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Abstract— Floor beam is a structural part of a fuselage which 

is used as floor space to passengers, cargo and fixed with 

fuselage skin. Here, the cross beam has taken as I-section and 

connected with attach bracket methods of joining. The design 

of aircraft floor beam is conceptual design for the cost and 

weight reduction, strength improvement and ease of 

fabrication of fuselage. Increased weight and less stiffness of 

the existing floor beam made of aluminum is major problem 

of present floor beam. Hence, CFRP (carbon fiber reinforced 

plastics) has chosen for the designing of floor beam in the 

aircraft. After the selection of material and cross section of 

floor beam, the whole parameters of cross section of floor has 

studied and designed in UG NX8 software then the model is 

imported to Ansys 14.5 for the dynamic analysis and life 

estimation. The expected outcome is to reduce the weight to 

strength ratio, cost, increase the durability and life cycle of 

cross beam. 
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I. INTRODUCTION 

It is also defined as a cross beam for a floor structure of an 

aircraft which consist a web having opposing end sections 

connected to opposing structural sections of fuselage. Floor 

beams are part of a redundant floor structure that support the 

passenger seats, galleys, lavatories, etc. Seat tracks move 

over the cross beams and are attached to upper chords of floor 

beam and used to transfer the loads from seats to the beams 

and to confirm that the cross beams work together to lift the 

applied loads. There are also intercostal that run fore and aft 

between the floor beams and their purpose is to carry locally 

applied loads from galleys, etc. The floor grid (floor beams 

plus seat tracks) is covered by floor panels that attach to the 

seat tracks and may attach to the floor beam upper chords. 

The floor panels serve as the shear diaphragm that carries the 

forward crash loads out to the side of the fuselage. 

It consists of cross beam, support struts, seating 

rails, support rails, floor and a surface structure. To increase 

the bending strength of the cross beams, it is provided with 

the latter which normally supported on a lower section of the 

respective frame. There is a lot of empty place under the floor 

beam which is used as the installation space for laying cable 

systems for communication purpose. Moreover, it forms a 

ceiling at the lower aircraft space which is used to maximize 

the volume of the freight loading space and is advantageous 

if the surface structure is positioned as close as possible to the 

cross-beam. 

 
Fig. 1: Components of fuselage structure with floor beams 

Carbon fibers are much strong and has enough 

stiffness, may be 3-10 times stiffer than the glass fiber. 

Carbon fiber composite is utilized for structural flying 

machine applications, such as floor/cross beams, stabilizers, 

flight controls, and primary aircraft fuselage and the wing 

structure of aircraft. An advantage of it includes its high 

strengthened and protect against corrosion that may occurred 

in the structural elements. The limitations of it include the 

lower conductivity than the aluminum. Therefore, a lightning 

protection covering is required for flying machine parts that 

are inclined to lightning strikes. Another limitation of carbon 

fiber is its high economic cost. Carbon fiber is black or dim 

or gray in color and is accessible as dry fabricated and prepare 

structural material. 

II. RELATED WORKS 

Jeffrey H. Wood [2], have introduced the cross-beam 

assembly, system and associated method for installing floor 

beams within a structure. The author has explained the 

installation of floor beam in fuselage structure for proving 

strength and supports.   

Willard N. Westre [3] explained the integrated 

aircraft floor with longitudinal beams. An integrated floor 

includes a composite panel for floor surface and beams of 

composite materials for floor beam. The longitudinal beams 

provide support to floor and fuselage which increased the 

strength of fuselage structure.  

Ilhan Sen [4] was presented a thesis on Aircraft 

fuselage design study. Lightweight materials are required for 

manufacturing lighter aircrafts since they have more 

advantage over metallic materials because of their high 

strength, light weight which can save enormous amount of 

fuels and provides high lifting capacity. Still there are a lot of 

materials which are unfamiliar to the aerospace industry and 

manufactures are unable to unlock that secret for taking 

complete advantages of those materials.  

Hence, an evaluation software is needed for 

determining the running loads to calculate and record the 

performance of new materials which can provide 

manufacturers better view of material properties and 
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performance that are specifically required for aircraft 

structures. The aim of project was to design and develop a 

tool for both metal and composite fuselage in visual basic 

application. This provides information about structural 

performance of material and calculate the weight and 

structural dimensions for both aluminum and composite 

fuselages.  

The skin panels are optimized for minimizing 

fuselage weight which can be used for producing design 

configuration for conventional aircraft. The Airbus A320 is 

considered as reference aircraft for analyzing and 

optimization of that aircraft for better performance. The 

results which are evaluated were far better than the present 

models and the tool which used for analysis and evaluation is 

considered into practice.  The final stage of the project 

considers aluminum and composite as structural material. 

III. OBJECTIVES 

 Selection of composite material having better 

mechanical and physical properties compare to 

Aluminum.    

 Choosing a better cross-section of the floor beam.  

 Calculating modal frequencies for total deformation at 

different nodes for dynamic analysis of floor beam    

 Life cycle estimation of aircraft floor beam. 

 Weight reduction of the floor beam due to optimization 

of it as cut-outs in the web of the floor.  

IV. METHODOLOGY 

 
Fig. 2: Methodology 

 
Fig. 3: The geometrical 3D CAD model of Floor beam in 

Aircraft 

The figure shows the 3D CAD model of the I-Cross 

section of the floor beam in the passenger Aircraft modeled 

in UG NX8. An accurate UG model is created to perform both 

linear static and dynamic analysis under the applied loads. 

The baselines structure of the floor beam is taken from the 

aluminum C56 Aircraft and the dimensions of the floor beam 

are taken to generate the CAD model using UG NX8.  

Material section: CFRP 

Material 
Density 

(Mg/m3) 

Poisson’s 

ratio 

Ultimate 

Stress 

(MPa) 

Yield 

stress 

(MPa) 

CFRP 1.5 0.28 550 250 

Table 1: CFRP (Carbon Fiber Reinforced Plastic) Material 

Properties 

V. DYNAMIC ANALYSIS 

 Step 1: The CAD geometry of the aircraft floorbeam is 

imported to the ANSYS software in .igs file format. 

Figure show the procedure for importing the .igs file of 

the model for creating the FE model of the CAD model 

for analysis. 

 
Fig. 4: Importing CAD model 

 Step 2: The imported geometry is then ready for 

meshing. Figure shows the meshed floor beam model of 

the CAD geometry 
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Fig. 5: Meshed model 

The current model was meshed using Tetrahedron dominant 

elements. 

 Step 3: After the meshing is done then modal frequency 

analysis is carried out. In this, boundary conditions like 

Loads, fixed at both ends of the Floor beam has done. 

 
Fig. 6: Applying Boundary Conditions 

 Step 4: After boundary conditions has done, and then 

solve it for the required model frequency analysis of the 

floor beam. 

VI. RESULTS AND DISCUSSION 

 
(a) First mode 

 
(b) Second mode 

 
(c) Third mode 

 
(d) Fourth mode 

 
(e) Fifth mode 
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(f) Sixth mode 

Fig. 7: Six different modal frequencies 

Sl. No. Number of modes Frequency, Hz 

1 1 0 

2 2 1.4278 

3 3 2.872 

4 4 4.2184 

5 5 4.7549 

6 6 5.0607 

Table 2: Modal Analysis Results for I-Cross Sectional Floor 

The natural frequency of a body is defined as the rate 

at which a body is vibrating itself in the absence of outside 

forces. Every degree of freedom has its own natural 

frequency for any given object.  

Mainly, the modal analysis is used to find the 

different modal frequencies under vibrating conditions based 

on which, it can be evaluated whether the designed model is 

safe or not.  

Here, the designed floor beam is safe under free 

vibrating conditions because all the obtained modal 

frequencies should not exceed the maximum vibrating 

conditions. And also, the life of the floor beam is higher under 

these conditions [1].   

VII. LIFE ESTIMATION 

In materials science, fatigue is the wearing of a material 

caused by recurrently applied loads and occurs when a 

material is subjected to cyclic loading. The nominal 

maximum stress values that cause such damage may be much 

less than the strength of the material i.e. ultimate tensile 

strength or yield stress limit. 

Fatigue occurs when a material is subjected to 

continuous loading and unloading. If the loads are more then, 

microscopic cracks will begin to form at the stress 

concentrators such as the surface, persistent slip bands 

(PSBs), interfaces of constituents in the case of composites, 

and grain interfaces in the case of metals. Eventually a crack 

will reach a critical size which will propagate and then 

structure will undergo fracture. The shape of the structure will 

significantly affect the fatigue life; square holes or sharp 

corners will lead to elevated local stresses where fatigue 

cracks can initiate. 

 
Fig. 8: Alternative stress v/s Yield stress 

The American Society for Testing and Materials 

defines fatigue life, Nf, as the number of stress cycles of a 

specified character that a specimen sustains before failure of 

a specific material occurs. For some materials, there is a 

theoretical value for stress amplitude below which the 

material will not fail for any number of cycles, called a fatigue 

limit, endurance limit, or fatigue strength. 

FEM Life Estimation: 

 
Fig. 9: Life estimation 

Life estimation of CFRP material average frame is 

1000000 cycles.  

VIII. CONCLUSION 

The following conclusions can made from dynamic analysis 

and life estimation of floor beam: 

 During modal analysis, the total deformation and 

frequencies at various modes are evaluated and listed in 

a table where we can find the deformation and 

frequencies values are within permissible limit. Hence, 

we can conclude that the design is safe under applied 

load conditions. 

 Since CFRP has high strength, light weight and better 

machining property in compare to aluminum, it can be 

preferred for future development of aircraft floor beam.   

 The life cycle obtained for CFRP is more than that of 

existing aluminum material and hence, we can conclude 

that it can resist more cyclic load in compare to 

aluminum. 
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