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STRUCTURAL DESING AND ANALYSIS OF UAV WING 

SUMMARY 

Composite materials consists 2 or more materials in one, in macroscale. By adding 

materials, material properties are aimed to enhanced such as structural features. 

Utilizing this type of material in aviation and defense industry is becoming more and 

more important since it offers advantageous features like lightweight and structural 

stability. 

One area where composite materials are used is Unmanned Aerical Vehicles (UAV). 

Basically, UAV is defined as aircrafts with no pilot and passangers which can be 

controlled remotely or autonomously. UAVs can be used in wide range of operations 

such as military, transportation, search and rescue. 

In this graduation project, by taking some UAV wings as references, a composite 

UAV wing is designed and analyzed. Parameters are selected according to couple of 

UAV wing examples. These examples are ANKA, MQ-9 Reaper and IAI Heron.  

Finite Element Analysis (FEA) is used for analyzing the wing. FEA is dividing the 

part into small pieces, meshes, and applying the needed equations onto these meshes 

to get the overall behavior of the part. Park, Nguyen, Kweon and Choi (2011) 

analyzed a composite UAV wing by using FEA, under different loads. They 

considered Tsau-Wu failure index to determine whether the wing failures or not 

under the loads. Günay and Özbay (2019) compared the UAV wing in terms of 

materials and they showed the composite materials are superior to aluminum alloys. 

They also compared NACA 4415 and NACA 62A215 airfoils and stressed that 

NACA 4415 shows better performance. 

In this project, sketching and analysis is conducted via ANSYS software. Firstly, 

among different airfoils, NACA 2415 is selected since it gives the highest lift 

coefficient. After other parameters are chosen, sketching process is started by 

sketching the ribs, 13 ribs are sketched. Then two I-shaped spars are sketched. After 

skin placements, fluent analysis is conducted to obtaing velocity and pressure values 

by using ANSYS Fluent. These data are transferred to static-structural anaylsis with 

the help of System Coupling feature of ANSYS. Finally, total deformation, strain, 

tensile and compression stress values are obtained after structural analysis.   
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İHA KANADININ YAPISAL TASARIM VE ANALİZİ 

ÖZET 

Kompozit malzemeler, iki ya da daha fazla malzemenin tek bir malzeme olmak üzere 

birleştirilerek oluşturulan malzeme türüdür. Farklı malzemeler birleştirilerek, yapısal 

özellikler gibi özelliklerin geliştirilmesi amaçlanmaktadır. Kompozit malzemelerin 

kullanımı, sağladığı hafiflik ve yapısal kararlılık gibi sebeplerle havacılık ve 

savunma endüstrisinde gün geçtikçe daha da önemli bir hale gelmektedir. 

Kompozit malzemelerin kullanıldığı bir alan da İnsansız Hava Aracı (İHA)’dır. İHA, 

en basit tanımıyla, pilot ve yolcusu olmayan, uzaktan ya da otonom olarak kontrol 

edilen hava aracı olarak tanımlanabilir. İHAlar; askeri, ulaşım, arama-kurtarma gibi 

çok geniş bir kullanım alanı yelpazesine sahiptir.  

Bu bitirme projesinde, bazı İHAların kanatları referans alınarak, kompozit bir İHA 

kanadı tasarlanmıştır ve analizi yapılmıştır. Kanat parametreler, referans alınan bu 

kanatların özelliklerine göre belirlenmiştir. Bahsi geçen referans İHAlar; ANKA, 

MQ-9 Reaper ve IAI Heron’dur. 

Kanat analizi için Sonlu Elemanlar Methodu (SEM) kullanılmıştır. Bu yöntemde, 

parça çok küçük elemanlara bölünür ve gerekli denklemler bu elemanlara 

uygulanarak parçanın davranışı elde edilir. Park, Nguyen, Kweon and Choi (2011), 

kompozit bir İHA kanadını, farklı yükler altında analiz etmiştir. Kanadın hasara 

uprayıp uğramadığını belirlemek için Tsau-Wu hasar indeksini kullanmışlardır. 

Günay and Özbay (2019), farklı malzemelerden yapılan kanatları analiz etmiştir ve 

kompozit malzemenin alüminyum alaşımından daha iyi yapısal performans verdiğini 

tespit etmişlerdir. Ayrıca NACA 4415 ve NACA 62A215 kanat profillerini 

incelemiştir. NACA 4415 kanat profilinin daha iyi performans sergilediği 

gözlemlenmiştir. 

Bu projede, kanat çizimi ve analizi ANSYS yazılımı ile gerçekleştirilmiştir. İlk 

olarak, birkaç kanat profile içinden NACA 2415, en yüksek taşıma katsayısına sahip 

olduğu için kanat profili olarak seçilmiştir. Diğer parametreler de belirlendikten 

sonra rib çizimleri ile çizim aşaması başlamıştır. 13 adet rib çizildikten sonra 2 adet 

I-profil kiriş çizilmiştir. Kabuk da çizime eklendikten sonra, ANSYS Fluent ile, hız 

ve basınç değerlerini elde etmek amacıyla akış analizi yapılmıştır. Elde edilen bu 

veriler, ANSYS’in System Coupling özelliği kullanılarak yapısal analize 

aktarılmıştır. Son olarak, toplam deformasyon, şekil değişimi, çekme ve basma 

gerilme değerleri elde edilmiştir.  
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1.  INTRODUCTION 

1.1 Composite Materials in Aviation Industry 

Composite material is a type of material that consists two or more separate materials 

in macro-scale [1]. The key point in this definition is materials should not dissolve in 

each other and should be found in distinct form. By combining different materials, a 

new material that has better properties than base materials can be achieved. These 

materials are called matrix and reinforcement material. Matrix is continuous and 

maintain a medium for reinforcemen. Fiber reinforced composites (FRPs) are 

generally used in aerospace industry and they consist fibers as reinforcement material 

and epoxy as matrix material.  

Trend of using composite materials has shown an increasing behavior as production 

techniques are developed, especially in aerospace industry. One of the reason behind 

it is that composite materials offer superior features compared to conventional 

materials such as metals. Despite the fact that titanium and aluminum alloys are 

popular choices of material selection in aerospace industry, need for decreased 

weight and increased structural stability make the industry seek for new types of 

materials. Thus, popularity of composite materials has risen by 50% throughtout 

time. For example, Airbus A350-XWB has carbon composite structures of 53% of its 

weight [2]. Additionally, while only 11% of Boening 777 (manufactured in 2000) is 

made of composites, this ratio is more than 50% for Boeing 787 Dreamliner 

(manufactured in 2007) [1]. Table 1.1 shows the comparison of materials of these 

two type of airplanes.  

Table 1.1: Comparison of Boeing 777 and Boeing 787 Dreamliner in terms of 

materials [1]. 

Boeing 777 Boeing 787 Dreamliner 

11% Fiber Reinforced Composites 50% Fiber Reinforced Composites 

70% Aluminum 20% Aluminum 

7% Titanium 15% Titanium 

11% Steel 10% Steel 
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1.2 Unmanned Aerical Vehicles 

An unmanned aerical vehicle (UAV) defines aircrafts with no pilots or passengers. 

Control actions are not taken place by a human. They can be controlled remotely or 

they can fly autonomously. Manned aviation started at late 1700s while unmanned 

aviation started during First World War (around 1916) [3]. UAVs can be used at 

wide range of operations such as aerospace, military, transportation, search and 

rescue.  

Classification of UAVs are not exact and depend on classification criteria like 

size,range, endurance etc. When we consider size as criteria, UAVs are classified as 

Micro, Small, Medium and Large UAVs. Classification ccording to U.S. Department 

of Defense is shown at Table 1.2 [4]. 

Table 1.2: UAV classification according to U.S. Department of Defense [4]. 

Category Size Maximum 

Takeoff Weight 

(kg) 

Normal 

Operating 

Altitude (m) 

Airspeed (km/h) 

Group 1 Small 0-9.1 <366 <185 

Group 2 Medium 9.1-25 <1067 <463 

Group 3 Large <600 <5500 <463 

Group 4 Larger >600 <5500 Any Airspeed 

Group 5 Largest >600 >5500 Any Airspeed 

1.3 Scope of the Project 

In this graduation project, a composite wing for an UAV will be designed by taking 

some UAVs as references. Design parameters will include placement of the wing, 

airfoil, sweep angle, taper ratio, dihedral angle and chord length. Spars and ribs will 

also be designed. After all of criteria is determined, wing will be sketched by using 

ANSYS software.  

After sketching, static analysis will be conducted via ANSYS software. 
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2.  UNMANNED AERIAL VEHICLES 

2.1 UAV Examples 

This section of the report consists of some examples of UAVs. Some of their 

properties are given. While designing the UAV wing of the project, these properties 

are taken into account. In this project; ANKA, …….. are examined.  

2.1.1 ANKA 

ANKA is an Medium Altitude Long Endurance (MALE) class UAV, manufactured 

by Turkish Aerospace Industry (TAI) [5]. The process has begun at December 4, 

2004 by signing a contract between TAI and Undersecretariat of Defence Industry. 

ANKA is being manufactured for Turkish Armed Forces. Introduction of ANKA had 

been made at July 16, 2010 [6]. A photograph of ANKA is shown at Figure 2.1.  

 

Figure 2.1: ANKA [5].  

Some properties of ANKA is shown at Table 2.1. 

Table 2.1: Properties of ANKA [7]. 

Length 8.6 m 

Height 3.25 m 

Wingspan 17.5 m 

Wing area 13.6 m2 

Sweep angle 0 
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Aspect ratio 22 

Endurance 24 hours 

Max. altitude 9144 m 

Take-off weight 1500 kg 

2.1.2 MQ-9 Reaper 

MQ-9 Reaper is an UAV designed and manufactured by General Atomics 

Aeronautical Systems for United States Air Force and Royal Air Force. It is an 

remotely controlled aircraft and designed for long endurance and high altitude 

missions. Also, it is the first hunter-killer UAV [8]. A photograph of MQ-9 is shown 

at Figure 2.2. 

 

Figure 2.2: MQ-9 Reaper [8]. 

 

Some properties of MQ-9 is shown at Table 2.2. 

Table 2.2: Properties of MQ-9 Reaper. 

Length 11 m 

Height 3.8 m 

Wingspan 20 m 

Endurance 27 hours 

Max. altitude 15240 m 

Take-off weight 4760 kg 
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2.1.3 IAI Heron 

IAI Heron is an MALE UAV manufactured by Israel Aerospace Industries. This 

UAV is being used by Israel, Turkey, India and Brazil for reconnaissance and 

surveillance operations [9]. A photograph of IAI Heron is shown at Figure 2.3. 

 

Figure 2.3: IAI Heron [9]. 

Techinal features of IAI Heron is shown at Table 2.3.  

Table 2.3: Properties of IAI Heron [9]. 

Length 8.5 m 

Max. Speed 207 km/h 

Wingspan 16.6 m 

Endurance 45 hours 

Max. altitude 9144 m 

Take-off weight 1150 kg 
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3.  LITERATURE REVIEW 

Method of Finite Element Analysis (FEA) (which was introcued by Turner. et. al. 

(1956)) is a computational technique to solve engineering problems by dividing the 

whole system into very little pieces,called “mesh”, and appyling the data onto these 

meshes to see the whole behavior of the system with the help of boundary conditions 

[10]. In this project, an UAV wing is designed and analyzed by using ANSYS which 

is a software that uses FEA method. It is clearly seen that in literature, most of the 

studies is done by using the same method.  

Park, Nguyen, Kweon and Choi (2011) conducted a study which consists of 

structural analysis of a composite target drone. They performed static strength and 

buckling tests on the wings under 5 g and -1.5 g loads. Glass fabric is chosen as wing 

material and NACA-1410 airfoil is used. While performing analysis on NASTRAN, 

Tsai-Wu failure criterion is considered. It was found that for both of the loads, Tsai-

Wu index smaller than 1. [11]. From this paper, it is learned that one of the 

conditions to design a robust wing, Tsai-Wu index should be smaller than 1. 

Günay and Özbay (2019) modelled a wing via CATIA software and conducted 

structural static analysis vis ANSYS software. As materials; Epoxy E-Glass UD, 

Epoxy S-Glass UD, Epoxy Carbon Woven, Epoxy Carbon UD and aluminium alloy 

were used. It was found that aluminium alloy shows the worst performance while 

Carbon Epoxy UD shows the best performance in terms of total deformation and 

stress values. They also compared NACA 4415 and NACA 62A215 airfoils and 

found that NACA 4415 shows better structural performance [12]. Mesh parameters 

and wing properties were also given in this paper and they gave an insight about this 

project. 

4.  DESING OF WING GEOMETRY 

From different UAVs, some features of this project’s UAV are determined an shown 

in Table 4.1. 
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Table 4.1: Properties of UAV. 

Altitude 10000 m 

Wingspan 18 m 

Max. speed 250 km/h 

Max. takeoff weight 1500 kg 

Wing area 14.5 m2 

Aspect ratio 22.34 

In this section, some parameters such as wing configuration, sweep angle, airfoil, 

chord length, dihedral angle and taper ratio is explained in terms of effect on wing 

performance.  

4.1 Wing Configuration 

A wing can be attached to the fuselage in different ways. According to their 

locations, wings are called as low wing, mid wing and high wind. Each of these types 

has their own advantages and disadvantages. 

Low wing configuration refers to wings that are attached to the bottom of the 

fuselage. Most of the passenger aircrafts such as Airbus A380 and Boeing 787 has 

low wing configuration. A low wing aircraft is shown at Figure 4.1. Its advantages 

are [13]; 

 Refueling the aircraft is easier.  

 Landing gears can be placed in the wings. 
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 Better ground effect, that increases the lift and decreases the drag when the 

aircraft is near to the landing surface, is achieved by low wing configuration. 

As disadvantages; 

 Since the center of gravity is located above the wings, roll stability is 

relatively low.  

 During the maintainance of the aircraft, the maintainance staff has less space 

for movement. 

 

Figure 4.1: Low wing aircraft [14]. 

In the case of mid wing configuration, wing is attached between the upper and lower 

portion of the fuselage. Most of the combat aircrafts has this configuration. De 

Havilland Vampire T11 (shown in Figure 4.2) and Brewster SB2A Buccaneer can be 

given as examples. Advantages of this configuration are [13]; 

 It has better roll stability than high and low wing configurations. This is why 

this configuration is seen at combat aircrafts that is capable to do sharp 

maneuvers.  

 It allows to carry combat equipments such as missiles. 
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 It has less interference drag.  

As disadvantages; 

 It occupies more fuselage volume than other configurations. This is the 

reason this configuration is not preffered for commercial aircrafts.  

 Wings generally attached at the rear side of the fuselage which causes the 

center of mass shifts to rear regions.  

 

Figure 4.2: De Havilland Vampire T11 [13]. 

Finally; wings are attached at the top of the fuselage are called as high wing 

configuration. As an example, Airbus CASA C295 is shown at Figure 4.3.  Most of 

the cargo aircraft has high wing configuration. Its advantages are listed as; 

 Since the fuselage is closer to the surface, it’s easier to load and unload the 

aircraft.  

 More lift can be achieved compared to other configurations. 

 More space to allow for maintainance staff.  
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Disadvantages are; 

 Its harder to refuel the aircraft. 

 

Figure 4.3: Airbus CASA C295 [13]. 

A research is conducted to decide which type of configuration should be used. Both  

Hemant et. al. (2013) and Yayli et. al. (2017) used high wing configuration due to 

aerodynamic advantages [15, 16]. Even if the wing configuration has no effect on 

sketches and analysis; in this project, designed wing is a high wing for UAV. 

4.2 Sweep Angle and Dihedral Angle 

Sweep angle refers to angle between the fuselage and the wing from top view of 

aircraft. The main reason such an angle exists is to increase the critical Mach number 

so that preventing shock waves which increases the drag. However, optimization is 

the key. Increasing the sweep angle makes the wing heavier and may cause a drop in 

maximum lift coefficient. Since the designed UAV does not reach high velocities, 

sweep angle is set to 0°. 

Dihedral angle is the angle between x-axis and the wing from front view of aircraft. 

It is used to increase the stability of the aircraft. From the information given at Table 
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4.2, which gives the relation between swept angle, dihedral angle and wing 

configuration, dihedral angle can be chosen between 0 to 2. Therefore, dihedral angle 

is set to 0°. 

Table 4.2: Dihedral angle selection [17]. 

 

4.3 Taper Ratio 

Taper ratio is defined as the ratio between tip chord length and root chord length. In 

this project, due to diffuculty to sketch a tapered wing and lack of time, designed 

wing has a taper ratio of 1. 

4.4 Aifoil Selection 

Airfoil is the most important parameter that effects the aerodynamic performance of 

an aircraft. Thus, it is essential to select a proper airfoil for an aircraft. In this project, 

some airfoils are selected as candidate airfoils and one of them is selected to be used. 

This selection is done by comparing them in terms of aerodynamic performance.  

First, we need to determine the Reynolds number for determined conditions. In Re 

formula, length is needed. Since a rectangular airfoil is designed, chord length is 

determined as 1.1 meter and used for Re calculations.  

Other parameters to calculate Re; 

 Chord length is 1.1 m. 

 Max. velocity is 250 km/h = 69.44 m/s  

 Air density at 10000 m : 0.4135 kg/m3 

 Dynamic viscosity at 10000 m : 1.458 x 10-5 Ns/m2 

From these values, Re number is found as 2166308.91 Using an online airfoil tool, 

NACA 2415, NACA 4412, NACA 63-15 and NACA 63-415 airfoils, which are 
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shown at Figure 4.4 [18], are compared Comparsion is done according to below 

criteria; 

 Lift coefficient vs. drag coefficient 

 Lift coefficient vs. angle of attack 

 Ratio of lift and drag coefficients vs. angle of attack 

 Drag coefficient vs. angle of attack 

 Comparison results are given at Figure 4.5 [18]. 

 

 

 

Figure 4.4: Compared airfoils. [18]. 

 

Figure 4.5: Comparison results [18]. 
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By evaluating these graphs, it is seen that NACA 2415 gives the best result among 

them, in terms of lift coefficient. Finally, NACA 2415 is selected as airfoil for this 

project. 

5.  DESIGN OF INTERNAL STRUCTURE OF THE WING 

Internal structure of the wings are responsible for external effects by maintaining 

strength. Internal structure of the wing has 3 basic elements; 

 Spars 

 Ribs 

 Skin 

Each of these elements are responsible to maintain the durability of the wing by 

resisting difference types of loads. Therefore, they are able to keep the aerodynamic 

shape of the wing. Figıre 5.1 shows the internal structure of the wing. 

 

Figure 5.1: Internal structure of a wing [19]. 

5.1 Spars 

Spars are the main structural element of a wing that are responsible from distributing 

and delivering the load to the fuselage. They carry bending and torsion moments. 

Mostly, aluminum is used as spar material. Spars can be different shapes, such as I or 

C shaped. Generally, two spars are used in wings; front and rear spar. In this project, 

2 I-shaped spars are used. In Figure 5.2, front view is shown. There, two I-shaped 

spar can be seen.  
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Figure 5.2: Front view of spars on a rib. 

It is suggested that location of front spar is between 15-20% of the chord length. This 

value is around 65% for the rear spar. In this project, front spar is placed 18% of the 

chord length while rear spar is located 68% of the chord length. 

In Figure 5.3, longitudinal view of spars are seen. They are 13.18 m in length.  

 

Figure 5.3: Longitudinal view of spars. 
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5.2 Ribs 

Ribs deliver the load from skin to spars. They are placed along the wing, from root to 

tip. Wing’s shape is maintained by the ribs. Distance between two consecutive rib 

increases from root to tip. It’s because the load at the root side is more than the tip 

side.  

In this project, 15 ribs are used. Distance from the root of every rib is given at Table 

5.1. 

Table 5.1: Distance of the ribs. 

Rib 1 0 m 

Rib 2 0.526 m 

Rib 3 1.106 m 

Rib 4 1.517 m 

Rib 5 1.943 m 

Rib 6 2.446 m 

Rib 7 3.221 m 

Rib 8 4.0648 m 

Rib 9 5 m 

Rib 10 6 m 

Rib 11 7.15 m 

Rib 12 8.46 m 

Rib 13 10 m 

Rib 14 11.43 m 

Rib 15 13.18 m 
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In Figure 5.4, ribs’ sketch is shown. Not all part o a rib carry the load, this is why 

some holes can be drilled on a rib. In this project,There are 5 holes on each rib to 

decrease the weight. In Figure 5.5, a close-up image of a rib is shown. 

 

Figure 5.4: Ribs. 

 

Figure 5.5: Closer image of a rib. 

. 
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5.3 Skin 

Skin is the first structure that meets the load and deliver the load to the ribs. It gives overall 

wing’s shape and covers the whole wing. Skin width is set to 3 mm for this project. Figure 5.6 

and 5.7 shows overall structure of the wing.  

 

Figure 5.6: Ribs, spars and skin. 

 

Figure 5.7: Overall structure of the wing. 
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6.  ANALYSIS OF THE WING 

In this section, designed wing is analyzed by using FEA (Finite Element Analysis) with the 

help of ANSYS software. First, CFD (Computational Fluid Dynamics) analysis is conducted. 

Then, structural analysis is performed. A huge rectangular box is created that embodies the 

whole wing and represents air, to be used in fluent analysis. Element size is set as 50 mm 

around the wing to get more accurate solutions. Figure 6.1 and Figure 6.2 show the mesh 

structure.  

 

Figure 6.1: Front view of the mesh structure. 

 

Figure 6.2: Isotropic view of the mesh structure. 
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6.1 Fluent Analysis 

CFD is subbranch of fluid dynamics that analyze and solve the fluid flows problem by using 

numerical methods and data structures. It helps to optimize the structures before the 

manufacturing process and decrease the cost. Conventional fluid dynamics is only helpful when 

dealing with simple geometries such as plane or circuler pipes. However, when it comes to 

complex geometries like wings, conventional fluid dynamics is not sufficient. CFD analysis is a 

great way to analyze these complex geometries. 

In this project, ANSYS Fluent is used for fluent analysis. Since UAV will perform at 10000 m 

height, density and viscosity are set as 0.4135 km/m3 and 1.458x10-5 respectively. Also, the 

maximum velocity of the UAV, which is 250 km/h (70 m/s), is input data. Results are 

computed after 200 iteration.  

6.1.1 Results of Fluent Analysis 

Pressure and velocity distribution is obtained through fluent anaylsis. As it can be seen in 

Figure 6.3, velocity is decreasing from leading edge to trailing edge as expected. Maximum 

velocity is 131 m/s whilst minimum velocity is 0,33 m/s.   

 

Figure 6.3: Velocity distribution along the wing. 
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Figure 6.4 shows the velocity distribution of the left view of the wing which is attached to 

fuselage. Leading edge and trailing edge has the minimum velocity. Maximum velocity 

occured around the maximum thickness of the wing.  

 

Figure 6.4: Velocity distribution of the left side of the wing. 

Pressure distribution along the wing is given at Figure 6.5. As it can be seen from the figure, 

pressure is increasing from leading edge to trailing edge. Maximum and minimum pressure 

values are 1040 and -1890 Pa, respectively.  

 

Figure 6.5: Pressure distribution along the wing. 
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Figure 6.6 shows the pressure distribution of the left view of the wing which is attached to 

fuselage. As it can been in Figure 6.6, the maximum pressure occurs around the leading edge. 

Minimum pressure region is observed after the leading edge. 

 

 

Figure 6.6: Pressure distribution of the left side of the wing. 

6.2 Structural Analysis 

After fluent analysis, structural analysis has been done by using “System Coupling” feature of 

ANSYS. This feature enables to transfer the data of fluent analysis such as pressure to 

structural analysis part. Set-up is shown at Figure 6.7. 

 

Figure 6.7: System set-up in ANSYS. 

For structural analysis; total deformation, elastic strain, maximum and minimum principal 

stresses, force and moment data are selected to collect information. After all of these settings, 

analysis is started in system coupling by clicking “Update”. Epoxy Carbon Woven 395 GPa is 

selected as material for whole structure. Properties of the material is given at Table 6.1. 
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Table 6.1: Properties of Epoxy Carbon Woven 395GPa 

Density 1480 kg/m3 

Young Modulus (X direction) 91820 MPa 

Young Modulus (Y direction) 91820 MPa 

Young Modulus (Z direction) 9000 MPa 

Poisson Ratio (XY Plane) 5x10-2 

Poisson Ratio (YZ Plane) 0.3 

Poisson Ratio (XZ Plane) 0.3 

Shear Modulus (XY Plane) 19500 MPa 

Shear Modulus (YZ Plane) 3000 MPa 

Shear Modulus (XZ Plane) 3000 MPa 

 

6.2.1 Results of Structural Analysis 

After 2 hours of analyzing process, results are obtained. To begin with; total deformation result 

is shown at Figure 6.8 and Figure 6.9. As it can be seen, maximum deformation occurs at the 

tip of the wing (10.371 m) while minimum deformation occurs at the root of the wing (1.1523 

m) as expected. 

 

Figure 6.8: Total deformation on the wing. 
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Figure 6.9: Total deformation on the wing (Isometric view). 

The next data obtained is strain and it is shown at Figure 6.10. Maximum strain is obtained near 

the root of the wing. As going tip of the wing, strain values is seen to be decreased. Maximum 

strain value is obtained as 0.023927 m/m while the minimum strain value is 1.74x10-6 m/m.  

 

Figure 6.10: Strain values on the wing. 

 

After that, tensile stress on the wing is observed. In Figure 6.11, top of the wing is shown. As it 

can be seen, there is no significant tensile stress there. Tensile stress occurred at the bottom of 

the wing, shown in Figure 6.12. The maximum tensile stress occurred bottom root side of the 

wing as 203 MPa.  
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Figure 6.11: Tensile stress on the top of the wing. 

 

Figure 6.12: Tensile stress at the bottom of the wing. 

Finally, compression stress on the wing is observed. For the top of the wing, compression stress 

tends to increase towards to the tip of wing as it can be seen in Figure 6.13.  

 

Figure 6.13: Compression stress on the top of the wing. 
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For the bottom of the wing, on some points, maximum compression stress occured. Unlike the 

top of the wing, stress is constant almost through the entire bottom side of the wing. However, 

there are some points where the compression stress is less or more. As it can be seen in Figure 

6.14, the maximum stress is obtained as 37.26 MPa.  

 

Figure 6.14: Compression stress at the bottom of the wing. 
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7.  CONCLUSIONS  

Composite material is defined as a material which consist of two or more material. Resulting 

material has advanced properties than those consitutents. It is commonly used in many different 

areas, including aerospace industry. Its lighwweight and strong structure makes it a proper 

material to use. Nowadays, usage of composite materials become more and more. For example, 

Airbus A350-WXB consists composite structure 53% of its weight.  

Composite materials are also used in UAVs. UAV is defined as an aircraft which has no pilot 

an passanger. UAVs can be controlled remotely or they can operate autonomously. UAVs can 

be used in many different areas like aerospace, military, transportation and search and rescue. 

Its history lies upon 1916.   

In this project, a composite UAV wing is designed and analyzed by using ANSYS. Design 

parameters are obtained by taking some UAV as references. These referenes are ANKA, MQ-9 

Reaper and IAI Heron.  

ANSYS using FEM (Finite Element Method). This method first introduced by Turner et.al in 

1956 and it refers a computational technique to solve problems by breaking down to system 

into very little pieces. Appyling boundary layer conditions and equations onto these meshes 

gives the overall behavior of the structure under determined circumstances. FEM is a very 

popular method among the literature. Park, Nguyen, Kweon and Choi (2011) used FEM to 

analyze a composite target drone under different loads. They chose glass fabric for the NACA-

1410 wing. They applied Tsai-Wu failure index and found that this index is smaller than 1, 

meaning no failure occurs. Then, Günay and Özbay (2019) designed a wing on CATIA and 

analyzed on ANSYS. They compared the effect of material on structural performance. They 

used Epoxy E-Glass UD, Epoxy S-Glass UD, Epoxy Carbon Woven, Epoxy Carbon UD and 

aluminium alloy. They found that aluminum alloy has the worst performance and Carbon 

Epoxy UD has the best, in terms of total deformation and stress. Additionally, in this study, 

NACA 4415 and NACA 62A215 airfoils are compared and NACA 4415 shows the better 

performance.  
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Wing configuration is chosen as high wing. Sweep angle and dihedral angle is selected as 0° 

and taper ratio is selected as 1. Airfoil selection has been made by comparing NACA 2415, 

NACA 4412, NACA 63-15 and NACA 63-415. Due to its high lift coefficient, NACA 2415 is 

chosen as airofil.  

Sketching is also done by using ANSYS software. Two I-shaped spars are used. Front spar is 

placed 18% of the chord length and rear spar is placed 68% of the chord length. 13 ribs are 

used in wing. Distance between ribs is increasing from root to tip of the wing. Some holes are 

drilled on the ribs for weight reduction. By adding  2 mm thick skin, designing of the wing is 

completed.  

By using ANSYS Fluent, fluent analysis is conducted. A box that represents the air is created. 

To get more accurate solution, element size is set 50 mm around the wing. Density of the air is 

set as 0.4135 kg/m3 and dynamic viscosity is set as 1.458x10-5. The velocity of the air is set as 

70 m/s. After 200 iteration, results are in. Velocity tends to decrease from leading edge to 

trailing edge. Maximum and minimum velocities are computed as 131 m/s and 0.33 m/s, 

respectively. Pressure tends to increase from leading edge to trailing edge. Maximum and 

minimum pressure values are computed as 1040 and -1890 Pa, respectively.  

After fluent analysis, results are transferred to structural analysis via “System Coupling” on 

ANSYS.  Total deformation, strain, maximum and minimum principal stresses are obtained. 

Material is selected as Epoxy Carbon Woven 395GPa. Maximum deformation occurs at the tip 

of the wing as 10.371 m and minimum deformation occurs as 1.1523 at the root of the wing. 

Stress values tend to decrease from root to tip of the wing. Maximum and minimum strains are 

0.023927 m/m and 1.74x10-6 m/m, respectively. Maximum principal (tensile) stress occurs at 

the bottom of the wing as 203 MPa. Top of the wing is not significantly affected by the tensile 

stress. Minimum principal (compression) stress is also observed. From the root to top of the 

wing, compression stress increases for the top side of the wing. There are different regions at 

the bottom side of wing, where maximum compression stresses occurred. Stress is almost 

constant at the bottom of the wing, except for these regions. Maximum compression stress is 

obtained as 37.26 MPa. 
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