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Abstract
This study focus on stress calculation in a cantilever beam by FEA &Analytical techniques. To know the value of maximum load
bearing capacity of any particular beam this study has been generated. Structural analysis is foremost requirement in a design
process. Also when we perform FEA analysis of any structure we cannot blindly trust on its result. If we don’t have any past
result data of that structure, it became difficult for us to know the deviation of result. For that purpose we may require analytical
calculation result in order to compare result value of FEA. Hence in this study a range of load values are applied on cantilever
beam by both techniques. Later graph has been plotted for different load values & verification of results is carried out.
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1. INTRODUCTION

Two different approaches are used to know the stress in a
cantilever beam i.e. FEA Analysis & Analytical Analysis.

To effectively evaluate the result of FEA technique for a
given problem, we have chosen a case study which can also
be solved by analytical solution. Comparison of both result
can provide us a benchmark relation by which we measure
the effectiveness of our result. The result of analytical
analysis can be used to improve the process of FEA & by
doing iteration in FEA process we may bring our result
much closer to calculated value. Values calculated by
analytical technique can be used as a benchmarking data.

The round tube section of steel which have crossection of
(25.4*1.4) mm & 250 mm in length is used as a beam. This
beam is fixed at one end &different load values are applied
from the other end. Load value of range 40N-200N is
applied at one end of beam. Maximum stress & deflection
values have been recorded by both techniques.

All the boundary conditions & material property has used
same for both the cases.
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Fig-1 Overview of a cantilever beam having load applied
at one end
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Fig 2. CAD model of circular hollow section

2. METHODOLOGIES
2.1 Finite Element Analysis

A model of round tube section with dimension of
(25.4*1.4*250) mm has been created in CATIA software.
Material property of steel such as E=2x10"5 N/mm2 &
position’s ratio=0.26 has provided to CAD model. After
generation of CAD model it was fetch into Generative
structure analysis which is a module of CATIA software. To
perform the Static analysis of CAD model meshing
&boundary conditions are needed to apply as an initial step
of analysis. Here we applied range values of (40N-200N) at
one end by fixing other end.

Solving the computation in CATIA platform we get the
result of maximum stress & deflection which could be
developing in given problem. Von Misses stress tree, which
is used to show different color parameters on CAD model
has highlighted maximum stress area in red color & graph
having numerical values on the stress is also provided there.

Maximum amplitude of beam is also calculated by FEA
which is known as maximum deflection from a given point.

The FEA result of different stress value at each load is
tabulated in table no. 1
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Table-1FEA Stress & deflection value over different load
range

FEA Result

:
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Stress & deflection value of beam under various load
application has been shown in fig 3-12
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Fig-3 Stress range on a load value of 40N
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Fig-4 Stress range on a load value of 80N
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Fig-5 Stress range on a load value of 120N
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Fig-5 Stress range on a load value of 160N
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Fig-5 Stress range on a load value of 200N
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Fig-8 Deflection range on a load value of 40N
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Fig-9 Deflection range on a load value of 80N

Volume: 05 Issue: 04 | Apr-2016, Available @ http://ijret.esatjournals.org




IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

Translational displacement v
mn

On Boundary

Fig-10 Deflection range on a load value of 120N
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Fig-10 Deflection range on a load value of 160N
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Fig-10 Deflection range on a load value of 200N

2.2 Analytical Analysis

Usually Analytical approach is used by scientists to get the
result of stress & deflection in a given problem.

Simple beam bending is often analyzed with the Euler-
Bernoulli beam equation. The conditions for using simple
bending theory are

e The beam has to obey law of pure bending.

e The material should be isotropic in nature

e Material should be in accordance with Hooke’s law

e The material obeys Hooke's law (it is linearly elastic and
will not deform plastically).

e The crossection of beam is to be constant throughout the
length.

e The beam is initially straight with a cross section that is
constant throughout the beam length.

e The beam has an axis of symmetry in the plane of
bending.

For analytical analysis following equations are considered

Cross section area

A =3.14*(D0"2)/4 - 3.14*(Di"2)/4
Maximum bending
moment M =P*L
Moment of inertia | = 3.14(D0"2-Di"2)/64
Maximum deflection d = PL"3/(3*E*I)

Section Modulus S=1Y
Maximum stress g =M/S
Where

A = Area of crossection (in mm”2)
DO = Quter diameter (in mm)

Di = Inner diameter (in mm)

P = Load applied (in N)

L = Length of beam (in mm)

E = Modulus of rigidity

M = Maximum bending moment
I = Moment of inertia

S = Section Modulus

Y = Neutral axis

g = Maximum stress

Solving the above equation we get the results listed below

A = 3.14(25.4%2)/4 — 3.14(22.6"2)/4 = 105.5mm"2
M = 40*250 = 10,000
| = 3.14(25.4"2 - 22.6"2)/64 = 7622.136 mm"2

Maximum deflection
(d) = (40*250"3)/(3*200000*7622.136) = 0.137mm

Maximum stress = 10,000/( 7622.13/13.2)
=16.7 N/mm~2

The same process followed for other load conditions.
The analytical stress & deflection at each load value by
using above same formulation are tabulated in table no. 2

Table-2Analytical analysis of Stress & deflection over
different load range

Analytical Analysis
5.Mo. |Total Loadin (N)| Stress(in N/mm*2) Deflection (In mm)}
1 40 16.7 0.137
2 80 33.32 0.273
3 120 50 0.409
4 160 66.65 0.546
5 200 83.309 0.683
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3. COMPARISON OF RESULTS

For analysis purpose, the FEA stresses and deflections on
cantilever beam is carried out on different values of load
from the support. The comparative FEA and analytical stress
results are shown in fig. 13 & fig. 14. The result in graph
shows that stress & deflection performance was similar

between both techniques. The slight difference in stress
value at higher loading is due to the quality of CAD model
& meshing. The plot in fig 13 & figl4 are good illustration
of the performance of both techniques. Both of the plots are
showing straight line linear relation which is also in
accordance with Hook’s law.

Table-4 Comparison of FEA & Analytical result at different load condition

Fig-13 Load vs Stress result by both technique
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Fig-14 Load vs Deflection result by both technique

4. CONCLUSION

Though the complete results are presented in tabular &
graphical form, here an effort is made to evaluate the results
obtained by both techniques.

From this study we have reached on a conclusion that result
of FEA technique is much closer to analytical technique.
The result of this case study is also in accordance with beam
theory. For different sections we can used the same principle

S.No. Load in (N) EEA Enatytical
Stress (in N/mm~2) | Deflection (In mm) | Stress (in N/mm#2) | Deflection (In mm)
1 40 17.3 0.139 16.7 0.137
2 80 34.6 0.278 33.32 0.273
3 120 52 0.417 50 0.409
4 160 69.3 0.556 66.65 0.546
5 200 90.8 0.695 83.309 0.683
for result calculation, benchmarking of result value can be
Load v/s Stress . e .- . S .
Analysic obtained for result verification which will improve the
accuracy of final result.
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T 20 different structure.
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