
1 INTRODUCTION 

1.1. Purpose 

This project consists of the design and statistical analysis of the wing of a Cessna 172 airplane.

This  airplane  is  among the one of  the most   common pilot  training planes  that  prioritize

dependability, simplicity and minimizing the amount of maintenance spending. [1].

 

 

Figure 1.1: Cessna 172 Aircraft [2] 

Cessna 172 Skyhawak spesifications are given in the table below:

Table 1.1: Cessna 172 Skyhawk Specifications [3, 4,5]  

Height (m) 2.72

Length (m) 8.28

Range with Max. Payload (km) 1185

Max. Cruise Speed (km/h) 230 

Maximum Take Off Weight (kg) 1157

Wing Span (m) 11

Wing Area ( m^2) 16.17

Aspect Ratio 7.5

Taper Ratio 0.69

Root Chord (m) 1.63

Tip Chord (m) 1.12

Maximum Load Factor 4.4
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This thesis was written with the goal of designing a wing for the specified aircraft model that 

meets the below mentioned requisites [6]: 

A. Lightness 

B. Toughness 

C. Resistance  

D. Maintainability

E. Reliability

The ideal structural material is selected while keeping above mentioned requisites in mind. 

Then ANSYS is used to analyze the wing’s inner composition and the model is modified 

according to these results in order to come up with the most durable structure.

 
2 SOFTWARE USED DURING DESIGN, MANUFACTURING AND 

ENGINEERING PROCESSES 

2.1. Computer Aided Design 

Computer-aided design (CAD) is used for designing and documenting the product throughout 

its design process. This advanced computer program is used to create two- and three-

dimensional representations that can be observed from any imaginable point of view, including

from within the product itself. This software is used to [7]:

Create two- or three-dimensional visual representations detailing the physical pieces of the

final product.

Produce a conceptual design, product outline, strength and dynamic analysis of assembly 

and the building processes.

Prepare environmental impact statements that allows officials to preview and review the 

structure’s assembly process by overlaying the computer-aided designs on photographs.

2.2. SOLIDWORKS
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Developed by Dassault Systems, SOLIDWORKSis a CAD program used throughout many 

steps of product development including transforming an idea into a concept, creating a design 

and even manufacturing and engineering processes. SolidWorks’s  main features are [8]:

Rendering components used for tooling and mechanical assembly out of  sheet metal 

and composites in 3D.

Checking if the product meets the design requisites by simulating its functional 

tolerance and kinematics.

Coming up with intricate and efficient product designs by approaching the problems 

from a systems engineering perspective.

 
2.3. ANSYS 

ANSYS is an engineering simulation software which can be used for testing the designs in 

their intended environment to predict and resolve any potential problems. ANSYS, which has 

established itself as the go to FEA program for the last 30 years [9], features static, dynamic, 

heat transfer, fluid flow and electromagnetism analyses.
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3 FINITE ELEMENT METHOD 

A numerical process used to solve various engineering problems, finite element method can be 

used to address steady, transient, linear or nonlinear stress analysis problems as well as heat 

transfer, fluid flow and electromagnetism problems [10].

FEM starts out by deconstructing a model into several elements then reconstructs it by joining 

these elements at specified points of connection called nodes that are calculated using a set of 

concurrent algebraic equations.

Figure 3.1: Structural elements and nodes [10] 

Utilizing the finite element method has benefits such as:

Being able to modify complex geometries.

The ability to work with a handful of problems in engineering such as solid mechanics, 

dynamics, heat problems, fluids and electrostatic problems.

Fixing any issues caused by structural indeterminism.

Being able to handle complex loads such as nodal, element (pressure, thermal, inertial 

forces) and time or frequency dependent loads. 
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However, the FEM suffers from some shortcomings such as outputting intrinsic errors, 

calculations ending up with approximated results and the critical effect that a user error can 

have.

Finite element software works in three steps; the first is the preprocess where the finite element

model is built which is followed by the second process which performs the numerical analysis 

and finally the postprocess which displays the results.

3.1. Meshing Process 

IN ANSYS commonly used elements shown below for structural finite element analyses:

Figure 3.2: Common element types used in ANSYS [11] 

In order to divide the CAD geometry into smaller pieces that are suitable for writing equations 

to determine the results for the next steps.

3D mesh elements consisting of extruded tringle  and hexahedron elements are used for the 

finite element analysis of this project as hexahedrons give more correct results than triangles.

 

Figure 3.3: Hexahedra and triangular prisms [12] 

The meshing process is conducted with the help of body sizing, edge sizing and refinement 

specifications. Body sizing is utilized on the entire body, but edge sizing is only used along the
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leading and trailing edges in addition to the root and tip of the wing then circles are improved 

to correct the result.

The types of the surface shell element and solid element for the inner structure are applied 

while conducting the analysis.

  
Figure 3.5: Inner structure of wing with applied mesh 

 

Figure 3.6: Closer look to the meshing 
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4 WING  

Wings are generally regarded as the most critical part of the aircraft in terms of the principles

of flight. Two wings are attached to both sides of the fuselage and serve to produce enough lift

force needed to achieve flight. Lift force is generated through dynamic effects of the air during

flight and must correspond to the aircraft’s weight. The wing is shaped according to the type

of the airfoil.

4.1. Airfoil 

Whereas the wing is three dimensional, the airfoil is two dimensional. Still, the airfoil has a

considerable effect on the lift force as the wing’s design is determined by the shape of the

airfoil.  Furthermore,  the airfoil  the has a  direct  effect  on the flight  characteristics.  Speed,

weight and purpose of the aircraft are taken into consideration when choosing the airfoil type.

A leading edge starting at the front of the wing and a trailing edge at the wing’s opposite end

during flight mark the ends of the airfoil. A straight line between the leading and trailing edge

called the chord line is drawn to function as a reference line. Another such line, namely the

mean chamber line, is drawn between the leading and trailing edges is drawn in a way that

each point on the line is equidistant to the upper and lower surfaces of the wing [13].

Figure 4.1: Airfoil def n t on [13] 

The Cessna  172 has a specific airfoil type that can be seen on the figure below as it is known 

as modified version of NACA 2412[14] airfoils:

7



Figure 4.2: Airfoil geometry of Cessna 172 air-craft

 

4.2. Classification of Wings 

The classification of wings is done according to their quantity, position and geometry.

4.2.1 Number of Wings 

One of the biggest decisions to be made during an aircraft’s design is the number of wings as 

shown below  [15]:

1. One wing (i.e. monoplane)  

2. Two wings (i.e. biplane)  

3. Three wings  

Figure 4.3: Three options in number of wings (front view) [15] 

Currently,  most  modern  aircrafts  have  a  monoplane  structure,  and  a  few  use  a  biplane

structure. However, the three-wing structure is never chosen for modern designs. Monoplane

and biplane aircrafts differ mainly in wing span as monoplane aircrafts have a wider wing

span.
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4.2.2 Vertical Placement of Wings

Another important decision that needs to be made during the aircraft’s design process is the

wing’s vertical location. The vertical location of the wing is chosen in relation to the fuselage

centerline and effects many other components of the aircraft including the landing gear, tail

etc. The wings are categorized under four types in terms of their vertical location [15]:

a. High wing 

b. Mid wing 

c. Low wing 

d. Parasol wing 

 

Figure 4.4: Options in vertical wing placement [15] 

High wing: Aircraft's using these types of wings have the wing located on the fuselage’s top

side.  This  can  be  usually  observed  in  training  aircraft  as  it  allows for  maintaining better

stability at lower speeds than the other types giving beginners a room for error during training.

Furthermore, this configuration has lower stall speed by producing more lift when compared

with the other types of configurations. [15].

Mid  wing: The  well  balanced,  large  control  surfaces  of  this  wing  type  grants  extreme

maneuverability and other certain flight characteristics to the aircraft.  This configuration is

commonly used for aerobatic aircrafts. The main difference of this wing type is that it provides

a bigger  space on the fuselage by cutting the wing in half  or placing it  so that it  crosses

through the fuselage [15].
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Low wing: Aircrafts  that  use these  types  of  wings have  them placed near  the  structure’s

airframe centerline,  which is  located under  the fuselage.  This configuration is  much more

lighter and aerobatic compared to a high wing configuration. Low wing aircrafts can maintain

stability  when turning and do not stall  at  lover speeds due to  the wing’s notable dihedral

characteristic[15].

Parasol wing: Parasol wings are located above the fuselage and produce more drag and weigh

more because of its struts being longer in comparison to a high wing configuration [15].

4.2.3 Wing Geometries 

Wing geometries are categorized under four types: 

Rectangular  wing: These wings can  be easily  controlled during flight  and require a  low

production cost. Rectangular wings’ chord length is uniform along the wing span. Aircrafts

using this wing configuration can carry tolerable loads at moderate speeds [16].

 

Figure 4.5: Rectangular wing [16] 

Elliptical wing: The chord length of these wings shorten towards the tip of the wing and this

shape produces less drag while maintaining lift force without forward momentum [16].

 

Figure 4.6: Elliptical wing [16] 

Swept wing: Swept wings are another type of wing which has its chord length shortening

through the tip of the wing and are suited best  for  high altitude flight. This configuration

demands more forward speed to provide the same lift force as a rectangular wing which in turn

allows the aircraft to achieve faster speeds during flight [16].

 

Figure 4.7: Swept wing [16] 

Delta wing: These wings are placed closer to the rear of the aircraft compared to swept wings.

They are commonly used on aircrafts with an extremely high top speed as this configuration

produces less drag on the leading edge [16].

 

Figure 4.8: Delta wing [16] 
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5 WING STRUCTURE 

A wing consists of skin, spars, ribs, stringers, fuel tank, flap and aileron which are explained 

briefly below [16]: 

 

Figure 5.1: The structure of a wing [17] 

 

Skin: This is the term used for the wing’s exterior surface composed of aluminum or 

composite materials on modern aircrafts in order to retain a lightweight structure.

 

Ribs and stringers: These are support structures that provide the wing with additional rigidity

and strength. Stringers are useful for transferring the aerodynamic loads which are acting on

the skin to the frames and formers.   

 

Spar: Spars are attached to the aircraft’s fuselage in order to transfer the structural loads which

are carried by the fuselage.
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Fuel Tank: In addition to providing storage for the aircraft’s fuel between the wings’ ribs, 

the fuel tank provides the wing with additional rigidity.

 

Flap: The flaps move to change the wing’s chamber or the curvature generating increased

lift force at lower speeds required for takeoff. Furthermore, they are used during descent to

reduce the aircraft’s speed by producing additional drag just resembling an air brake.

 

Aileron: These are hinged flight control surfaces located near the trailing edge of the wing 

that control the airframe’s roll and are used for banking the aircraft.
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6 DESIGN AND ANALYSIS 

6.1. Maximum Loading Condition 

Uniform pressure load has been applied in an upward direction to the wing’s lower surface in 

the statistic structural analysis. First, lift force is calculated in order to calculate the pressure. 

The maximum load factor of the Cessna 172 aircraft, which the design analysis is based on, is

4.4[a1] We will consider the 150% maximum take off flaps up load condition to ensure 

structure meets design loads[a1]. Therefore, the lift force is:

W=m⋅g=1157×9.806665= 11346.311405≈11346.4N

L=n⋅W=4.4×11346.4=49922.4

Design Load=L×1.5=49922.4×1.5=74883.6

As the calculation is done for whole wing, the result should be divided by 2 to find the force 

acting on only one side. Once that is done, the load is multiplied by the factor of safetey 

which is 2 in our case

F=
Design Load

2
×Factor of safety  

When values are inserted we end up with the following equation:

74883.6
2

×2=74883.6N  

Load is distributed in a linear fashion. For instance in preliminary design we have 14 ribs. 

Forceacting ononerib=
Preliminary design force

Ribamount

74883.6
14

=5348.828571428571 N  

Forceacting onone rib≈5348.83 N

6.2. Material Selection 

It is critical that a suitable material meeting all requirements is chosen during the design 

process. For the purposes of this project, Aluminum 7178 T6 is selected as it is a common 

material used when constructing aircraft components.
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Table 6.1: Material Properties of Alum num 7178 T6 [A2] 

Density 2830 kg/m^3 

Tensile Yield Strength 538 MPa 

Ultimate Tensile 

Strength 

607 MPa 

Modulus of Elasticity 71.7 GPa 

Poisson's Ratio 0.33 

Shear Modulus 27 GPa 

 

 

6.3. Preliminary Design and Analysis 

6.3.1 Design Process in SOLIDWORKS 

The coordinates obtained from the literature and imported to the SOLIDWORKS with using 

tab seperated txt file. After importing the coordinates the unit cord length is fully constrained 

and and scaled up to the original Cessna 172 root chord length which is given below:

Table 6.2: Chord length of Cessna 172 aircraft 

Chord 1.63 m 
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Holes required for assembly and to minimize structure’s weight are placed in the ribs are 

designated in a with the following parameters  The front spar’s axis is located at 0.25 times 

the chord length and the rear spar’s axis is located at 0.75 times the chord length from the 

leading edge. For additional weight reduction 5 equidistant located at 0.17 times starting from

the leading edge.
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The thicknesses of the components mentioned can be found below:

Table 6.3: Thicknesses and diamaters of design entitites 

Ribs 10 cm 

Front spar 20x14 cm 

Rear spar 10x6 cm

1st hole  diameter 14 cm

2nd hole diameter 14 cm

3rd hole diameter 12 cm

4th hole diameter 10 cm

5th hole diameter 4 cm

The ribs are readjusted as 10 cm and the inner thicknesses are distributed randomly on spars.  

Final thicknesses can be seen on the preliminary design’s drafting:

 

Figure 6.4: Drafting of Preliminary Design  (m)
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6.3.2 Static Structural Analysis Results for Preliminary Design 

When adjusting the meshing types, the element size is specified as 5 cm at start and then 

adjusted in 0.1 cm decreases until it reaches 4.1 cm, the reason behind this being that a lower 

element size returns more accurate results. The results of the element and node numbers are 

then put through Maximum Equivalent Von Mises Stress and Total Deformation calculations.

The results can be seen on the table below:

Table 6.4: Analysis result of preliminary design 

Element size

(cm)
Nodes Elements

Total

Deformation(cm)

Stress

(Mpa)
Relative Error

5 1232675 239244 44.74 473.07

4.9 1230759 238741 44.75 453.81 4.07

4.8 1232522 239157 44.75 472.84 4.19

4.7 1230660 238690 44.75 449.48 4.94

4.6 1230731 238702 44.77 453.74 0.95

4.5 1231815 239009 44.75 445.75 1.76

4.4 1234459 239466 44.82 474.58 6.47

4.3 1235096 239580 44.83 471.65 0.62

4.2 1234453 239452 44.83 500.89 6.2

4.1 1234097 239406 44.84 499.91 0.2

The stress results differ in concordance with the element size as shown on the table above 

which indicates that the element numbers are seemingly affecting the results. Relative errors 

are calculated, and it is possible to say that the stress results are nearly accurate once the 

relative error reaches below %1. To prove this however, further analysis should be conducted

using smaller element sizes. 
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When an analysis is performed using a smaller element size, 4,1 cm to be specific, Maximum 

Equivalent Von Mises Stress is found as [499.91 Mpa] and the total deformation is found as  

[44.84 cm].

Figure 6.6: Equivalent Von Mises Stress result of 4.1 cm element size 

Maximum stress value is observed near the root as seen on the figure. This is because loading

affects the root section more than any other section. Total deformation is expected to be on 

the tip section as can be noted on the figure below:
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Figure 6.7: Total deformation result of 4.1 cm element size 

Next to the fact that Von Mises stress value seems acceptable, the total deformation is less 

then the original Cessna 172 wing. That is why an iterative design approach applied in order 

to come up with the final design. 

6.4. Final Design and Analysis 

6.4.1 Design Process in SOLIDWORKS

The preliminary design is improved by decreasing the quantity of ribs and, the thickness of 

ribs, rear spar wing surface. The final measurements can be seen on the table below:
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