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ABSTRACT

The study has been carried out on aircraft systems, then type of aircraft system and on different aircraft parts. Then the
study has been continued with the basic directions of aircraft and basic materials used in the aircraft systems. The study
has been carried out on fuselage pressure bulk head and it is continued with the study of fuselage flight station for
transport. The study has been carried out on aircraft structures. Study has been continued with the Shear force diagram
and Bending moment diagram which was required for the analysis of floor beam. The literature reviews has been
carried out from the journals. The calculations have been carried out using basics of mechanics of materials in order to
get the maximum bending moment and maximum shear stress. The same has been carried out to get the maximum
deflection. Study has been carried out on MAT Lab. Using MAT lab deflections has been varied and the best has been
selected. The study has been carried out on beam theory. The calculations has been done using beam theory. Best
deflection value has been collected. As soon as the analytical part has been finished then using Ansys10 analysis has
been carried out on fuselage floor beam, which was the main intension of our mini project. The answers have been
compared and the best results has been concluded.
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1. INTRODUCTION

An aircraft is a machine that is able to fly by gaining support from the air. It counters the force of gravity by using
either static lift or by using the dynamic lift of an air foil, or in a few cases the downward thrust from jet
engines.Aircrafts can be classified based on Category and Usage.Aircrafts based on Category are classified as, lighter
than air,heavier than air.Aircrafts based on Usage are classified asCivil Transport Aircraft, Military Aircraft and Space
Vehicles. MThe fuselage, or body of the airplane, is a long hollow tube which holds all the pieces of an airplane
together. The fuselage is hollow to reduce weight. As with most other parts of the airplane, the shape of the fuselage is
normally determined by the mission of the aircraft.It contains, cylindrical shape for containing pressure, streamlined to
reduce Drag, nose houses Radar, carries a part of the fuel, it is the main structure or body of the aircraft. Types of
fuselage structure contains, truss structure, monocoque, semi monocoque. The fuselage is fully Monocogue structure
made of high strength aluminium alloy. It also includes other high technology materials such as titanium, corrosion
resistance steel and carbon composites for primary structures, fiberglass and Kevlar for the secondary components.
Elements of Fuselage section contains, Frames / Bulkheads,skin, Stringers &longerons.™The first aircraft had two
wings made of light weight wood frames with cloth skins, held apart by wires and struts. The upper wing and the struts
provided compression support while the lower wing and the wires supported tension loads. In the 1920s, metal began to
be used for aircraft structure. A metal wing is a box structure with the skins comprising the top and bottom, with front
and back formed by I-beams called spars, interior fore-aft stiffeners called ribs, and in-out stiffeners called stringers. .
Rivets are the preferred fastening method in bridges and buildings mainly because such joints provide some structural
damping via internal friction in the rivet-hole and plate-plate interfaces. This damping reduces vibrations and
oscillations. ®)XComparing with conventional airliner, the length of fuselage for flying-wing configuration is
dramatically less. The structure weight of outer wing can be reduced. It means for the same wing span, the weight
penalty for the flying-wing is less than the conventional one. However, there are many challenges for flying-wing. At
the beginning, it is thought that this configuration can have enough capability to carry more passengers, and also have
enough room for more fuel tanks.The auxiliary structures for skin are the stringers and frames. Stringers just sustain the
axial loads from bending moment in the ideal condition. The function of frames is the shape containing of the fuselage
and the length reduction of stringers. Reinforced frames (bulkheads) can distribute the concentrated forces from the
heavy load such as wings and landing gear. ®!'The design process starts with a sketch of how the airplane is envisioned.
Weight is estimated based on the sketch and a chosen design mission profile. A more refined method is conducted
based on calculated performance parameters to achieve a more accurate weight estimate which is used to acquire the
external geometry of the airplane.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. ™
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2. ADAPTIVE DESIGN & FE ANALYSIS
Based on Mechanics of Material
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Fig.1. Schematic of the load variations.

Summation of forces equal to zero. i.e. . l.e. sum of upward forces is equal to sum of downward forces. Since it is a
uniformly distributed Load we have to multiply with distances to get point load.
Ry + Rp= (Fy * L)+ (F; * L)

= (3531.6+1015) + (2354.4*540)
R, + Rz= 4855.95 kN.

Summation of moments about A is equal to zero, i.e. >, M, = 0.

L L
Rex Ly = |(Fyx L)« (g +2) |+ 1P # 1) # (L + 1y + 13 +2)

Ry = (3.306*10° + 2.81*10°)/2900
Ry, = 2108.96 kN.

Therefore, =2746.99 kN.
i SFD and BMD at section a-a:
Shear stress,t = R, = 2746.99KkN.

Bending Moment,M, = (R, * x), @ x=0 and x= 415,
MO = 0, M415 = 114046 * 106 N — mm.

Since there is a sudden drop in shear force diagram from positive side to negative side there will be point of
contraflexture. By substituting the Shear stress of the section b-b zero, we will get the value of point of contraflexture.
Then by using that value we need to find out maximum bending moment.Maximum Bending Moment,
M, = 2746.99 = 103x 1192.83 -3531.6(1192.83-415)

M = 3273.94 X 10° N — mm.

Considering | section,
I section is symmetric and outer fibre will have more stress
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Fig. 2. Cross-section of | section
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Let us consider the values for b, B, h, H.
b= 20mm, B= 450mm, h= 450mm, H=490mm.

Section modulus, Z= (BH3 —bh3)/6H............c.cooiiiiiiiiiiiiiin (1)
= {(450x4903)-(20x450%) }/6x490

Z=17.38x10°mm3.

Bending stress,oy, = % ................................. ?2)
= 3276.13x10°/ 17.38x10°
o, =188.5 MPa
Shear stress 7, t=(FXAXy)/(bXD..coooiiiini. 4

= (2748.11><103 X 27000 x 1399.62)/(20 x 4.26 X 109)
T =1218.9 N/mm?.

Principal stresses,

oxtoy

01,0, =— i\/[(a,(—ay)/Z]"2+‘t2 ......... 5)

_ 1885 18852 2
‘Ti\/(T) +1218.9

0, = 1316.78N/mm?, 0, = —1128.28N/mm?.

According to distribution energy theory, Considering Al-T7351 material, yield strengtho, = 421 MPa,

__ Oyield
O =2 6)
0. = \Jo} + 07 — 0,0,..... (7)
FOS=25

The maximum deflection can be find out by using the formula,
3 3 3
Ely= Ry x5 = (Fy X Ly) x (£ -922.5) = (F, X L) x (= — 2215)+¢; X %)
Deflection, y=9.674mm=0.0096m.
Based on Beam theory: In beam theory, we can show the distribution in point load manner. It is the advantage of using
Beam theory. The equation for shear force, bending moment, bending deflection for the freely supported beam with

point load are given by
Q(x)=Pbll 0<x<a
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Q(x)=—Palla<x<l

M(x)=Pbx/1 0<x<a

M(x)=(I-x)/l a<x<l

fmax=—Pbx (12—b2—x2)/6lEI 0<x<a
fmax=—Pb [(12—b2—x2)+Ib(x—a) 3])/6lEla<x<l

Where, Q= Shear force, M= the bending moment.

The value of maximum deflection at each point is tabulated below

Table 1: Maximum Deflection

Point 1 2 Aisle 3 4

Distance( | 0.415 0.935 1.450 1.965 2.485
m)

Max. 2.76x 8.73x 9.39x 8.73x 2.76x
deflection

(m)

3. RESULTS & DISCUSSIONS
FE analysis is done using ANSYS software for both uniformly distributed load and also for point loads using beam
section.
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Fig.3 Ansys Solution for UDL
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Fig.4 Ansys solution for point load

Floor beam analysis design is done using Ansys10.0. The value of displacement is obtained. When this Ansys
displacement value is compared with the analytical value, it is found that the values are close to each other.

4. CONCLUSION
Floor beam analysis design is done using Ansys10.0. The value of displacement is obtained. When this Ansys
displacement value is compared with the analytical value, it is found that the values are close to each other.

To find deflection using numerical method, we used two theories. They are “Based on basics of mechanics theory” and
“Based on beam theory”. While comparing the deflection values, we found that the calculated value of deflection using
beam theory was lesser than that of the value calculated using basic of mechanics theory.
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