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WING DESIGN FOR A PASSENGER AIRCRAFT 

 

 

 

SUMMARY 

The aim of the study to drawing, structural design and structural analysis of 

the wing type used in Airbus 300 Series Passengers Aircraft. Firstly the information 

about passenger planes wings, the airfoil types and wing types are given. Then using 

programs and methods are introduced. Design is modelled under CATIA drawing 

program, dimensioned and analyzed under the ANSYS WORKBENCH analysis 

program. With the help of datas that, airfoil selection, material type, the engine 

weight, G-force when landing and safety factor from Airbus, the structural analysis is 

completed. Datas that could not found from researches are determinated and 

designed. When designing the model 2 of materials is selected and compaired. As a 

result of the analysis; Total displacement, stresses, Von-Mises stresses, lifetime datas 

on the wing were obtained. 

 

 The material selection is done and he analysis results showed that the wing is 

failed under the external loads. The optimum wing structure is created by re-sizing 

the elements model. The last design is more stronger then initial model and there 

were not any other problem when landing and self-weight analysis. 
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BİR YOLCU UÇAĞI İÇİN ÖRNEK KANAT TASARIMI 

 

 

ÖZET 

 

Bu bitirme çalışmasında,  Airbus 300 Serisi yolcu uçaklarında kullanılmak 

üzrere kanat tipinin çizimi, yapısal tasarımı ve yapısal analizi yapılmıştır. İlk olarak 

yolcu uçakları, yolcu uçaklarında kullanılan kanat tipleri hakkında bilgi verilmiştir. 

Daha sonra kullanılan programlar ve metotlar hakkında bilgi verilmiştir. Tasarım 

CATIA çizim programı içinde modellenmiş ve ardından ANSYS Workbench analiz 

programında boyutlandırılmış ve yine ANSYS Workbench programı içinde analiz 

edilmiştir. Airbus’ın kendi paylaşmış olduğu kanat profili, motor ağırlığı, maruz 

kaldıkları G kuvvetleri ve tasarım için gerekli güvenlik katsayısı dâhil edilerek 

yapısal analiz gerçekleştirilmiştir. Kaynaklardan elde edilemeyen veriler tasarlanmış 

ve belirlenmiştir. Kanat modeli tasarlanırken, iki adet malzeme seçilmiştir ve 

malzemeler karşılaştırılmıştır. Analiz sonucunda; kanat üzerindeki toplam yer 

değiştirmeler, gerilimler, Von Mises gerilimi, malzemenin kullanım ömrü verileri 

elde edilmiştir. 

 

Test sonucu, malzeme seçimi yapılmıştır ve kanadın maruz kaldığı kuvvetler 

karşısında yeterli olmadığını göstermiştir. Belirli iyileştirmeler sonucunda optimum 

bir kanat yapısı elde edilmiştir. Son model ilk modele nazaran daha ağırdır ama daha 

sağlamdır ve iniş sırasında aynı zamanda kendi ağırlığında sıkıntılı bir durum 

yaşanmamıştır. 
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1. INTRODUCTION 

1.1 Purpose of Thesis 

The purpose of the thesis is that designing a wing of a passengers aircraft using for 

Airbus 300 Series. Because the wings in this series are exposed to intense stress, especially 

during landing and therefore the lifetime of the wings are reduced. When all of the situations 

considered, improving the structural design is required. 

1.2 Literature Review 

1.2.1 Passengers Aircraft 

11 years after the Wright Brothers built their first aircraft, the world's first passenger 

plane was put into service. The aircraft that carries passengers for the first time is a zeppelin 

named DELAG. From 1919 to 1936, the zeppelins continued their regular flights, but after an 

accident in 1936 zeppelins were replaced by passenger planes. 

Between 1934-1936, fast and comfortable airplanes with aerodynamically profiled 

fuselage made of metal were take placed.[1] 

 

Figure 1. 1: The World’s First Passenger Aircraft 



2 

 

Figure 1. 2: Modern Passengers Aircraft (Airbus A-321) 

1.2.2 Wing 

The most important structure that lifts and holds the aircraft in the air is the wing. The 

wing carries both itself and the weight of the entire plane in the air, as well as the work it takes 

with various different forces such as slowing down with flaps. Wing body connections face 

metal fatigue due to these changing, internal and external loads. 

There are 3 type of wing types whih is monoplane, biplane and triwing are using for 

airplanes. For passengers aircrafts monoplane is used to design.[2] 

1.2.2.1 Structural Components of Wings 

There are 4 componets of wing structure, which is; 

 Spars 

 Ribs 

 Skin 

 Stringers 

Spar is a kind of beam that is the main load-bearing structural element in all wings. 

Ribs are main components to shapes the wing in uniq airfoil. 

The skin is covering the internal other components of the wing. 

Stringers are thin strips that are responsible for transferring loads acting on the skin to the spars 

and ribs. [2] 
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Figure 1. 3: Components of Wing Structure 

1.2.2.2 Airfoil 

Airfoil is 2-dimensional and vertical cross-section object that moving in any fluid such 

as wing, propeller, rudder and sail. It is designed to give the optimum Lift/Drag ratio to the 

craft that moving in any fluid such as air and water. The lift force is occured by pressure 

differences on the surface of the wing and the drag force is occured by the difference in 

velocity between solid and the fluid. [3] 

 

 

Figure 1. 4: Airfoil Section 

 

To design a aircraft wing, the necessary information is given on the Figure 1.4 
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1.3 Softwares 

1.3.1 Catia  

Computer Aided Three Dimensional Interactive Application is a professional software 

version developed by the French company Dassault Systèmes and marketed by IBM. It is using 

to design and model any object for mechanical engineering, systems engineering, electrical 

systems, fluid systems, designing etc.[4] 

 

 
 

Figure 1. 5: Example for CATIA 

 

The purpose of using catia in this project is to import airfoil datas to the system. Steps for 

catia is given below: 

 Airfoil datas are taken from Airfoiltools website. 

 Taken datas is importing to CATIA for creating points to sketch the shape of wing 

 Created points is attaced to each other with the help of splines 

 The dimensionless surface and wireframe is drawen by splines, with the help of the 

necessary datas like chordlength, swept angle etc. 

 After these steps the STP file is created for import Surfaces to ANSYS Workbench 
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1.3.2 ANSYS Workbench 

ANSYS is a simulation software that used in engineering. It is used after the design 

phase of the products and allows testing in a virtual environment before the prototype is 

produced. With the help of 3-dimensional simulations of parts and part assemblies, it helps to 

improve the design by allowing the product to be examined in terms of strength, mechanics and 

mechanical vibration. 

 

ANSYS is a software that uses the finite element method. It runs its operations by 

dividing the parts to piece to be examined into many small elements.[5] 

 

 

Figure 1. 6: Example for ANSYS Workbench 

The purpose of using ANSYS Workbench in this project is to give diemension to wing 

structure and analyze the wing. Steps for ANSYS Workbench is given below: 

 STP file from catia is imported to ANSYS workbench. 

 The  necessary thicknesses for spar,rib and skin is given to geometrical model. 

 Merging is completed for split parts 

 Material selection is applied to the parts. 
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 Optimum Mesh is determined and applied to the merge topology model. 

 The necessary boundary conditions, like accleleration, standart earth gravity, forces and 

displacements is determined and applied to the system.  

 The solve is complieted to analyze the wing and the required data is obtained to discuss 

and compare the results. 

 The essential configuration is done for optimum and stronge wing design. 

 

1.3.2.1 Finite Element Method 

Finite element method (FEM) is a numerical analysis method commonly used in 

engineering and mathematical models. FEM is especially used in structural design, heat 

transfer, fluid mechanics, mass transfer and electrical potential problems. This method is 

especially applied in the solution of two or three dimensional partial differential equations and 

boundary value problems.  

 

Figure 1. 7: FEM Example 

FEM essentially split up a large system into smaller components called finite elements. 

The space where the equation is solved is separated by dividing it into small regions. As a 

result of this formulation of the boundary value problem, an algebraic equation system is 
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obtained. This system is then solved with different methods. In these methods, the results are 

obtained in terms of basis functions. In other words, the actual solution is interpolated using 

these functions.  

 

Examination of a system by finite element method is known as finite element analysis 

(FEA). The method was first introduced in the 1940s and started to be used in aircraft designs 

in the 1950s. The main purpose to use this method is to minimize errors that may be 

encountered before production. 

 

Solution region is divided into a finite number of sub regions (elements) of simple 

geometry such as triangles, rectangles, hexahedras. These regions helps to understand and 

making easy to solve the entire body. The selection of the shape is depending on the structure 

design.[6] 

 

Figure 1. 8: Element Shapes of FEM 
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2. WING DESIGN 

2.1 Reference Wing 

For Wing Structure, some of information to sketch the wing is published from the 

official resoruces of Airbus Company. It is also abvious that there is not likely to reach all of 

the information about wing structure. So for the design Airbus A-321 is choosen for reference 

wing. [7] 

 

 

Figure 2. 1: Specificaions of Airbus A-321 (Top Side) 
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Figure 2. 2: Specificaions of Airbus A-321 (Front Side) 

 

From Figure 2.1 and Figure 2.2 the necessary informations that founded and 

determinated to design the structure of the Airbus A-321 wing is listed below: 

 

Table 2. 1: Necessary Datas To Design The Wing 

Wing Span 18 m 

Root Chord 6.07 m 

Middle Chord 3.92 m 

Tip Chord 1.64 m 

Twist Angle 4° 

Dihedral Angle 6° 

Swept Angle 25° 
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2.2 Airfoil Selection 

As mentioned above the Section 1.2.2.2, airfoil provides wing lift force to fly the entire 

Airplane. For Airbus A-321 NACA 23015 Airfoil profile is using to design the wing.[8[ 

 

 

Figure 2. 3: Airfoil Profile for Airbus A-321 

 

Figure 2. 4: Lift and Drag Coefficient for NACA 23015 

 

To design the plane three different chord length is used as it mentioned in Table 2.1 
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2.3 Wing Structure 

In this section, this work is concerned with figure out the structure of the wing. Defining 

the structre is very importing point for designing because under the load the mechanism should 

be strong, light and cheap. All these parameters is considered, the initial merits have to be 

choosen very specific.  According to the reference wing, airfoil selection and some information 

from NASA, initial structure values is calculated.  

 

Figure 2. 5: Wing Structure 

All of the calculation is made for left wing structure.  As mentioned above, the airfoil is 

choosed NACA 23015 but three different chord length is used to design.  The spar 

configuration is defined as for main spar at 15% and the rear spar at 75%.  [9] 

 

 

Table 2. 2: Initial Thickness Values 
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Skin 7 mm 

Rib 3 mm 

Spar 15 mm 

 

2.4 Drafting the Wing Structure 

First of all to draw the wing, the necessary airfoil datas is taken from Airfoiltools 

wibsite. These airfoil datas is taken from website like points.  After that the points is importing 

to Catia  

 

Figure 2. 6: Airfoil Data Points 

 

With the help of spline command, airfoils points are merged themselves and to each 

other. To draw the splines for chordline XY axis is used. For these commands wireframe and 

surface sections is used in Catia. 
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Figure 2. 7: Merged Airfoils 

 

To create the skin, multi-section surface comand is used to connect splines. For the limit 

condition, the lines as seen Figure 2.7 is used. 

 

 

Figure 2. 8: Skin Surface 

 

With the extrude command, 23 ribs and 2 spars is created. As in the Figure 2.9 
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Figure 2. 9: Spar and Rib Surfaces 

 

At the end of the drawing, skin, ribs and skin is assembling is complited. 

 

 

Figure 2. 10: Rendered Total Model of the Wing 

 

To analyze the system in the ANSYS Workbench, the CATpart file is coverted to STP 

format. 
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3. MATERIAL SELECTION 

Material selection is an important part of the process of producing new solutions to 

problems. This process is called engineering design. Design and material engineers responsible 

for the proper material selection. The design of engineering components is limited by 

accessible materials. New design is possible when new materials are used. To select new 

materials in products is due to the following factors below: 

 Cost reduction of a material. 

 Cost reduction of the production. 

 Providing some changes in the process function. 

 Take advantages of new materials. 

 Take advantages of new production methods. 

 Consider the damage analysis recommendations.  

The importance of material selection in this project is to be able to design a product that 

proper under the high and unstabile strees on wing structure.  

To select acceptable materials, 2 different materials that using in aerospace factory will be 

examined and theis structural analysis results will be compared. Selected Materials is listed 

below: 

 Aluminium 7075-T6 

 Aluminium 7178-T6 

It is a ductile metal. The atomic number is 13. It is generally found in the form of bauxite 

ore in nature and is known for its superior resistance to oxidation. Passivation is the basis of 

this resistance. It is used in making millions of different products in many branches of the 

industry and has a very important place in the world economy.  

Structural components made of aluminum are indispensable for the aerospace industry. It 

finds wide usage in the transportation and construction industry, which requires lightness and 

high strength. 
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For Aluminium 7000 Series, the primary alloying element Zn is present in a proportion of 

1% to 8%. It is generally used with Mg, Cu and low rates of Mn and Cr to strengthening. This 

group has become the indispensable Aluminum alloy of the aircraft industry with their strength.  

 

7000 series alloys have higher strength and machinability, but low weldability and low 

corrosion resistance. 

 

T6 Heat Treatment is a two-phase process applied to Aluminum, Copper or Silicon alloys 

to increase the strength of the alloy by up to 30%.[10] 

 

3.1 Aluminium 7075-T6 

To see what is made of for 7075-T6, Figure 3.1 should be probed. 

 

Figure 3. 1: Manufacture Distribution of 7075-T6 

For this kind of alloys, use different proportions causes changes in mechanical and 

chemical properties. [11] 
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Figure 3. 2: Mechanical Properties of 7075-T6 

3.2 Aluminium 7178-T6 

 

Figure 3. 3: Manufacture Distribution of 7178-T6 

 

As seen above the Figure 3.3, configuration of the alloys is different from each other. 

They are in the same series as 7000 Serias and they have both the same heat treatment method. 
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Figure 3. 4: Mechanical Properties of 7178-T6 

 

To put in a nut shell, Both alloys has similar properties. Main necessary differences are 

listed below. [11] 

 

 Density 

 Tensile Yield Strength 

 Ultimate Tensile Strength 
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4. STRUCTURAL ANALYSIS 

After created the wing surface design, the Cadpart is coverted to STP file and it is imported 

to the ANSYS Workbench. The initial thickness values that belongs to ribs, spars and skin are 

assigned to the design as; 

 

 Skin 7 mm 

 Rib 3 mm 

 Spar 35 mm 

 

To import from catia the file is caused some problem like the whole system is not merged 

at all. With the help of Share Topology command, the problem is fixed. After this step, part 

have been ready to mesh. 

 

Figure 4. 1: Merged Model of Wing 
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4.1 Boundary Conditions 

As mentioned, Airbus A-321 was chosen as a reference model. For this section the 

necessary factors to decide boundary conditions is listed below: 

 Fuel Weight 24,000 kg 

 Weight of the engine 2,380 kg 

 Maximum take-off weight of the fuselage  

 The G-Force for landing 3G 

 Safety factor 1.75 

 Displacement conditions. 

For the calculation, the factors except list that mentioned above, have been neglected. For 

proper calculation the neglected values are included to factor of safety. 

Maximum take-off weight; 

 (4.1) 

W: Maximum take-off weight = 93,500 kg 

F:Fuselage weight 

W: Wing weight (single) = 13,000 kg (initial calculation) 

Fu: Fuel weight (for single wing) = 12,000 kg 

E: Engine weight = 2,500 kg 

P: Payload (cargo, crew and passengers) 

From this equation, the max. take-off weight of fuselage (F+P)  is calculated as  

(4.2) 

The single wing has to create lift force for fuselage as 19,250 kg, for fuel 12,000 kg for 

engine 2,500 kg. 

For the calculations the g as earth’s gravity is taken as 9,806.6 mm/s² 

The forces will  be applied on the wing as seen in the Figure 4.2 below. 
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Figure 4. 2: Applied Forces on the Wing 

After applied the forces the body is fixed at the and of the rear and main spar to analyze 

the system.[12] 

4.2 Meshing 

For the Finite Element Analyze, the system should be meshed with proper size of the 

method. To do that in the 2-dimensional analyze triangular and mesh is chosed and the mesh 

element size is determined as 70 mm. 

 

Figure 4. 3: Meshed Body (right side) 
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Figure 4. 4: Meshed Body (front side) 

To check mesh quality, the Orthogonal Quality command is used 

 

Figure 4. 5: Mesh Quality Control 

To talk about mesh quality control, 0 means bad and 1 means good and proper mesh. 

 

Figure 4. 6: Mesh Quality Values 

As seen in the Figure 4.6 the average of the mesh quality is 95.873% and this ratio is 

acceptable for analyze. It’s also proved that, triangular mesh model and 70 mm element size is 

enough to analyze this wing design. 
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4.3 Analyze Results 

 

4.3.1 Aluminium 7075-T6 

 

Figure 4. 7: Von-mises Stresses 

 

 

Figure 4. 8: Displacement Vector Sum 
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Figure 4. 9: Life Time 

 

4.3.2 Aluminium 7178-T6 

 

Figure 4. 10: Von-mises Stresses 
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Figure 4. 11: Displacement Vector Sum 

 

 

Figure 4. 12: Life Time 
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5. OPTIMIZATION 

To compare two materials. As it seen in section 4 and section 3, the results are the same. 

Because the young modulus and poisin ratio is equal each other, it’s normal to get such a result 

like that. The main differences between tho selected materils is tensile yield strength. So the 

Aluminium 7178-T6 is choosen to continue analysis the system. 

As it seen in the Figure 4.10 the stress could not calculated using the factor of safety. 

So it should be strengthened to handle maximum load. To do that, the thickness of both spars 

fuselage sides is increased as 5mm and the system is re-analyzed. 

 

Figure 5. 1: Von-mises Stresses 
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Figure 5. 2: Displacement Vector Sum 

 

Figure 5. 3: Life Time 

 

Figure 5. 4: Factor of Safety 
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6.  CONCULUSION AND RECOMMENDATIONS 

The main purpose of thesis was to design and optime a wing structure with the help of 

previous studies. Since most of the structural datas are confidential, the model was design and 

sized with specific assumptions. 

 With the help of CATIA and ANSYS; design, sizing, meshing and analysis were 

completed without any problems. 

 

 Alluminiun 7178-T6 can be used in wing production. 

 Different material types can reduce the weight of  wings. 

 Different material types can increase the life time of wings. 
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