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Abstract 
 

Aircraft structure is the most obvious example where structural efficiency results in light weight and high 

operating stresses. Airframe experiences variable loading in service. It is quite unlikely that the structure will fail due to 

a static overload. Aerodynamic load distribution on the airframe will make the fuselage structure to bend about wing 

axis. Bending of the fuselage structure introduces both tension and compression stress field in the structure. Linear 

static stress analysis is carried out for identification of the fatigue critical locations. The project includes the fatigue life 

estimation for the fuselage structure due to fluctuating loads on the fuselage. Stress analysis of the segment of the 

fuselage will be carried out by using finite element method. Local analysis will be carried out to capture the stress 

concentration factor and stress distribution near the high stress location. Miner’s rule will be used for fatigue damage 

calculation with the help of the S-N diagram of the respective material used in the structure. 

Keywords: fuselage, aircraft, static load.  
 

1. INTRODUCTION 

 The performance of the aircraft depends on the life span of the different components. There are 

number of cycles each and every component undergoes damage. Usually different composite materials are 

used for building a light weight, stiff and resistive structure. The weight of structure also plays an important 

role in performance and life span of the aircraft. The major problem is to balance both structural material 

and weight which in turn increases the lifespan and performance of an aircraft.  

1.1 Introduction to Aircraft Structure 

 Although airplanes are designed for a collection of purposes mainly of they have the identical 

components. The generally description are resolute by new design idea,. Most airplane structures are 

explained below. 
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Fig.1.1 Aircraft components 

 

Major Components 

Fuselage 

The fuselage consist of the cabin and cockpit, which contains seats for the occupant and the 

control for the airplane. In addition fuselage also offer room for cargo and connection points for the other 

main airplane components. It builds of steel or aluminium tubing. Strength and rigidity and it is achieved 

by welding the tubing togetherinto a series of triangular shapes called trusses. 

Wings 

The wing are airfoils attach to each face of fuselage, and the major plagiarism surface that sustain 

airplane in flight. There are many wing designs and sizes and shapes used by the a variety of 

manufacturers.  

The Forces of Aeronautics: A force is defined mainly just push or a drag. There are two apparatus to a 

force: magnitude (or the amount of force applied) and direction.  

• Four Forces: There are four main forces they  perform on an airplane in flight: thrust weight, drag 

and lift. It is the interchange between four forces that outcome in an airplane's action. 

 

Fig. 1.2 Aircraft forces 

• Weight: All objects in the universe make use of salient force on each other is called gravity. The 

magnitude of this force is  relative on the bunch of the object. In our daily lives this striking force 

is identifiable only for objects with enormous mass and such as the Earth.  

• Lift: In command for an airplane to take off force must be produce that is stronger than the mass 

force, That force is called lift. The lift force is generate by air stream over an object. The path of 

the lift force will everlastingly be perpendicular to the direction that the air is graceful.   
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• Thrust: When an airplane is on the ground in take a break, there is not an adequate amount of air 

flowing regarding it to create lift. Another force is obligatory to obtain the airplane moving 

through the air, so that the airflow can do its job of form lift. This force is called thrust. Thrust 

propels an object in a fastidious direction.  

• Drag: The fourth most important force is tow and the tow force does a vast job of living to its 

name. Drag is the force and that resist any object bothersome to move all the way all the way 

through a fluid. The drag on an airplane is the outcome of, and amongst other things and the 

energy essential to move the air out of the way of the airplane. rumour has it that drag is hard at 

work when a vast object and like an airplane, try to fly all the way through a fluid like air.  

 

PROBLEM   STATEMENT 

Airframe experiences variable loading in service. It is quite unlikely that the structure will fail due 

to a static overload. Weight of the aircraft and its pay load distribution on the airframe will make the 

fuselage structure to bend about wing axis. Bending of the fuselage structure introduces both tension and 

compression stress field in the structure. Top portion of the fuselage is in tension and bottom portion is in 

compression. 

 

2. Related Work 

Pir M. Toor [1] He focused attention of designing a fail-safe fuselage structure. He observed that, two types 

of damage most frequently associated which are longitudinal cracks introduced under hoop stress under 

cabin pressurization and circumferential cracks under stresses under the vertical bending of fuselage. He 

has used different analytical and empirical approaches to study the damage tolerance capability of fuselage 

structure. 

 Min Liao et.al[2]. In this work the methodologies developed to predict fatigue life distribution of fuselage 

splices, which is calculated at the number of cycles to visible cracks. The analytical expression developed 

for local stress as a function of squeezing force and coefficient of friction. He observed that the predicted 

fatigue life distribution very well with the existing text  

data.V. N. Maksinenko et.al [3]. In this paper, the work has done by boundary integral equation method. 

This method consists of construction of general solution of the problem as the sum of complex anisotropic 

plate with elliptic hole. The stress intensity factor calculated by, numerically at the crack tip in the stiffened 

panel. 

Walterschutz et.al [4] In this paper Author observed that the accuracy of the fatigue life predication should 

be possible using modern methods and modern data. This fatigue life compared to hitherto existing method. 
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Jon T. Wang et.al [5] In this paper, he estimated the progressive failure analysis capability in NASA 

Langley’s COMET-AR finite element analysis code on large scale built-up composite structure. He has 

taken a five stringer composite panel. The damage tolerance analysis has done from initial loading to the 

catastrophic failure.   

 

3. Methodology 

The finite element method is a numerical technique for solving engineering problems. 

� The following steps involved in Finite Element Analysis: 

• Pre-processing 

o Geometric modeling 

o Mesh generation 

o Load and boundary condition 

o Material creation 

o Define property 

• Processing 

o Analysis 

o Solving 

• Post-processing 

o Results 

� Fatigue life estimation by using S-N diagram and miner’s rule. 

Finite Element Method 

The finite element method (FEM) is a numerical technique for solving problems which are 

described by partial differential equations or can be formulated as functional minimization and  domain of 

interest is represent as an assemblage of finite elements.  

 

Introduction ToMsc/Patran 

A finite element pre and post processors (such as MSC/PATRAN) is a graphic based software 

package mainly designed to aid in the growth of Finite Element Model (Pre-processing) and to aid the 

display and description of analysis results (Post processing). MSC/ PATRAN software is a mechanical 

computer aided engineering tool formed for design engineers. 

• Components Of Msc/Patran 

Pre-Processor 

Solver/processor 

Processing 

Basic steps in MSC/PATRAN 
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The CQUAD4 is the mainly generally used element for modelling plates, shells, and membr

the CQUAD4 can represent in-plane bending and transverse shear actions. 

 

Introduction ToMsc/Nastran 

The finite element method [FEM] has a seminal impact on the field of analysis and design. This 

technique has allowed thing solution of a new class

possible in the past.The acceptance of FEM in the industry however did not enjoy wide popularity until the 

taking of general purpose programs finite element programs. R.J.Melosh developed the first 

general purpose finite element program SAMIS (Structural Analysis and Matrix Interpretive System) in 

1996 

Geometric modeling: 

 

Material Specification 

Selection of aircraft materials depends on any 

and structural performance. The key material properties that are pertinent to maintenance cost and 

structural performance are 

� Density  

� Young’s modulus  

� Ultimate and Yield strengths 

� Fatigue strength  

� Damage tolerance (fracture toughness and crack growth) 

� Corrosion, etc.  

 Mechanical properties of the skin, stiffening members and rivets are required for finite element 

models. Aluminium 2024-T3 is used for components fuselage and rivet. Table 1 desc

properties. 

Table 1

Ultimate Tensile Strength
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The CQUAD4 is the mainly generally used element for modelling plates, shells, and membr

plane bending and transverse shear actions.  

 

The finite element method [FEM] has a seminal impact on the field of analysis and design. This 

technique has allowed thing solution of a new classof problem that is basically difficult, costly or was not 

possible in the past.The acceptance of FEM in the industry however did not enjoy wide popularity until the 

taking of general purpose programs finite element programs. R.J.Melosh developed the first 

general purpose finite element program SAMIS (Structural Analysis and Matrix Interpretive System) in 

       
Fig.1.3 fuselage model 

Selection of aircraft materials depends on any considerations, which can in general be categorized as cost 

and structural performance. The key material properties that are pertinent to maintenance cost and 

Ultimate and Yield strengths  

Damage tolerance (fracture toughness and crack growth)  

Mechanical properties of the skin, stiffening members and rivets are required for finite element 

T3 is used for components fuselage and rivet. Table 1 desc

 

Table 1.1 Material properties used for the analysis 

Property 
 

Aluminium 2024-T3 
 

Density 
 

2.77 Kg/cm3 
 

Ultimate Tensile Strength 483 MPa 
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The CQUAD4 is the mainly generally used element for modelling plates, shells, and membranes and 

The finite element method [FEM] has a seminal impact on the field of analysis and design. This 

of problem that is basically difficult, costly or was not 

possible in the past.The acceptance of FEM in the industry however did not enjoy wide popularity until the 

taking of general purpose programs finite element programs. R.J.Melosh developed the first noteworthy 

general purpose finite element program SAMIS (Structural Analysis and Matrix Interpretive System) in 

 

considerations, which can in general be categorized as cost 

and structural performance. The key material properties that are pertinent to maintenance cost and 

Mechanical properties of the skin, stiffening members and rivets are required for finite element 

T3 is used for components fuselage and rivet. Table 1 describes few material 
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4. Linear Static Stress Analysis 

Geometric Modelling 

Fuselage is a part of aircraft structure having cylindrical shape. Basically the fuselage structure 

consists of circumferential member called bulkheads to maintain circumferential shape and it is taking hoop 

stress which is created due to internal pressurisation.  

Finite Element Model Of The Fuselage 

The fuselage and its parts are meshed by one dimensional and two dimensional. Skin of the 

fuselage structure is meshed by shell elements (2 D elements) with unit aspect ratio. A bulkhead 

&longerons  of the fuselage is meshed by one dimensional & two dimensional elements. Fine mesh is 

carried at stress concentration of frame to get accurate results.  

Loads AndBoundray Condition 

In this structural analysis, the inertia load is considered. It is acting in compression nature, because due to 

centre of gravity the total weight of structure is concentrated in downward direction. The inertia load has 

calculated from actual weight of the body but we have considered 3G load case.  

 Local Analysis Of Stiffened Panel 

• Finite Element Model 

The stiffened panel has taken from the fuselage structure where the maximum stress in the 

fuselage structure occurred from the global analysis. The stiffened panel taken from between two bulkheads 

and  centre of two longenors. The longenors are connected to the skin of the fuselage with rivets.  

• Stresses And Deformation :Numerical Rsults  - The maximum stress developed near the rivet 

holes of both skin and longenore and nominal stress all over the stiffened panel. The stress near 

the hole is three times of nominal stress.  

  

Tensile Yield Strength 
 

362 MPa 
 

Young’s Modulus 
 

70GPa 
 

Poisson’s Ratio 
 

0.33 
 

Fracture Toughness 
 

72.37 MPa√m 
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Fig.1.4  Stress distribution   Fig.1.5 close-up view Stress  

      in stiffened panel    distribution in stiffened panel 

Table1.2 values of damage accumulated 

Serial 
No. 

Different 
G 

Condition 

Alternative 
Stress 
(ksi) 

 
Ratio 

R 

No.cycle 
Induced 

Ni 

No.cycles 
to 

failure 
Nf 

Damage 
accumulate

d 
Di 

 
1 

0.5G 
to  0.75G 

 
0.85 

 

 
0.666 

 
15000 

 
10

� 
 

0.0012 

 
2 

0.75G 
To 
1G 

 
0.8335 

 
0.75 

 
11000 

 
10

� 
 

0.0011 

 
3 

1G 
To 

1.25G 

 
0.8333 

 

 
0.8 

 
10000 

 
10

� 
 

0.001 

 
4 

1.25G 
To 

1.5G 

 
0.8335 

 
0.833 

 
8000 

 
10

� 
 

0.0006 

 
5 

0 
To 

1.75G 

 
5.8335 

 
0 

 
20 

 
10

� 
 

0.000005 

 
6 

0 
To 
2G 

 
6.667 

 
0 

 
1 

 
10

� 
 

0.0000001 

 
7 

-0.5G 
To 

1.5G 

 
6.665 

 
-0.33 

 
100 

 
10

� 
 

0.00001 

 

The total damage accumulated is Di= 0.0044< 1 which is less than unity, therefore the 

crack not initiate. 

 



IJRIT International Journal Of Research In Information Technology, Volume 3, Issue 8, August 2015, Pg. 11-18 
 

Avinash Ainapur, IJRIT 

5. Conclusion And Future Work 

Linear static Stress analysis of the Fuselage structure was carried out and maximum stress was 

identified on the skin. Around the maximum stress location, we have taken one cut-out of the fuselage 

called stiffened panel. Local analysis of the stiffened panel was carried out by applying average tensile load 

on skin and maximum tensile load on longenore. The maximum stress found around rivet holes of both skin 

and longenore is 20kg/mm2. 

Fatigue life estimated of the fuselage structure considering the maximum stress of the stiffened 

panel with the help of S-N curve and Miner’s rule. The damage accumulated of the Fuselage structure is 

0.0044 from this it is observed that, the remaining life of the  structure is 0.9966. The fuselage structure lost 

44121 fatigue cycle and remaining life is 9993406cycles. 
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