2014) and Li, 

D. et. al. (2018). 

 

As for the aerodynamic methods applied 

in design of morphing wings there are a wide 

variety, and authors in the revised references 

establish that they are often used as a preliminary 

design tool, due to their high computational 

efficiency. There are several different tools for 

predicting aerodynamic performance based on 

linear methods and fluid dynamics (CFD). 

Linear methods are based on potential flow 

theory and are suitable for thin lift surfaces at 

small angles of attack, to simulate the 

aerodynamic behavior constantly used in 

optimizing morphing wing design.  

 

The "XFOIL" software is a 

computational solver for 2D airfoils that 

combines a non-viscous panel method with a 

boundary layer formulation to predict the 

moment of lift, drag and pitch of airfoils in 

viscous flows Drela, M. et. al. (1989). Using 

"XFOIL" to perform fast and relatively accurate 

2D constant flow simulations of different 

transformed configurations using a morphing 

wing has been reported by Lafountain, C. et. al. 

(2012). When comparing a linear method, 

“XFOIL”, with the open source CFD solver 

“OpenFOAM”, it was found that “XFOIL” 

provides very similar aerodynamic performance 

predictions than “OpenFOAM”, but at a fraction 

of the computational cost, as reported by CFD 

solver Woods, B. et. al. (2014) and Li, D. et. al. 

(2018). 

 

By comparing the CFD results versus 

wing morphing tests, a mesh was generated to 

provide sufficiently accurate results.  

 

The numerical and experimental results 

obtained had shown agreement for the pressure 

distribution; however, it was not possible to 

accurately capture the drag reduction observed 

in experimental tests. Gabor, O. et. al. (2016) 

and Li, D. et. al. (2018). 

 

With the use of CFD, a material was 

designed for a rigid but at the same time 

deformable lining which is composed of a 

multistable material; this was used in the trailing 

edge compared to conventional flaps, this 

material showed an increase in lift with the 

increase of the angle of flexion and so does the 

lift-resistance relationship with respect to the 

angle of attack,  the part was designed based on 

an aerodynamic profile NACA0012 in which the 

rear wings were replaced by an intelligent bug 

edge Hao, F. et. al. (2020). 

 

Another model using a NACA0012 

profile in a two-dimensional model presented 

through CDF simulations and a dynamic mesh 

was used to test a flexible leading edge, this 

profile served as a point for comparison against 

conventional wings. The results showed that the 

downward deflection of the leading edge 

increases the angle of attack and pitch at the nose 

of the wing, the results were opposite for the 

upward deflection. Kan, Z. et. al. (2020). 

 

A switch control proposal for the altitude 

movement of an aircraft with variable sweep 

wings was based on Q-learning. In this both the 

outer and inner part of the controller was 

designed, where the outer part was designed 

using the reverse method and the command filter 

technique to eliminate the problem of 

complexity explosion.  

 

The control input switches go from 

outside to inside when there is analtitude error. 

For the interior part, the Qlearning algorithm is 

used for learning about the optimal commands 

when there are disturbances or unknown system 

matrices, it was shown that all the signals of the 

closed-loop system remain limited by the control 

method proposed in conjunction with the 

controller. Gong, L. et. al. (2020). 

 

The design of a control system based on 

a full-scale wingtip actuation mechanism for an 

aircraft equipped with an aileron was proposed 

by Grigorie, T. et. al. (2020).  
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The model is based on a mechanism with 

four actuators and placed inside the wing in two 

parallel lines as shown in figure 8, each actuator 

uses a Brushless Direct Current electric motor 

coupled to a mechanical part, performing the 

conversion of the angular displacements to 

linear. This model was based on certain 

programmable EPOS drivers which were used to 

control the position Grigorie, T. et. al. (2020). In 

the tests that were carried out in the wind tunnel, 

it was observed that the morphing technology 

improved the average position of the transition 

from laminar to turbulent flow in the wing, on 

the other hand it was observed that the 

transformed aerodynamic profile is benefited by 

an expansion of the laminar region over the 

entire surface of the deformable wing Grigorie, 

T. et. al. (2020). 

 

 
 

Figure 8 Actuator arrangement and motor location 

Griogorie, T.  et al. (2020) 

 

The design of a collapsible wing is made 

possible by an attitude controller called recoil 

with the desired angular acceleration function as 

shown in figure 9. The simulations and 

experimental results performed in the wind 

tunnel showed an increase of approximately 

23% in body force production during wingbeat, 

Colorado J. et. al. (2013). 

 

 
 

Figure 9 Flight control architecture scheme for bat robot 

Colorado, J. et. al. (2013) 

 

 

 

 

 

 

 

 

5. Conclusions 

 

Morphing type wings can improve the overall 

aerodynamic performance of an aircraft, these 

technologies are a great promise for large 

aircraft. Controlling the wing during flight like a 

bird naturally improves aerodynamic efficiency, 

as well as improves fuel burn and reduce 

emissions. There is a large number of works that 

propose novel concepts such as the ones shown 

in this research, others have been implemented 

in large aircraft and in real-scale projects, which 

allows researchers to put new technologies to the 

test. 

 

However, there are still a large number of 

experiments to be carried out to scale in 

unmanned aerial vehicles, this is because the 

concepts must be taken from the level of material 

understanding to the development of new 

technologies, these also provide a suitable low-

cost experimental platform for unconventional 

technologies. 

 

The development of these concepts is 

very important for the industry because it can be 

optimized aircraft manufacturing and operating 

costs, which is why large aeronautical consortia 

are investing in full-scale projects such as 

SARITUS or Clean Sky, which are giving great 

advances in the implementation of these 

technologies for commercial use in large 

aircraft. The use of CFD and FEM can be 

implemented in the validation of technologies 

applied in mophing wings, a few years ago 

aircraft designers did not have much knowledge 

in these new transformation technologies. Today 

the knowledge of these has been spread 

exponentially, because they allow large scale 

projects which are expected to have a large 

implementation in the coming years 
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