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Abstract— The hydraulic, electrical, avionics and ECS 

systems are to regular monitoring and maintain is very much 

required, where the doors and covers also included in an war 

aircrafts. The covers of such aircrafts are fastener by 

TRIDAIR attachments, depends upon the load acting on such 

covers can be used to determine the number of fasteners 

required under different parameters(weather). The work deals 

with design and analysis of aircraft fuselage by using carbon 

fiber composite (CFC) under bending loads and given 

boundary conditions, CATIA V5is used as modeling tool to 

model cover and MSC PATRAN and NASTRAN is used for 

analysis. To validate the results obtained from the 

NASTRAN, the theoretical calculations are done, CFC 

covers are better withstanding capacity compared with 

metallic and the weight on cover is reduced nearly 50% as 

compared to metallic cover. 

Keywords: CFC, Finite Element Methods, and Isotropic 

Plates 

I. INTRODUCTION 

Conflict aircraft, or "fighter planes", are classified into multi-

role fighters, bombers, attackers, and electronic warfare 

support. Mutation which, includes fighter-bombers, like the 

MiG-23 ground-attack aircraft also Soviet Ilyushin Il-2 

Shturmovik. Also like the long-range maritime patrol aircraft, 

Hawker Siddeley Nimrod and S-3 Viking   equipped to attack 

with anti-ship missiles also anti-submarine weapons. 

Composite material has a long history of usage. 

There beginning is unknown, but all recorded history contains 

references to some form of composite materials. Which is a 

combination of more materials on macroscopic scale to a 

useful material? The properties of composite usually reveal 

the best grade of their constituent and usually some qualities 

are neither constituent possesses. Composite materials can be 

molded efficiently to meet the requirements like strength, 

stiffness and other specification in all assorted directions.  

 
Fig. 1: composite material parts 

Composite materials usage in the Aircraft Industry 

have overcome complications that have been encountered the 

usage of materials individually. Constituent materials retain 

their properties in composites which either dissolve or 

otherwise combine completely into each other. The materials 

can be of ‘hybrid’ material with modified structures. 

The development of high-temperature, light-weight resistant 

composite materials that allow next generation of high-

performance, economical aircraft designs to occur. Usage of 

such materials with improved efficiency and reduce the costs 

of aircraft. Composite materials can be formed into various 

forms and the fibers to be wounded tight to increase strength. 

The composites can be layered, with fiber each layers fuming 

in various directions. That allows for design models with 

distinctive properties 

Fuel utilization depends on certain parameters, 

including:  aircraft dry weight, payload weight, and grade of 

fuel, takeoff speed, climatic changes, and other things. The 

weight of an aircraft materials made by composites is reduced 

by approximately 20%, in the case of the 787 Dream liners. 

A simple calculation of overall fuel savings with 20% weight 

reduction done below for the Airbus A340-300 aircraft. 

The review of available literature on topics such as 

aerodynamics, modeling tools and analysis tools available 

that are relevant to this project. This chapter has been 

classified to various sections. The various forces on the 

airplane n flight, the axes of the airplane, modeling tool, 

UNIGRAPHICS, finite element methods and analysis 

package MSC/NASTRAN and PATRAN.  

II. METHODOLOGY 

Finite element analyses are conducted for the stress 

concentration analyses of rectangular plate. The Finite plates 

have dimensions 330 mm (x-direction), 290mm (y-direction), 

and 5 mm (z-direction) as shown in Fig.2. Exploded view of 

CFC assembly of 17 layers as shown in Fig.3. Material 

properties and load cases for CFC and Aluminum shown in 

table 1. 

To clearly observe the affect under load, 

MSC/NASTRAN, a general purpose finite element program, 

is used for the analysis. 

 
Fig. 2: Model of Finite Plate using CATIA. 
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Fig. 3: Exploded view of CFC assembly 

Material CFC Aluminum 

Young’s modulus 65 GPa 75 GPa 

Poisson’s ratio 0.235 0.3 

Density & /or  Areal 

weight 
250 g/m2 2780 Kg/m3 

Surface pressure 

distribution 

Normal to 

surface 

Normal to 

surface 

Pressure on the cover 50 Kpa pa 

Table 1: material properties and load cases 

For analysis the material is considered to isotropic 

ductile material, for some combinations of supports 

conditions and loading conditions the data is not readily 

available. Hence the free edge condition with doublers resting 

on a member is assumed to have a value, little lesser than that 

of a simply supported member without doublers with free 

edge.  

Initial buckling of an isotropic flat plate whether it 

is compression or in-plane bending or shear is described by 

the following governing equation: 

 
a- Panel dimension b - Panel dimension t - panel thickness σcr 

- Critical stress k - Buckling coefficient η - Plasticity 

correction factor. 

III. FINITE ELEMENT MODEL 

 
Fig. 4: Boundary conditions 

The Figure 4 shows the component, in which rigidly 

fixed all degrees of freedom in a rectangular manner with 

equal edge distance. The pressure acting on the cover plate or 

modeled cover is normal to the surface as shown in figure 5. 

 
Fig. 5: Pressure acting normal to the surface 

IV. RESULTS AND DISCUSSION 

 
Fig. 6: displacement due to pressure force 

 
Fig. 7: Displacements 
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Fig. 8: maximum principle strain 

 
Fig. 9: maximum principle stress 

 
Fig. 10: von mises stress 

Percentage of weight reduction 

Composite cover weight calculation 

Area = a * b 

Area = 0.390 * 0.290 = 0.0957 m2 

Copper weight = areal weight * area 

= 0.0957 * 0.120 = 0.01196 kg 

Glass cloth weight = 0.0957 * 0.230 = 0.022011 kg 

CFC weight = 16 * 0.0957 * 0.240 = 0.3674 kg 

Total weight of composite cover is sum of CFC weight, 

Copper cover weight and Glass cloth weight = 0.4015 kg 

Metal cover weight calculations: 

Weight of metal cover = area * thickness * density + 

stiffener weight 

= 0.0957 * 2.7 E-3 * 2780 + 0.059 = 0.7773 kg 

Therefore % weight reduction = (0.7773 – 0.4015) / 0.7773 

= 0.483 i.e. 48% weight reduction. 

V. CONCLUSIONS  
Weight reduction is the greatest parameter of composite 

material usage and its key factors in decisions regarding its 

selection. Other benefits includes is high corrosion resistance 

and resistance to damage from fatigue. These will play major 

role in minimizing the operating costs of the aircraft, further 

enhancing its efficiency. 

Composites are used as a replacement material for 

aircraft structures, replacing aluminum alloy that has been 

used for last decades. Introduction of composites materials in 

advanced aircrafts has once again proves that more reliable 

than conventional materials. However, composites are 

expensive to fabricate.  

 Airframe composites have the advantages of: 

 high specific strength and stiffness 

 tailored directional properties 

 non-corroding in salt environments 

 excellent fatigue resistance 

 dimensional stability 

 Reduced number of parts required (compared to metal 

components) 

However, these composites are susceptible to: 

 impact damage 

 moisture pick-up 

  l ightning strikes  

 extremes of temperature 

VI. FUTURE SCOPE 

Self-repairing composites are composites that are able to 

repair cracks on the aircrafts as they happen. By designing a 

network of glass rods filled with resin, it is possible to stop 

the crack from propagating and repair the aerodynamics 

characteristic of the aircraft when crack happen in flight. 

However, there are limitations in self-repairing like 

the supply of the resin in the webbing. A system with vascular 

network should be used to resupply the resin so that self-

repairing composites serve their purpose from time to time. 
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