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Abstract – FEM (Finite Element Method) Analysis is a numerical method that can be used for the accurate solution of complex engineering problem. Cantilever beam is the rigid structure elements such as beam or plates which is fixed at one end and apply a load on other end. FEM is used in cantilever beam for calculating the stresses and deflection induced in the cantilever at different points due to point load. In this paper, the welded cantilever beam have been studied by using electric arc welding and various parameters like fatigue load stresses and deflection in beam, crack propagation, heat affected zone, stress concentration factor and load bearing capacity. Also welded structure analysis and thermo structure analysis are analysed in ANSYS software and after that MRA Analysis is carried out using Excel sheet. The deflection of cantilever beam is essentially three dimensional problems. An elastic stretching in one direction is accompanied by a compression in perpendicular direction. The beam is modelled under the action of different loading condition i.e. load applied at free end. During this paper the deflection and stress value of the beam are calculated analytically. Finite element analysis of the beam was done considering various types of elements under different loading condition in ANSYS. 
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I. Introduction 
           The method was first developed in 1956 for the analysis of aircraft structural problem (in fact this method has become one of the active research areas for applied mathematics). In this analysis once a general computer program is written it can be used for the solution of any problem simply by changing the input data. In addition the reader will be in position to use commercial software such as ABAQUS, NASTRAN and ANSYS. 

The basic idea in the finite element method is to find the solution of complicated problem by replacing it by simpler one. Therefore we will able to find only an approximate solution rather than perfect solution. Cantilever beam is the rigid structure elements such as beam or plates which is fixed at one end and apply a load on other end. FEM is used in cantilever beam for calculating the stresses and deflection induced in the cantilever at different points due to point load. The accident was found in Snellville GA, USA on 1st August 2002 due to collapse of road side billboard during erection. 

          In this accident cantilever beam was collapsed due to continuous point load and cause several peoples death. Finite Element Analysis (FEA) has become a practical method of predicting stresses and deflection for loaded structure. FEA identifies the load path, which can be difficult using classical analysed and complex structure.

II. Different Loading Condition And Concepts
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Fig.No.1:- Cantilever with vertical load at free end.

              Gargi Majundar and Kaushik Kumar present the paper in which the beam is taken mass less and inexistible because of which it develops no strain. This cantilever beam is subjected to a vertical point load at the free end and the differential equation is developed mathematically. [1] 

           Kyungwoo Lee states that in large deflection of a ludwick type material in a cantilever beam shearing force formulation is more preferred than bending force formulation as it possess computational advantage. It applies vertical concentrated load at the free end and uniformly distributed load. [9]     

             M. V. Dalvi and A. S. More research paper FEA Analysis is used for determination of stress and deflection of loaded structure as FEA gives load path which is difficult using classical analysis with complex structure. The accuracy of load estimation depends upon quality of model built by analyst. We came to know that the strength of weld can be increased by increasing the length of overlap and for a single transfer weld the strength can be improved by applying the straining force. [6]
              Abdul Rahim Abu Bakar and New Chang Chee imply in research paper that the dynamic force gives the vibration on a vehicle structures. Hence, it create the welded joint on a vehicle structure fails. [4]  

In this paper Mihir Kumar Sutar presents the analysis of a cantilever beam which is created due to loading and analyses the relation between crack depth and crack location in natural frequency. Free vibration gives a cyclic loading which creates a crack on a cantilever beam. [2]

            Different Loading Conditions of Cantilever Beam:

· Point Load, UDL, UVL.[1]
· Cyclic Loading.[2]
· Point Load at end.[3]
· Combined Loading Consisting UDL and one vertical concentrated load.[9]
· Dynamic forces.[4]
· External forces taken as a point load.[8]
III. Analysis Software

             In FEM analysis, once a general computer program is written it can be used for the solution of any problem simply by changing the input data. In addition the reader will be in position to use commercial software such as ABAQUS, NASTRAN, ANSYS, ALGOR and CAE.

NASTRAN Software is totally base on numerical methods, non-linear finite elemental problems are solved by either explicit or implicit numerical technique to structural analysis at various points in product this MSC NASTRAN software is utilize. [3]

Various types of elements under different loading conditions are analysed in ANSYS 11.0 to obtain in a various numerical result at different nodal points are use by taking Cartesian coordinate systems at the fixed end of the beam.[1] 

            Different Software used for analysis:

· ALGOR for Analysis.[2]
· ANSYS software.[1]
· ABAQUS/CAE software.[4]
· NASTRAN software.[3]
· ANSYS software.[5]
· ANSYS with MEMS.[7]
           Mihir Kumar Sutar describes the paper in which the beam was discredited into 8250 elements and 11746 nodes and applies the boundary condition in cantilever by constraining all DOF. [2]
            The paper published by Gargi Majunder and Kaushik Kumar describes two elements such as element1 is brick 8 nodes 185 and element2 is Tet 10 node 187.These two element gives displacement values and stress distribution as shown in below figure. [1]
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Fig.No.2:- Displacement Curve
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Fig.No.3:- Stress Distribution

Theoretical Calculation:

Using the Bernoulli-Euler’s elastic curve equation the following relationship is obtained

EI (d2y/dx2) = M [1]
Where, E is modulus of elasticity which is of constant value.

I is moment of inertia=bh3/12, b=width of beam, h=height of beam.

M=moment developed.

 Cantilever beam of length L subjected to a vertical point load ‘F’ at its free end. [1]
The B.M. equation at section X-X at a distance x from fixed end is given by:

                                        EId2y/dx2= -F (L-x) 

On integrating and solving the above eq. with required boundary conditions we get the downward deflection of beam as: FL3/3EI.

Examples:-

Assuming L=100m, b=10m, h=10m, ν=0.3, E=2×105N/m2, F=500N.

Analytic Deflection, δB= 1.000004 m.

Using the equation: (M/I) = (E/R) = (σ/Y), Analytic Stress developed σB=300N/m2. [1]
Conclusion

            It is concluded that from above data, the deflection of cantilever beam is more accurate when 10 node tetrahedral elements are used and for calculating the stress 8 node brick elements gives a perfect solution. Large deflection of ludwick type cantilever beam under uniformly distributed solution was obtained by fifth order Runge-Kutta method. It also states that it is applicable to general loading conditions. 
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