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Abstract— In modern era flying in air is always an exciting 

experience. But without safety nobody would like to fly. 

Aircraft is used for civil transportation through air media. It 

is a challenge in front of the aircraft structural designer to 

bring out a safest structure with minimum weight. In order to 

manufacture a good product, an Analysis stage is required 

after design and before fabrication.  This analysis stage 

models the product or its component and tests for the possible 

failure conditions by applying the real world constraints on to 

the model.  Hence after interpreting the results from the 

analysis, suitable changes in the design can be made so that 

the final product performs as intended. Here an Airplane wing 

is being analyzed for the identification of possible failure 

situations.  An effort has also been made to give suggestions 

regarding the change in material of the wing for further 

improvements.  This will be helpful to show the better results 

of the analysis, where the stress distribution can be 

understood and the maximum and minimum stress acting on 

the material can be estimated. 
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I. INTRODUCTION 

An airplane is a powered, fixed-wing aircraft that is propelled 

forward by thrust from a jet engine or propeller. A complete 

airplane structure is manufactured from many parts. These 

parts are made from sheets, extruded sections, forgings, 

castings, lubes, or machined shapes, which must be joined 

together to form subassemblies. The subassemblies must then 

be joined together to form larger assemblies and then finally 

assembled into a completed airplane. Many parts of the 

completed airplane must be arranged so that they can be 

disassembled for shipping, inspection, repair, or replacement, 

and are usually joined by bolts or rivets in order to facilitate 

the assembly and disassembly of the airplane. Each 

component has one or more specific functions and must be 

designed to ensure that it can carry out these functions safely. 

Any small failure of any of these components may lead to a 

catastrophic disaster causing huge destruction of lives and 

property. Durability is an important factor, if a part fails, it 

doesn’t necessarily result in failure of the whole aircraft. It is 

still possible for the aircraft to glide over to a safe landing 

place only if the aerodynamic shape is retained-structural 

integrity is achieved. The load-bearing members of these 

main sections, those subjected to major forces, are called the 

airframe. 

A. Literature Review 

Ghasan M. Atmeh, Zeaid H[1], Jordan University of Science 

and Technology, College Station, Texas worked on the wing. 

The conceptual design is commenced by defining a set of 

design goals based on gathered data for several airplanes of 

the same category. The goals are as follows: Single engine 

airplane with a maximum velocity greater than 250 ft/s, stall 

velocity greater than 60 ft/s, takeoff ground roll less than 

1000ft, landing distance less than 1400 ft, range of 550 nm, 

service ceiling of 13000 ft and a maximum rate of climb of 

1200 ft/min. 

Finally they concluded that designing an airplane 

requires time and effort and like any other designing process 

it usually starts with general layout followed by detailed 

analysis of each component. This study starts by introducing 

a conceptual design of a general aviation airplane, then 

transcends to designing the wing. The wing is the part that 

provides an essential asset for heavier than air flight, the lift. 

Sadly this lift is not free; the price of drag is a cumbersome 

one that accompanies lift. These two main forces in flight and 

the pitching moment affect an aircraft wing during its life-

time; therefore it must be designed accordingly. The 

conceptual design provides a general shape of the wing. The 

paper then moves on to a more comprehensive design 

describing the parts of the wing and the characteristics they 

require to perform under the calculated loads that the wing is 

designed to undergo. 

J. C. Newman, Jr.[2], in this paper the author 

explains some of the advances that have been made in stress 

analyses of cracked aircraft components, in the understanding 

of the fatigue and fatigue-crack growth process, and in the 

prediction of residual strength of complex aircraft structures 

with widespread fatigue damage. Finite-element analyses of 

cracked structures are now used to determine accurate stress-

intensity factors for cracks at structural details. Observations 

of small-crack behavior at open and rivet-loaded holes and 

the development of small-crack theory has lead to the 

prediction of stress-life behavior for components with stress 

concentrations under aircraft spectrum loading. Fatigue-crack 

growth under simulated aircraft spectra can now be predicted 

with the crack closure concept. Residual strength of cracked 

panels with severe out of plane deformations (buckling) in the 

presence of stiffeners and multiple-site damage can be 

predicted with advanced elastic-plastic Finite element 

analysis and the critical crack-tip-opening angle (CTOA) 

fracture criterion. These advances are helping to assure 

continued safety of aircraft structures. 

B. Working Principle of Wing during Turning 

To turn, an aircraft will perform what is called a bank or 

banking maneuver. It's done by pushing the stick left or right, 

a natural move. The ailerons, which are what are called 

control surfaces, are on the back (trailing edge) of each wing. 

By pushing the stick to, say, the left, the left aileron will tip 

up, and the right aileron will tip down. The left wing will be 

pushed down, and the right wing will be pushed up. This will 

cause the craft to "tip" to the left and start to turn. 
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Fig. 1: Forces acting on Ailerons 

 
Fig. 2: Forces acting on ailerons causes turning action. 

The Flaps are hinged surfaces mounted on the 

trailing edges of the wings of a fixed wing aircraft to reduce 

the speed at which an aircraft can be safely flown and to 

increase the angle of descent for landing. During takeoff and 

landing, the flaps on the back of the wing extend downward 

from the trailing edge of the wings. This effectively alters the 

shape of the wing, allowing it to divert more air, and thus 

create more lift. The alteration also increases drag, which 

helps a landing airplane slow down but necessitates more 

thrust during takeoff, ia also called as Pitch Axis Rotation. 

 
Fig. 3: Forces acting on Flaps. 

As the thrust is increased in the engine, airplane 

moves with greater speed. This increases the airspeed which 

is acting on the flaps of airplane, resulting increased lift and 

drag forces causing airplane to takeoff. 

II. RESEARCH METHODOLOGY 

The main objective of the project is to analyze the stresses 

induced in the leading edge of the airplane wing. The leading 

edge of the wing experiences more stress compared upper and 

lower skin parts. As there is more force acting on the leading 

edge of the wing, the stress distribution is calculated. 

In this, the CAD modeling of the wing is carried out 

using Solid works tool. Stress analysis of the wing is using 

COSMOS tools are carried out for the load case of UDL at 

the leading edge of the wing. Analysis of the wing is carried 

out to simply the analysis and to verify the maximum stress 

location of the wing. After knowing that the induced stress in 

the wing is much lower than the ultimate stress, the 

optimization is done by changing the material. Again the 

analysis is carried out to show the stresses induced are within 

the safe limit. 

 Detailed drawing as per the specification of the wing. 

 Modeling of the Airplane Wing. 

 Structural Analysis of the Wing using COSMOS bench. 

 Interpretations, suggestion & optimization. 

 

 
Fig. 4: A Model of Airplane Wing with Leading edge. 

A. Analysis of an Airplane Wing 

Initially the material used in the analysis of the wing is 

Aluminum 7079 Alloy. The composition of Al 7079 is listed 

in the table1, which are obtained from the American Society 

for Metals (ASM). 

Aluminum is a lightweight structural material that 

can be strengthened through alloying and depending upon 

composition, further strengthened by heat treatment and cold 

working. Age-hardening heat treatment enhances the 

characteristics of Aluminum 7079, a high-strength alloy that 

eliminates variations in characteristics seen in Aluminum 

7075. Aluminum 7079 has proven to be ideally suited for 

highly stressed parts and serves the aircraft industry. 

B. Workability of Aluminum 7079 

 The alloy may be forged in the temperature range of 900 

F to 700 F. It should be solution heat treated following 

forging. 

 This alloy is comparatively strong for an aluminum 

alloy. As such it produces greater spring back during 

forming operations. Forming is best done in the annealed 

condition and if difficulty is encountered then warming 

the material to 200 - 250 F will assist formability. 

 Form in “as-quenched” condition for best results 

C. Heat Treatment of Aluminum 7079 

 Solution treatment done at 7750F 

 Aging is (Precipitation strengthening) done at 2500F for 

24 hours and air cooled. 

 Annealing treatment done at 7750F - Annealing provides 

superior formability and obvious reduction in 

workability following solution heat treatment. 

 Quenching 

Material Weight in percentage 

Aluminum 90.7-94.7 

Copper 0.4 - 0.8 

Chromium 0.1 – 0.25 

https://en.wikipedia.org/wiki/Wing
https://en.wikipedia.org/wiki/Fixed-wing_aircraft
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Ferrous Max 0.4 

Magnesium 2.9 – 3.7 

Manganese 0.1 – 0.3 

Titanium Max 0.10 

Zinc 3.8 - 4.8 

Silicon Max 0.30 

Additional impurities 0.5 individual max;  

0.15 total max 

Table 1: Chemical Composition of Aluminum 7079. 

Properties Values 

Density 2700 Kg/m3 

Elastic Modulus 72 GPa 

Poisson’s Ratio 0.33 

Ultimate Tensile Strength 572 MPa 

Tensile yield strength 503 MPa 

Fatigue Strength 159 MPa 

Shear Strength 331 MPa 

Melting point 890 - 11750F 

Table 2: Mechanical Properties of Aluminum 7079. 

 
Fig. 5: A Model of frame structure of wing with no skin. 

The Boundary Conditions is applied to airplane 

wing with one end is fixed at to the fuselage part. Hence, 

constrain is applied in all directions fig 5. When the airplane 

is subjected to motion the pressure load induced on the 

leading edge of the wing is more compared to top and bottom 

portion of the wing. Hence the UDL load of 50N/m2 is applied 

on the leading edge of the wing in fig6. 

 
Fig. 6: Boundary conditions applied to wing. 

 
Fig. 7: Load applied on the leading edge of the wing. 

 
Fig. 8: Stress distribution in the leading edge of the wing. 

 
Fig. 9: Stress distribution in wing structure without skin. 

The wing consists of continuously reducing cross 

section and hence, an attempt made to change in any 

dimension or thickness of any part will affect the whole 

assembly. Hence material optimization is carried out using a 

suitable material called Glass Fibre Reinforced Plastic 

(GFRP) composite, which yield comparatively better results 

without affecting the design. The material selection is done in 

such a way that the stresses induced are within the safer limit. 

Properties Value 

Density 1800 Kg/m3 

Young’s Modulus 26GPa 

Poisson’s ratio 0.28 

Ultimate Tensile strength 530MPa 

Shear Modulus 10GPa 

Yield Stress 125MPa 

Table 3: Mechanical Properties of GFRP Composite. 

 
Fig. 10: Stress distribution in leading edge of optimized 

wing. 

 
Fig. 11: Stress distribution in optimized wing structure. 

Sl. 

No 
Parameters 

Before 

optimization 

(Aluminum) 

After 

optimization 

(GFRP) 

1 

Max stress 

induced in leading 

edge of the wing 

296.0 MPa 277.6 MPa 

2 

Max stress 

induced in the 

structure of the 

wing 

544.7 MPa 560.7 MPa 

3 Max deformation 0.003855m 0.01138m 
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4 
Ultimate Tensile 

Strength 
570 MPa 530 MPa 

5 Density 2700 Kg/m3 1800 Kg/m3 

Table 4: Comparison of results with optimized results. 

III. CONCLUSION 

The project work carried out successfully and the stresses are 

analyzed to meet the requirements as per the constraints and 

the standards. The leading edge of the Wing is carefully 

analyzed and cross checked to see where it meets the 

requirements. After getting the induced stresses within the 

specified limit, optimization is done. This study is based 

mainly on the material optimization because of the 

complications in the design. 

The Maximum stress induced in the leading edge of 

the wing after optimization is 296 MPa which is more 

compared to stress induced before optimization 277.6 MPa, 

but within the specified limit with a factor of safety 1.7, which 

is approximately equal to 1.5, the standard considered.  

The reduction in the density of the optimized 

material (GFRP Composite) results in reduction in the overall 

weight of the wing by 33.33%. But it is not widely used 

because of the higher material cost incurred with composite 

materials. 
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