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Abstract— In this thesis, The project details the study of the
general aviation of the airplane wing is Design & Analysis.
Which design process starts with asketch how the aircraft
plane is can be visualized. & the estimation based by the
weights on the material properties & sketechs are been
concluded by with it these can acquires the external
geometries of the airplane. The which in these knows the
different types of the materials are been used with design of
an aircraft wing which analysis as been made by with it, the
some of the metallic materials & non-metallic materials
properties of the materials were be studied under the aircraft
wings. The 3-d layout of the aircraft wing is been studied. In
order to solve the problems we are designed a stiffened panel
section & by the changing of the materials, the aircraft skin
can withstand the a deformations of an structural weights has
been always been important in the aircraft manufacturing
industry, by using CATIA & Meshing in Hyper mesh &
analysis is be done by ANSYS. Of the software are been
considered with stiffened panel by it. Aluminium is the
common element which is used in the design of an aircraft,
but carbon fiber-is-recently being used in the airctaft.
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I. INTRODUCTION

An wing is also known as kind of blade, it is the type of fin
i.e produces carry, at the same time as shifting via air / by
some other fluid. As such, these wings are streamlined move
—section which are concern with the aerodynamic-forces &
which acts as airfoil. The aerodynamic performances of the
wings can be expressed as to its carry-to-drag ratio. The carry
wing can generate at an given velocity & perpective of the
assult. may be 1 - 2 orders of the value more than the whole
drag at the a wing. A excessive carry-to-drag ratio calls for an
extensively smaller thrust to the propel of an wings via the air
at enough to carry.

Lifting systems utilized in the water, consists of
numerous foils, along with the hydrofoils. Hydrodynamics is
the a governing technological know-how, in preferences to
aerodynamics. Applications of the underwater foils arise in
submarines, sailboats & hydroplanes.

1. OBJECTIVES AND METHODOLOGY

A. Major Objectives:

—  The primary objective of the current work is to optimize
the weight, strength and natural frequencies of the
Aircraft Wing with different materials better
performance

—  Conduction of linear static and modal analysis of the car
bumper to optimize the design

—  Determination of Maximum Stresses, Deformations and
Natural Frequencies of the Aircraft Wing with existing
material and different composite materials for better
design

— Determination of the natural frequencies of the with
different materials to estimate the vibrational behavior of
Aircraft Wing
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Impert 1o ANSYS
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B. Methodology of the project:

1) Review the design of Aircraft Wing

2) Generating the model of Aircraft Wing in Solidworks

3) Import the geometry into ANSYS Workbench.

4) Mesh the model and preparation of boundary conditions.

5) Estimate the Stresses, Deformations and Natural
Frequencies of the Base line Design using FE Approach.

6) Compare the results with literature.

7) Validate ANSYS results with Theoretical Results.

8) Design modifications to increasing the efficiency

I1l. RESULTS AND DISCUSSIONS

In this project static-structural & the modal analysis of an
Aircraft Wing has been conducted for different materials with
respect to components as follows:

1) Aluminium Alloy

2) Aluminium Silicon Carbide

3) Aluminium Lithium Alloy 8090

4)  Aluminium Boron Carbide
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3d model of the wing

Static Structural Boundary Conditions and loading

conditions
Young’s ) s J
Properties Modulus Poézst?g S gfn/?:%
(GPa) g
Aluminiun] 73 0.3 2700
Alloy
Aluminium
Silicon Carbide 68.3 0.34 2100
Aluminium
Lithium Alloy 77 0.34 2550
8090
Aluminium 200 0.3 2950
Boron Carbide '

Table 1: Material Properties
Linear static and Modal Analysis of Aircraft Wing
with different materials shown below has been conducted. In
the table shows the material properties.

A. Results of Von Mises Stress and Deformation of Aircraft
Wing with Aluminium Alloy:

— The Von-Mises Stress plot of aircraft wing with
Aluminium Alloy

— Maximum stress of 106.5MPa has got at the time of static
load

—  The maximum stress is within a allowable stress, hence
so the design is to be safe

—  Maximum deformation of 4.137 mm has achieved at the
static load

— Maximum Strain Energy Stored in the a body due to
deformation is of 2.6 mJ

1) Results Modal Analysis of Aircraft Wing with Aluminium
Alloy
For Modal Analysis of Aircraft wing no loads are to be
applied, only fixed support should be applied to find the
natural frequency. The operating frequency has been taken as
60 Hz.

Below by following Table shows the values of an
Natural Frequencies of an car bumper with an Aluminium
Alloy

Model (B4) > Modal (BS) > Solution (B6)
Mode | Frequency [Hz]
1 117.25
2. 566.8
3 721.67
4. 1156.9
5 1965.6
6. 3126.4

Table 2: Natural Frequency

B. Results of the Von Mises Stress and Deformation of
Aircraft Wing with Aluminium Silicon Carbide:

— The Von-Mises Stress plot of aircraft wing with
Aluminium Silicon Carbide

— Maximum stress of 106.7MPa has got at the time of static
load The maximum stress is within a allowable stress,
hence so the design is to be safe

— Maximum deformation of 4.29 mm has achieved at the
static load

— Maximum Strain Energy Stored in the a body due to
deformation is 2.69 mJ

1) Results Modal Analysis of Aircraft Wing with Aluminium

Silicon Carbide

For Modal Analysis of Aircraft wing no loads are to be

applied, only fixed support should be applied to find the

natural frequency. The operating frequency has been taken as

60 Hz.

Below by this following Table shows the valyes of
an Natural Frequencies of the aircraft wing with an
considering Aluminium Silicon Carbide
Model (B4) > Modal (B5) > Solution (B6)

Mode | Frequency [Hz]
11656
563.18
717.21
1145 4
1952 8
3104 1

AR I I P

Table 3: Natural Frequencies
Above Dby following results show a natural
frequencies of an aircraft wing with an Aluminium Silicon
Carbide and it can be cleared that natural frequencies
developed are not coinciding with the operating frequency
and hence no resonance occurs.
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C. Results of Von Mises Stress and Deformation of Aircraft
Wing with Aluminium Lithium Alloy:

— The Von-Mises Stress plot of aircraft wing with
Aluminium Lithium Alloy Maximum stress of 106.7
MPa has got at the time of static load

—  The maximum stress is within a allowable stress, hence
so the design is to be safe

— Maximum deformation of 3.81mm has achieved at the
static load

—  Above fig 8 shows a strain energy plot

— Maximum Strain Energy which Stored in the a body due
to the deformation is 2.38 Mj

1) Results Modal Analysis of Aircraft Wing with Aluminium

Lithium Alloy

For Modal Analysis of Aircraft wing no loads are to be

applied, only fixed support should be applied to find the

natural frequency. The operating frequency has been taken as

60 Hz.

Below by following Table shows the values of

Natural Frequencies of an aircraft wing with the Aluminium

Lithium Alloy

Model (B4) > Modal (B5) > Solution (EE)

Mode | Frequency [HZ]

127 35

615.31

7836

1251 5

21335

3391 5

L Bl Bl Rl el P

Table 4: Natural Frequencies
Above the following results show a natural
frequencies of an aircraft wing with an Aluminium Lithium
Alloyand it can be cleared that natural frequencies developed
are not coinciding with the operating frequency and hence no
resonance occurs.

D. Results of Von Mises Stress and Deformation of Aircraft
Wing with Aluminium Boron Carbide:

— Below fig shows the Von-Mises Stress plot of aircraft
wing with Aluminium Boron Carbide

—  Maximum stress of 105.9MPa has got at the time of static
load & The maximum stress is within a allowable stress,
hence so the design is to be safe

1) Von-Mises Stress Plot of the Aluminium Boron Carbide

Von-Mises Stress Plot

2) Deformation Plot of Aluminium Silicon Carbide

Deformation Plot

Above fig shows the maximum deformation plot
Maximum deformation of 1.47 mm has achieved at the
static load

3) Strain Energy Plot of Structural Aluminium Alloy

Strain Energy Plot
— Above fig show the strain energy plot
— Maximum Strain Energy Stored in a body due to
deformation is 0.94 mJ

E. Results Modal Analysis of Aircraft Wing with Aluminium
Boron Carbide

For Modal Analysis of Aircraft wing no loads are to be
applied, only fixed support should be applied to find the
natural frequency. The operating frequency has been taken as
60 Hz.

Mode Shape 1.
Following figure shows the 5 Mode Shapes of the
aircraft wing with Aluminium Boron Carbide

Mode Shape 2.
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Model (B4) = Modal (B5) = Solution (BE)
Mode [ Frequency [Hz]

1. 19034
2. 921.4

3. 1172.5
4. 1901.3
5 3197.

6. 50931

Table 5: Natural Frequencies
Below with the following graph shows the a Natural
Frequencies of an aircraft wing with an Aluminium Boron
Carbide

sl [T = Boada) 0] = Solution {iE)

w830

Above results shows a natural frequencies of the
aircraft wing with an Aluminium Boron Carbide and it can be
cleared that natural frequencies developed are not coinciding

Mode Shape-5. with the operating frequency and hence no resonance occurs.

Below in the following Table shows the values of
Natural Frequencies of the aircraft wing with an Aluminium
Boron Carbide
1) Results of Static Structural Analysis of Aircraft Wing

MATERIAL VON-MISES STRESS (MPa) | MAX. DEFORMATION (mm) | STRAIN ENERGY (mJ)
Aluminium Alloy 106.5 4.13 2.60
Aluminium Silicon Carbide 106.7 4.29 2.69
Aluminium Lithium Alloy 106.7 3.81 2.38
Aluminium Boron Carbide 105.9 1.47 0.94

Table 6: Results of the Static Structural Analysis
2) Results of the Static Structural Analysis of Car Bumper

MODES Aluminium Alloy AIumg];lrJtr)ri\dilllcon Aluminium Lithium Alloy | Aluminium Boron Carbide
Natural Maximum Natural Maximum Natural Maximum Natural Maximum
Frequency | Deformation | Frequency | Deformation | Frequency | Deformation | Frequency | Deformation
(Hz) (mm) (H2) (mm) (H2) (mm) (H2) (mm)
1 117 122 116 123 127 127 190 118
2 566 121.8 563 123 615 126 921 118
3 721 127.1 717 128 783 132 1172 122
4 1156 254 1145 258 1251 265 1901 246
5 1965 141 1952 144 2135 148 3197 134

Table 7: Results of Modal Analysis

Above Table-6 shows the results of static structural modal analysis it can be concluded that the natural
analysis of aircraft wing with different materials. From the frequencies are away from the operating frequency ie., 60 Hz
results of static structural analysis it can be concluded thatthe =~ when compared to other materials of aircraft wing with
Maximum stress and maximum deformation is less when Aluminium Boron Carbide.
compared to other materials of aircraft wing with Aluminium
Boron Carbide.

Above Table-7 shows the results of modal analysis
of car bumper with different materials. From the results of

All rights reserved by www.ijsrd.com 201




Static Structural & Modal Analysis of Aircraft Wing with Different Proportions with Aluminium
(IJSRD/Vol. 8/Issue 11/2021/044)

IV. CONCLUSION

From the results of an static structural & the modal analysis
of an aircraft wing with by different materials the following
conclusions are be made:

1) From the static structural analysis the Von-
Mises/Maximum Stresses, Maximum Deformations and
Strain Energy Stored has been plotted

2) The Maximum stresses are almost same in the aircraft
wing with the material Aluminium Boron Carbide when
compared to other materials

3) The Maximum deformation are less in the car bumper
with the Aluminium Boron Carbidewhen compared to
other materials

4) Form the Modal analysis the Natural Frequencies has
been plotted

5) The Natural Frequencies are not coinciding with the
Operating Frequency or near to the Operating Frequency
with Aluminium Boron Carbide compared to other
materials which results no resonance in the bumper

6) With the results of both static structural and modal
analysis it can be concluded that the aircraft wing with
the Aluminium Boron Carbide is suitable and gives
better efficiency
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