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ABSTRACT

In mechanical, and civil engineering, beams are considered as a common feature of many
buildings, structures buildings, and the bending beams studies are also a significant part of a
comprehensive field of structural mechanics and mechanics of materials. Under the activity of
a uniformly dispersed load along its own weight and an outside vertical accumulated load at
the free end, the old style issue of deflection of linear elastic material of a cantilever beam, is
being analytically and numerically analysed. Material is being presumed to be isotropic with
the material AIS11020 Stainless Steel is being taken for the study. For the analytical evaluation
of the system and for calculating beam material deflection the SOLIDWORKS program is
being used. Finally, finite elements analysis is used to compare the numerical results with the

analytical ones.
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CHAPTER 1

INTRODUCTION

Civil engineers and industrialists are responsible for the safety of buildings. Anticipating and
measuring the deflection of the support beams is one of their most important safety functions.
Learning the different types of deviations, and how to calculate them can help you decide if
this is a good job. In this report, we discuss the definition of deflection in engineering, the
different types of deflections, the main causes, and how to calculate the deflection rate for

different geometries.

Deflection is the movement of the beam from its original position. Some refer to engineering
deflection as migration. This refers to the movement from an engineering force, from an object
itself or an external source, such as the weight of a wall or roof. Many buildings are at risk of
collapse, including beams and frames. Deflection is average length. Calculating beam

deflection gives an angle or distance, which refers to the range of motion of the beam.

In terms of structural engineering, beams are considered to be a component made of a number
of materials (including steel, wood aluminum) to withstand loads - commonly used in each
metal case. Beams can also be referred to as members, elements, planks, shafts, or purlins. To
carry a direct load, shear load, and sometimes horizontal beam load as a horizontal structure is
used. It is a very important part of the architecture. It is often used in the development of
extensions, brackets, and various designs that convey a specific load. Compared to the height
of any part of a building where the cross-section is very small, it carries a side load known as
a beam. A beam horizontal bar that carries a rear load or a couple that tends to bend or a
horizontal bar facing a curved pressure is known as a beam. In building a building and failing
to use deflection is an important consideration that can be catastrophic. Beam deviations can
be calculated in the structure in a variety of ways: mathematical methods and finite object

analysis etc. [1]

According to engineering terms, the shape of the building changes at the rate of the deflection
when a load is applied. The Changes that occurs includes the angle or distance which can be
invisible or visible, that depends on following factors: severity of load, part shape, also included
the material from which they are obtained. The deflection mainly caused by different types of

load, in which uniform distributed loads, shear loads, point loads, wind loads, and ground



pressures along with earthquakes, are included. The part may fail when too much deviation is
produced by load. Beams, floors, columns, bridge floors, walls, dams, tunnel walls and more
are included in detachable sections. San Francisco's Golden Gate Bridge can move about 15
feet [4 m] alongside strong winds.[2]

Deviation is observed in the non-built parts, for example, building lock panels may deviate
inside if they are under high air load. In order to ensure the building users safety and the
integrity of the structure as a whole while considering the potential for failure related to
structures, construction code generally decide maximum deviation to be allowed. In the beam,
this is often expressed as part of a span, e.g. beam deviation should not be greater than 1/360
span; therefore, if span is 5m, then deviation should not exceed 13.9 mm. In the center of the

beam it will typically be measured. [3]

It is important to know the different types of deviations, as this can affect the direction and

movement of the beams. There are two main types of deflections, including:

1.1 Angular Deflection

The angular deflection, which we can also refer to as the rotational deflection, measures the
rotation of the structure from its original position. Heavy loads can cause buildings to turn from
their original position. Calculation of angular deflection measures the deflection of the angular

movement from the starting point to the point after rotation.

1.2  Linear Deflection

A line deflection, which you can also refer to as a translation deflection, measures the
movement of a particular point of a building from its actual position. Linear movement can be
a few millimeters away from where you start. A line deviation can also be a straight or
horizontal deviation, which refers to the direction of your movement. The deviation of the line
is usually the limit of the distance between the curve and its tessellation, which is the idea of

repeating the same shape over and over again.

1.3  Causes of Deflection

There are four primary causes of deflection, which include:



e The weight of the load that sits on the structure affects how much it moves or bends. A
heavier load on top of a beam may cause it to deflect more.

e The moment of Inertia refers to the size of the opposite phase. It is a standard that
engineers use primarily to measure deviation.

e The size of the structure without support also contributes to the deviation. This refers
to the extent to which the structure lacks support.

e What materials are made of it also affects its deviation. Some materials are stronger

than others, and aluminum deviates more than steel.

A lot of research had been published related to the analysis of deflection on different types of

engineering structures.

1.4 Project Background

In this project, there is a comparative deflection analysis of a cantilever beam fixed at one end
by using finite elements and mathematical methods. The point load of 4000 N supported by
beam at one of the end of the cantilever beam that is manufactured of stainless steel A1S11020.
And the results are compared with the different types of load that are acting on the fixed end
of the cantilever beam. The comparison has been developed by the help of finite element
analysis and mathematical formula. SolidWorks is one of the advanced and used software for
the geometric analysis. Finite Element Analysis (FEA) is a numerical method for solving
engineering and mathematical physics problems. It is useful for complex problems geometry,
loading, and visual structures where analytical solutions may not be widely accepted. There is
a different load ( 4000N, 5000N, 6000N) acted on the structure and has been compared for the

more accurate result.



CHAPTER 2

LITERATURE REVIEW

Deviation and the distribution of stress on the long, thin cantilever of a rectangular cross-shaped
cross-sectional and isotropic was being examined by Ashis Kumar Samal. Deviation of the
cantilever beam in actual is a 3-D problem. The stress in perpendicular direction accompanies
the stretching on one side. Under the action of three different loading conditions the beam is
being modelled: vertical focused. He concluded by using Ansys the deviation is very accurate
when using the 10 node Tetrahedral feature but due to the stress, the 8node brick feature gives
better results. Therefore, the 10-node Tetrahedral element being used, to detect deviations,
while the stresses 8-node element of the brick is best and most suitable [4].

GT Beam is a graphical analysis system that is being developed by Georgia Tech which is used
in undergraduate studies. In order to, allow students to do 'what if ’design conditions in
deciding shear/minute and complex deviation beam diagrams, program was being designed
that reduces the instructor time which he spent for showing the analysis of beam. This kind of
program allows the reader to visualize the impact of the moving foundations or loads in the

real-time that has its own design next to the Macintosh graphical interface [5].

Kyungwoo Lee has presented that a large deviation of the cantilever beams made of Ludwick-
type material under the combined load that includes load which is distributed uniformly and a
single direct load at free end was being examined. Dominant figures were obtained by using
the shape of the shear instead of the flexible temporal structure because, in the case of a large
deformed limb, the shear strength formation has certain calculation advantages over the
temporal curvature. Since the problem involves both non-linear geometry and equipment, the
rule number is the complexity of dividing a random number, for determining the maximum
derivation of the given load numerical solution is required. The fifth Butcher method Runge —

Kutta is used to obtain numerical solution that is presented in a table format [6].

Saeed Moaveni's research has been dedicated to the analysis of problems, stress, and
conversion of other members of the structure by such examination. The numerical tests
reported here will introduce students to the importance of boundary conditions, power

equilibrium conditions, stress/weight relationship of a given object, axial loading, pressure



focus, pure bending, opposite loading, and integrated loading. ANSYS and parametric
programs are used to set these tests [7].

S. S. Oueini and A. H. Nayfeh verified the result from theoretical analysis by testing. The
cantilever steel beam is fitted with piezoceramic actuators and subject to parametric excitation
has a frequency equal to twice the natural frequency of its original mode. A computer and a
series of analog filters are used to generate a response signal of cubic velocity. Frequency test

and power turning curves are in excellent agreement with quality and theoretical results.[8]

Kishan H. Joshi and Chetankumar M. Patel has presented that Euler beam method is used
successfully to determine tapered deviation cantilever beam, and verified using FEA method
and CREO SIMULATION way. An analysis method designed for tapered cantilever beam by
Euler. The beam method can be used to determine the deviation and stiffness of the tapper a
cantilever beam with a tendency to load. This theory is simple, and can be and can be used to
detect tapered beam deviations with loaded loading non-rectangular section t00.[9]

Al-Gahtani and Khan used Euler Bernoulli's standard equation to determine the non-prismatic
beam deviation of the flexible parabolic beam and the opposite loading position, and this
method was used to determine the deviation of the bridge with the opposite parabolic phase.
Direct analysis of non-prismatic planks with standard boundary conditions is presented. The
analysis is based on a borderline approach. Basic solutions for non-prismatic beams of direct

and parabolic profiles are found.[10]

Bhavikatti [11], and Daryl [12] have described the finite element method to determine the

deflection of any mechanical structure or element.



CHAPTER 3

METHODOLOGY AND FORMULATION

3.1 ANALYTICAL METHOD

There are several ways to determine the deviation of a beam or frame. The choice of a particular
method depends on the loading condition and the type of problem being solved. Some of the
methods used in this chapter include the dual integration method, the unity method, the
temporary location method, the unit load method, the optical operating method, and the power
methods. Cantilever beams are special types of beams that are constrained by only one support,
as shown in the below figure. These members would naturally deflect more as they are only

supported at one end.

P=4000N

l

Cantilever beam

MORNNNNRG

Fig.1. Cantilever beam diagram loaded at the free end

In a cantilever beam, the maximum deflection is experienced only in the free end and is

calculated using the below formula.

s _PL3
max 3E]

Where

P is a point load applied (in N)

L represents the beam length (in mm)

E represents the material Young’s Modulus (MPa or N/mm?)

| represents the moment of inertia of the cross-section (in mm®)

Smax 1S maximum deflection at free end (in mm)



3.2 FINITE ELEMENT ANALYSIS

FEA is used by engineers to help simulate real-world scenarios and thus reduce the need for
portable prototypes while allowing component development as part of the project design
process. In complex geometry, FEA is being most commonly used in which conventional
analysis methods can solve issues as FEA partitions complex calculations into more modest
parts (components). Examination of the limited feature of the cantilever beam under the free
endpoint is done using SOLIDWORKS 19.0. Imitation can provide accurate, reliable results
for a wide range of types of research from basic vertical line analysis to complex and flexible
indirect analysis. Speed up the repetition and prototyping phase of your Imitation design
process. The model is built on Solid Tasks and there is a point load operating at the beam of
4000 N. Accurate results in the FEA model is being obtained from Meshing. The information

related to Meshing is shown in Figure 3. The best meshing is done in the fillet area.

Fig.2. Meshed model of cantilever beam

The analytical and finite element methods are being used to calculate the maximum deflection
value. The material is presumed as being isotropic that has been taken for the review is
AIS11020 Stainless Steel. The low carbon steel is AISI 1020 carbon steel that has as a minimum
0.17%C and 0.3%Mn. It’s strength and ductility combination is good which can be carburized.
It is difficult to install a solid or fire-resistant due to its low carbon content and also it is not
suitable for nitriding because of the absence of alloying elements. With the help of traditional

methods the steel can easily be machined and welded.



The results of FEA are found and compared for cantilever beam. Overall three different point
loads are being prepared, analysed and simulated. Figure 4 to 6 shows FEA results of a
cantilever beam with free end point loading for the different point loading. Here, the applied
load is considered for examination purpose, the point load as 4000 N, 5000N and 6000N for
all iterations with different point loads, and all the variables are same for all iterations except
loading. The result is being calculated as the change in maximum deflection from all 3 various
point loading. The resultant deflection denoted as URES (mm). There is a minimum value and
maximum value on the side of colour scale and is labelled URES (mm).

URES (mm)
0.041
I 0.038
| 0.034
. 0031
_ 0028
_ 0024
oo
. 0017
. 0014

L 0.010
0.007
0.003
0.000

Fig.3. Graphical plot of the numerical simulation by FEA, corresponding to displacements on

the beam

3.3 CALCULATION

First, let’s define the problem to be solved. This consists on a single cantilever beam 1000 mm
length (L) with a rectangular section (a = 150 mm, b = 250 mm). This beam will support a
point load of 4000N at one of the end of cantilever beam which is manufactured of stainless
steel AISI1020. In these conditions, the maximum deflection (8max) must be calculated. A

scheme of the problem is as follows:



- —= 150.00 =

1000.00

For this particular problem, P = 4000 N, L = 1000 mm, For the value of E, this value can be
obtained by searching the technical datasheet (TDS) of a stainless steel (E = 200 GPa). For the
calculation of Moment of Inertia, First we have to calculate the centroid coordinates of this

structure.
Segment Area A (mm?) x (mm) |y (mm) xA (mm3) | yA (mm3)
1 150 X 250=37500 |75 125 2812550 4687500
Total 37500 281250 4687500

Centroid Calculation

o = ZXA _ 2812500 _ 75 ey
- ¥4 37500

A
y _XYA _ 4687500 _— 125mm
- A 37500

The moment of inertia of a rectangle with respect to an axis passing through its centroid, is

given by the following expression:

1
Ix  =-bh* = —x 015 x (0259 = 1.953 x 10-* m*

The following step is to substitute all the above-mentioned numerical values into the general

expression(equationl) to calculate the maximum vertical deflection.

pL3 4000 x 13
= 3E =341 %x10°m=0.
max T 3p1 T 3%2 x 1011 x1.953 x10—4 3.41 x10-5 m=0.0341 mm




CHAPTER 4

PROBLEM DESCRIPTION

While starting with the project we came across many problems related to software, bolt
specification some of them are listed below:

e The dimension shape and size of the design should be accurate for better simulation
results.

e One should have detailed knowledge of engineering software for proper simulation of
Cantilever Beam as analyses on SolidWorks is difficult.

e While calculating the theoretical value for the cantilever beam, there should be proper
calculation and analysis of the geometry.

e The latest version of SolidWorks is required.



CHAPTER S

RESULT AND DISCUSSION

In this work, a point load has been developed at free end of a cantilever beam. The maximum
deflection’s value being calculated with the help of finite element analysis. The chart has been
shown below between the parametric distance and deflection. The red curve represents the

maximum deflection at the end and it is represented by the horizontal line.

Table 2 : Comparison of maximum deflection acquired from FEA, and theoretical
maximum deflection acquired from the analytical method under point loading at free

end.

Load Theoretical maximum Equivalent (ures) Percentage
P deflection deflection (mm) deviation
N (mm) (%)
4000 0.0341 0.0358 4.98
5000 0.0426 0.0448 5.16
6000 0.0512 0.0539 5.27

From the table 2, the both result of the maximum deflection from the FEM and theoretical

method have approached toward same as different loading.




Study name:Static 3(-Default-)
Plot type: Static displacement Displacementl
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Fig.4. Maximum deflection graph at the free end for P = 4000N
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Fig.5. Maximum deflection graph at the free end for P = 5000N



Study name:Static 3(-Default-)
Plot type: Static displacement Displacement1

0.067 R R AL AR R RN EERRER p
005 e ................. .................................. .............. -

0.041 e IR TR L .

0.031 ................. .................................. ............... o

URES (mm)

0,024 v e S R e ¥

0,01} RN NS R ;

0.00 : : :
0.00 0.20 0.40 0.60 0.80 1.00

Parametric Distance

—  URES (mm)

-0.0316901, 0.053951

Fig.6. Maximum deflection graph at the free end for P = 6000N



CHAPTER 6

CONCULSION

The conclusions given below which are mainly based on contrast between the maximum
deflection result that is obtained by the theoretical method FEA for a cantilever beam point
loading at free end.

e The maximum deflection value decreases when the value of point load is increased.

e As you have seen in this article, the solution of a simple engineering problem (single
cantilever beam) can be solved by either analytical expression and Finite Elements
Analysis (FEA). The solution is almost the same but some deviation can occur by using
numerical methods by FEA.

e These complex engineering systems are not easy to be solved by analytical expressions
and it is there where FEA takes some advantages. FEA allows simulating complex parts
in a reasonable time so FEA represents an important tool for engineers. The use of FEA
tools can positively contribute to reducing the design and development time of an

engineering part or assembly.
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1. Introduction

In developing many building materials as well equipment, it is
unpreventable to avoid changes in the section, notches, groove,
holes, etc. to reduce the force of material to give access to one more
part of machines or equipment. In those cases, the distribution of
average force at the top access reach will be too large for greater
than normal stress above part. The concentration of stress can be
determined on the shaft in various ways: photo elasticity, Finite
Element Analysis, Analytic mathematics methods, etc. By suggest-
ing the behavior of this focus, an architect can change its pattern to
grow the service span of the feature and the safety of the individual
working it. Its effectiveness be dependent on the amount of force
Concentration Factor handed down, because when it is large, the
feature often fails.

Stress concentration (commonly referred to as stress producers)
is the location of the object where the main stress is located. The
structure is very stable when energy is evenly distributed in its
area. Restriction of geometry, reduction of the geographical area
is increase stress when loaded out. Stress distribution may be
localized or may vary. Nearly all engineering use has a flexible

* Corrresponding author.
E-mail address: skvrsm@gmail.com (S. Vidya).
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distribution, and that is why it is prime to forecast or have a clear-
ity of how the attribute will behave under certain load conditions.
The presence of fillet radius on a shoulder shaft locates the
stress concentration and we cannot avoid all possibilities that
affect the stress concentration. Several researches had been pub-
lished on the analysis of stress concentration from the analytical
method. Fillets are frequent applications in mechanical frequent
to give a plane transition in fields where available unexpected
switch on rod as in that case of the shoulders. Shoulders dispense
in bars for a variation of motive, cam profile, to give support, etc.
However, this is sometimes the reason for the growth in local
stress levels.

K.S. Babulal has presented the maximum force generated at
three dissimilar types of notches that are found in steel plates that
is; semi-circular notch, U-shaped notch and V-shaped notches. The
fixed analysis reflects that the error percentage between analytical
method and finite element solutions is <2% [1].

The stress concentration factor (SCF, Kt) of a particular non-
persistent structure such as; U-shaped notched in shaft, plates
and fillet shaft are considered under stress and bending. High
stress on fillets and notches is calculated using of ABAQUS
software. The results show, when compared with the theoretical
results of the theories obtained by the mathematical solutions
found in the literature, also shows that, there is an inverse
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relationship between values (Kt) and (r/d) estimation values,
where as a relationship between (Kt) and (D/d) values is positive
[2-4].

Hiren Prajapat [5] analysed the stress concentration factor (SCF)
is calculated for the shoulder filleted shaft and also set side by side
with the theoretical outcome acquire from derived modified Pilk-
ey’s equations, S. M. Tipton equations and Roark’s equations. The
outcome shows that for lower value of D/d ratio result identical
in nature but for higher value D/d ratios, the outcome found differ-
ent. With increasing D/d ratios the SCFs are decreased.

Sonmez [6] studied about the global shape increase in efficiency
of shoulder fillets in flat bars and round bars was achieved.
Although most appropriate fillet sketch of flat bars was a big issue
that was regarded by other researchers and scholars before,
improved outcome were result in this shaping and studying of bars
by making use of a global shape optimization procedure improve-
ment is achieved by making using a numerical search algorithm
called direct search simulated simulation. The exact design was
found in flat bars and circular bars below to the bend, torsional,
axial, or integrated loads. The obtained results show that the con-
centration factors were near to one can be accessed when in bars
with notable changes of different categories. Otherwise, the region
density of the optimum fillets is very small compared to round or
elliptical.

Troyani et al. [7] analyzed the result of the shaft length as the
focus attribute of the shafts with shoulder fillet under the same
tension. The results showed that the length of the member has
an important effect on the stress caused by the shoulder fillet.

Duris [8] has presented the numerically calculated value of
stress concentration factor with selected numbers cases of circular
shaft with shoulder fillet higher compared the values presented in
the books. The biggest difference between numerical results and

Fig. 1. Round shaft with shoulder fillet.
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analysis was 5.4% for a bar with D = 150 mm and a diameter D/
d = 1.5. As aresult, numerical stress concentration factor for fatigue
statistics will not decrease level of security.

Augusto Ajovalasit [9] introduced the historical evolution of
technique that was used for the study of torsion forces on shafts.
Experimental technique based on structural and mathematical
models are also evaluated, and a number of analyses based on dis-
tinct approaches are collected and compared to the two standard
approaches. Case study: a static section shaft with a key and a sym-
metric axis shaft with a shoulder fillet.

The shape-improvement problem of reduce stress concentra-
tion factors can be regarded as the mathematical programming
problem, the structural analysis is obtained by the use of finite-
element method. The pliability of finite elements in action with

contrasting kinds of shapes and weights, permit an extremely
usual and automatic use of the method to different problems [10].
Gujar [11] studied a life of prediction is made based on Finite
element method and analytical method using a constant amplitude
load, fatigue life of the dynamometer shaft be predicted. This
research will help to understand more conduct dynamometer shaft
and give manufacturer knowledge to develop fatigue life of the
dynamometer shaft using FEA tools. It is clear from the above
results, the difference between both result is around 10%, which
is an acceptable distance.

There are several research had been published on the analysis of
stress concentration from the analytical method. In this present
study, there will be comparative study between finite element
method and analytical method. While increasing the fillet radius,
there will be change in maximum stress on the body and the max-
imum stress is defined as the multiplication of SCF (stress concen-
tration factor) and nominal stress. Normal stress is defined same as
the stress that is the force on the object divided by the original
area. The calculation for maximum stress on the body can be calcu-
lated from analytical and finite element method.

2. Materials and method

A bar of roundcross-segment with a shoulder and oppressed is
displayed in Fig. 1. The shoulder makes an adjustment of cross-
segment of the shaft, which brings about stress concentration.
Stress concentration factor Kt, which is the proportion of the great-
est stress (F_max) to the nominal stress (I'_0) as introduced in
below Eq. (1)

(@)

(b)

Fig. 2. Round Shaft with (a) r=0.01m, D=02m,d=0.15m (b) r=0.02m,D=0.2m,d=0.15m

2
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(@)

Fig. 3. Round Shaft with (a) r=0.03 m, D =0.2m,d=0.15m (b) r=0.04 m, D=0.2m,d = 0.15 m.

rm (ax
Ky, o1p
o

where K: ¥ Stress concentration factor

The stress concentration factor is calculated with the help of
graph of the stress concentration factor of round shaft in tension
[12]. As we know the smaller the fillet radius (r) or larger the D/
d ratio results in high SCF. It can be easily found from Fig. 4. Stress
concentration factors for a round shaft of shoulder fillet radius can
be found in many standard textbooks of mechanics of materials.
The diagrams for stress concentration factors for various mathe-
matical shapes and states of loading were initially evolved by RE
Peterson [13]. So far, we use Peterson charts for stress concentra-
tion factors in case of geometry of shaft, bar, and plate to calculate
value of stress concentration factor. The curves given by Peterson
for round shaft with shoulder fillet radius were based on four dif-
ferent parameters ie. larger diameter (D), smaller diameter (d),
shoulder fillet radius (r), and stress concentration factor (Kt). In
the conventional approach, to get the stress concentration factor
using Peterson’s curves, the ratios radius/diameter, and D/d are
to be considered as known. As mentioned by Peterson, the curves
were developed from the results obtained from test work and sci-
entific work did by a few specialists before. Fig. 1 shows the shoul-
der with a fillet of radius r. This outcome is in steady progress from
little breadth to an enormous width. The fillet radius ought to be

"
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Fig.4. Change in stress concentration factor with radius/diameter for a filleted shaft
with tensile loading.

(b)

just about as extensive as conceivable to lower stress concentra-
tion. By and by, the fillet range is restricted by the plan of mating
parts.

In this study, by changing the value of fillet radius, there is huge
reduction in maximum stress from the both method (analytical
and finite element solution). The shape has been taken as round
shaft with fillet radius (r = 0.01 m, 0.02 m, 0.03 m and 0.04 m), lar-
ger diameter (D = 0.2 m), smaller diameter (d = 0.15 m), tensile
force (F = 15000 N) and has been modeled in solid works (Figs. 2
and 3). The value of maximum stress has been calculated from
the analytical method and finite element method. The material is
assumed to be isotropic and material has been taken for the study
is 1023 Carbon Steel sheet (SS). Steels (linear elastic isotropic) con-
taining carbon as the principle alloying component are known as
carbon steels having up to 0.4% Si and 1.2% Mn. Components, for
example, Cr, Ni, Al, Cu and Mo are additionally present in little
amounts. The mechanical properties of the material are mentioned
in the Table 1.

2.1. Finite element analysis

FEA is utilized by architects to assist with reproducing actual
peculiarities and in this way lessen the requirement for actual
models, while taking into consideration the advancement of parts
as a feature of the plan cycle of an undertaking. The Finite compo-
nent investigation (FEA) is broadly utilized for the perplexing cal-
culations where customary examination techniques can’t tackle
the issues as FEA partitions the difficult calculations into more
modest parts (components). Finite component investigation of
shoulder filleted shaft exposed to loading (axial) is done utilizing
SOLIDWORKS 19.0. Simulation can give exact, solid outcomes for
a wide scope of study types from fundamental direct static exam-
ination to more perplexing nonlinear and dynamic investigation.
Accelerate the emphasis and prototyping period of your configura-

Table 1
Material properties of 1023 Carbon steel sheet (SS).

Property Value Unit
Density 7858.000032 kg/m3
Poisson’s coefficient 0.29 -
Modulus of rigidity 79999.99987 MPa
Elastic modulus 204999.9984 MPa
Tensile strength 425.0000032 MPa
Yield strength 282.68049 MPa
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Model namePart1 von Mises (N/mmA2 (MPa))
Study name:Static 2(-Default:
Plot type: Static nodal stress Stress1 1340

Deformation scale: 1 l
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Fig. 7. Equivalent (Von Mises) stress for r = 0.02 m (D = 0.2 m and d = 0.15 m).
Fig. 5. Meshed model of shoulder shaft.

Madel name:Part1 von Mises (N/mmA 2 (MPa)) Model name:Part1 von Mises (N/mm* 2 (MP3))
Study name:Static 2(-Default-) Study name:Static 2(-Default-)
Plot type: Static nodal stress Stress1 1526 Plot type: Static nodal stress Stress1 1247
Deformation scale: 1 Deformation scale: 1
1406 1154
L 1285 L 1.060
. 1165 . 0967
. 104 . 0874
. 0924 _ o781
0803 0688
0682 0594

L 0562 L 0501

L 0441 | 0408

0321 0315

020l 0222

o

Fig. 8. Equivalent (Von Mises) stress for r = 0.03 m (D = 0.2 m and d = 0.15 m).
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Fig. 6. Equivalent stress (Von Mises) for r = 0.01 m (D = 0.2 m and d = 0.15 m).

tion interaction with Simulation Model has been developed in the
solid Works and there is external load acting on the body is

Model name:Part1 von Mises (N/mm*2 (MPa))

15,000 N. Meshing is one of the critical parts to getting exact out- e e e 214

comes from a FEA model. The meshing information is shown in EYcmen et ' s
Fig. 5. The much fine meshing is created on the fillet surface. | 1000

The after effects of the finite element study are introduced and . 0oz
analyzed for shoulder filleted shaft. Complete four diverse fillet . 0835
range models are ready, dissect and mimicked. Figs. 6, 7, 8 and 9 . o747
shows different FEA result of a shaft with shoulder filet under axial 0660
loading. Here, for analytical reason, the applied burden is viewed as o572
steady as 15,000 N for all cycles with various fillet range, and the e
D/d ratio is same for all iteration. The result has been calculated oot
from the change in maximum stress from all four different fillet i
radiuses. The maximum stress represented as von Mises stress. -
Von Mises stress is a quantity used to decide whether a given
material will yield or crack. It is for the most part utilized for flex-
ible materials, like metals. The Von Mises yield model expresses
that if the Von Mises stress of a material under load is equivalent Fig. 9. Equivalent (Von Mises) stress for r = 0.04 m (D = 0.2 m and d = 0.15 m).

0.135

— vield strength: 282.685

Table 2
Maximum stress comparison obtained by FEA &theoretical maximum stress obtained with the help of Peterson SCF graph [5] under axial loading.

D (m) D (m) Radius of fillet, r (m) Load value P (N) Theoretical SCF (Kt) Theoretical stress Equivalent stress Percentage deviation (%)
(maximum) (MPa) (von misses)(MPa)

0.20 0.15 0.01 15,000 1.93 1.601 1.526 4.68

0.20 0.15 0.02 15,000 1.66 1.394 1.340 3.87

0.20 0.15 0.03 15,000 1.52 1.276 1.247 2.27

0.20 0.15 0.04 15,000 1.43 1.201 1.184 1.41
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or more noteworthy than the yield furthest reaches of a similar
material under straightforward strain then the material will yield.

From the FEA results, identical Von Mises stresses of shoulder
filleted shaft are recognized and used them for comparative study
from the maximum stress obtained from analytical method. All the
results of FEA for equivalent von misses and the result calculated
from the analytical method are showed in the Table 2, also its con-
trast are made with maximum stress obtained from FEA and ana-
lytical method.

3. Results and discussion

There is no such thing as a personal choice. The appropriate fil-
let radius of the shoulder shaft will provide minimum element of
stress of a given geometry. Therefore, an effort was made to
improve the condition preference of radius of fillet of the filleted
shaft (shoulder) to perform give the idea about the maximum
stress concentration. The calculation for the maximum stress from
the both method mentioned in Table 2, By increasing the value of
fillet radius there is less amount of stress being applied from the
both method (theoretical and FEA).

From Table 2, the results obtained by the finite element analysis
and theoretical analysis are approaching toward the same value
when the value of radius increased.

4. Conclusion

Following observations are made dependent on the examina-
tion between the after effects of greatest stress acquired from
hypothetical strategy and FEA in case of shoulder filleted shaft (cir-
cular bar) under loading (axial) condition.

¢ By increasing value of fillet radius the value of maximum stress
decreasing.

o The static study shows that the level of error among analytical
and fillet component arrangements has been viewed as <5%.
And the error of percentage is decreasing by increasing the
value of fillet radius.

Materials Today: Proceedings XXx (XXXX) XXX

o The value of theoretical stress concentration factor have been
calculated by the RE Peterson chart, this could be the reason
for the variation in the both result that have been calculated
by the theoretical and the analytical method.
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