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Abstract— Airplanes are used to carry people from one corner 

to another corner of the world. Aeroplane is a very well 

complicated floating machine in the air, by aviation machines 

and it gives least amount of manicuring flights. When the 

airplane moves from ground to air it generates highest power 

to take off from the air terminal. During the journey what time 

the limit high is created, the aeroplane have highest twisting 

moment. It will cause exceeding stress at this point of time. 

Wings which are connected to main body of the aeroplane 

through brackets, and it will be effected by shear force and 

bending moment while moving, and it also effects the 

attachment joints. In our work bending load joints are taken 

into consideration for study. Firstly we have to look into the 

static load capacity upon attachment bracket from wing 

fuselage. Stress evaluation will be taken over by the given 

aeroplane body. FEM technique is put into force for stress 

investigation. Occasionally an aeroplane will undergo failure 

by means of static overload as long as it will be in operational 

condition. During operational life of aeroplane fatigue 

damage tolerance design, analysing etc., will have vital effect 

and fatigue, fracture mechanics analysis carry out. FEM as a 

technique is put into use for stress evaluation. In the given 

work an approach can be made to determine fatigue life on 

attachment brackets in transporting aeroplane body. The 

alloys structure body of the aeroplane will have effect by way 

of cracks which leads to fatigue cracks, will expose in the 

high stress places, these places is of exceeding stress 

concentration. Fatigue life computation is being done for 

carrying service load condition using same fatigue load for 

typical SN data for different ratio for stress and stress 

concentration. In our project we have used CATIA for 

modeling the geometry and Ansys workbench tool is taken 

for analysing the parts. 
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I. INTRODUCTION 

Lug attachment joints are the key essentials in building an 

aero plane body that are mostly put into practice for linking 

various parts of aero plane body such as airplane engine pylon 

support fittings, wing attachment landing gears which are 

some of the widely used areas where we can see attachment 

joints of different mode of arrangements which can be traced 

out. 

 Fracture for lug will have unsuccessful effect on the 

whole body. FEM technique generally provides assistance to 

designers to provide ways to protect from sudden fracture, 

and collapse of the structure. Attachment lugs is highly 

effected part in the aero plane body and its effected parts is 

very dangerous which sometimes splits the body frame from 

the wings. Therefore it is very important that lugs are the most 

important parts in the aero plane body. Now the designers 

shall find out the method by investigation to safeguard the 

lugs of the aero plane body by establishing design principles. 

II. LITERATURE SURVEY 

Abrham J Pulicikal, Damodaar Reddy [1] investigated a 

transport aircraft with mid wing configuration. Different 

loads acting on the aircraft has to be found and how it 

transfers from wing to fuselage is also required to be found. 

Rivets also have to be used to attach spar flange to the lug 

attachment. So different loads acting on the rivets also must 

be calculated due to strength and twisting action caused by 

pressure load on wing. 

 Vijay K. Goyal, Vinay K. Goyal [2] aerospace 

structures are one of the most challenging courses to teach. It 

enclosed many advanced topics while introducing some 

fundamental thin-walled structural analysis. 

 This book is written for students with a background 

in mechanical engineering, although the concepts are 

presented in a fundamental approach allowing students from 

all backgrounds to benefit from the material in this book. 

 Tarun Kumar Jain, Boopathi Raja G, Meenakshi 

Sundaram [3] stress evaluation of the wing-attachment is 

generally performed to ensure static load carrying capability. 

FEM as a numerical technique is put into action for finding 

out the highest tensile stress for one of rivet holes for the I-

section for the given plate.Fatigue cracks are generally seen 

in the places of high tensile stress. 

 Ajith V S, Mohammed Sameer, K Kavin Kumar [4] 

unmanned aerial vehicle which is generally referred as a 

airplane without pilot aboard. Wings fixation often play a 

vital role in passing the loads from wings structure to the 

fuselage(body).In this work the wings are generally designed 

using catia as a design tool and then put into analysis using 

nastran and patran software. By evaluation one can easily 

obtain deformation as well as the stresses acting on the wing 

attachment bracket in a very easy manner. Also in this 

evaluation generally the piecewise evaluation method is put 

into force and for meshing purpose tetra mesh is generally 

used. 

III. OBJECTIVES 

1) Main objective of our project is to shape wing fuselage 

attachment for a cargo aeroplane with mid wing 

specification. 

2) Static structural linear investigation for wing fuselage 

fixation for a cargo planes with mid wing    configuration. 

3) Dynamic modal evaluation for fuselage fixation for 

cargo planes, to find the initial four modes and   

corresponding natural frequency. 

4) Fatigue life estimation and fracture mechanics analysis 

for a transport plane with mid wing specification. 

IV. PROPOSED METHODOLOGY 

1) The shapes are studied and are mostly two or three 

dimensional, although many of its tools and principles 

can be applied to sets of any finite dimension. 
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2) The three dimensional model created using 3D software 

is subjected to stress conditions, strain displacements. 

3) Using analytical equations, mathematical modeling is 

developed to verify the stresses and eigenvalues. 

4) The three dimensional created using CATIA or UG is 

imported to FEA tool, ANSYS and is meshed and that 

model is called as finite elemental model. 

5) The meshed model is subjected to certain boundary 

conditions and sensitive analysis is done using Ansys. 

6) Loads are then being applied at various points for the 

meshed model for uniform distribution for the entire 

bracket. 

7) Post-processing for the entire model is being done and 

subsequent results are obtained for the entire structure. 

8) Conclusion. 

V. GEOMETRICAL CONFIGURATIONS 

 
Fig. 1: Top View for Lug Attachment Bracket 

 
Fig. 2: Front View for Lug Attachment Bracket 

 
Fig. 3: Side View for Lug Attachment Bracket 

 
Fig. 4: Isometric View for Lug Joint Bracket 

The wing fuselage lug joint bracket that is generally chosen 

for our work is shown above. Three views of wing fuselage 

lug joint bracket are shown above. Attachment bracket 

generally has a lug and a portion of spar that are attached to 

each other by means of many bolts. The lug generally possess 

two pin holes combined with a top flange and also a bottom 

flange attached to a spar. Isometric view for the lug fixation 

bracket is also shown in the Figure 4. 

VI. MATERIAL SPECIFICATIONS 

The material generally used for the bracket material is steel 

alloy, heat treated AISI-4340 whereas the material used for 

the I-section spar and rivet material is Aluminium Alloy-

2024-T351. 

Sl. 

No. 
Parameters 

Steel 

Alloy, 

AISI-4340 

Aluminium 

Alloy 2024-

T351 

1. 
Young’s 

Modulus(N/mm2) 
203000 72400 

2. Poisson’s ratio 0.32 0.33 

3. 
Ultimate tensile 

strength(N/mm2) 
1835 503.7 

4. 
Yield 

stress,σy(N/mm2) 
1600.8 472.6 

Table 1: Material Properties 

VII. LOAD CALCULATION FOR WING FUSELAGE 

ATTACHMENT BRACKET 

 Airplane type = medium size aircraft. 

 Weight of Aircarft = 7000kg = 68670 N. 

 Load factor considered = 1.5g. 

 Limit load on the structure = 45780 N. 

 Factor of safety is = 2. 

 Ultimate load = 45780×2 = 91560 N. 

 Distribution of load on fuselage and wings = 25% and 

70%. 

 Total load acting on the wings = 91560×0.70 = 64092 N. 

 Load acting on each of the wings = 64092/2 = 32046 N. 

 Number of spar in the wing = 3. 

 Load should be shared by each of the spars a) spar 1 = 

35%. b) spar 2 = 50%. c) spar 3 = 30%. 

 For present analysis spare 2 is choosen therefore, load 

acting on it is = 32046×0.50 = 16023 N. 

 Total load acting on wing fuselage attachment bracket is 

W = 91695.73N. 
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VIII. MODELING & ANALYSIS 

A load of 90,473.62 N is introduced at one end of the spar 

beam. This load will essentially create the required bending 

moment at the root. 

 The meshing was generally performed by using 2-

dimensional mesh. For this we have extracted the mid-surface 

of the part and then used Quad and Trias meshing was put 

into practice. Number of elements are about 21246 and 

number of nodes are about 67159. 

 
Fig.5: 3D Model for Wing Attachment Bracket 

 
Fig. 6: Meshing of Wing Fuselage Lug-Joint Bracket 

IX. STATIC ANALYSIS 

 
Fig. 7: Von-Mises Stress Distribution Plot 

 
Fig. 8: Maximum Principal Stress Plot 

 
Fig. 9: Minimum Principal Stress Plot 

 
Fig. 10: Total Deformation Plot 

X. MODAL ANALYSIS 

 
Fig. 11: First Mode & Natural Frequency 
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Fig. 12: Second Mode & Natural Frequency 

 
Fig. 13: Third Mode & Natural Frequency 

 
Fig. 14: Fourth Mode & Natural Frequency 

XI. FATIGUE LIFE ANALYSIS 

 
Fig. 15: Life Estimation is 1000000 Cycles 

Investigation of stress is examined at the back end of the 

fuselage and maximum tensile stress place is located in the 

structure. It is generally seen that a fatigue crack will 

propagate at the place of maximum tensile stress. By 

evaluation it is seen that such a location is usually situated at 

one of the rivet holes. A typical weight is taken into 

consideration for fatigue life analysis at the skin joint at 

vertical tail joint. For this purpose damage tolerance criteria 

is implemented as well as stress life approach is put into 

practice for performing fatigue analysis. For this analysis 

constant amplitude fatigue load is taken into consideration. 

 But however for this case variable amplitude fatigue 

loads which are acting on the structure will be converted into 

groups of constant amplitude fatigue loading of their 

corresponding frequency. Suppose if the load is of constant 

amplitude, then it denotes the range of cycles for failure until 

the structures will undergo fracture by means of fatigue. 

Computation for fatigue life for crack propagation is 

generally performed by means of Goodman diagram. In 

addition to this different correction factors are put into 

practice for the calculation of fatigue life cycles. 

XII. FRACTURE MECHANICS ANALYSIS 

Ansys as a tool which has the capability for the investigation 

for stress division and also for examining the stress intensity 

factors (SIF’s) at the crack tips. The figure 16 which is 

generally shown below is the part region taken into 

consideration for fracture mechanics investigation. The place 

where the crack is located is also seen in the figure 16 which 

also shows the equivalent von-misses stress at the corners of 

the crack tips. From the diagram one can also infer the mode 

of fracture and also have a view for the plastic region. This 

plastic region is called as the crack-tip plastic zone. All of 

these information are generally required for the selection of 

fracture criteria and also for the estimation of fracture 

pressure and also for crack propagation direction. Ansys as 

an analysing tool provides as means of assistance to the 

designer for post processing to calculate mixed mode SIF’s 

(K1, K2, K3).For our project work the SIF’s are shown to 

have an equivalent stress of 1717 MPa. This data is very much 

necessary for calculation of the residual strength at the 

cracked condition for the structure. 

 
Fig. 16: The Maximum Equivalent Stress 

XIII. CONCLUSION 

To conclude with the project work, damage tolerance 

approach criteria was generally put into practice for 

decreasing the weight of the airplane body. In damage 

tolerance criteria wherein a crack propagates with respect to 
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time. Stress investigation for the wing-fuselage attachment 

bracket is generally performed and highest tensile stress is 

generally situated at one of the rivet holes. 

 FEM is put into force for the stress evaluation at the 

wing-fuselage fixation bracket. Large number of trials are 

performed to get a mesh independent value for stress. It is 

generally seen that fatigue crack propagation usually occurs 

at the maximum tensile stress in the airplane body. It is seen 

that the design is found to be safe now. 
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