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ABSTRACT

The present work has been carried out to study the effect of the varying the load at different materials
(Aluminium Alloy 7075-T6, stainless steel 305 and Structural Steel 345w) on deflection. The simply supported
beam has been subjected to varying load 5000N — 10000N and cantilever beam has been subjected to varying
load 500N-1000N. The result obtained is in form of Directional Deflection and Equivalent Stresses. This analysis
is done by the ANSYS Workbench 15.0 software under the static structural analysis further this result has been
optimized using TAGUCHI METHOD using MINITAB17.
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I. INTRODUCTION Cantilever beam:

Beam is a half mast or horizontal structural limb A cantilever beam is fixed at one end & free at other

casing a gap among one or additional supports, & end. It can be seen in the image below.

carrying vertical loads across (transverse to) its

longitudinal axis, as a purlin, girder or rafter. Three i |

=25

e Simple span, supported at both ends I |

main kinds of beams are:

¢ Continuous , supported at more than two points . .
. . Figure 1: Simply Supported Beam [18]
e Cantilever , supported at one end with the other

end overhanging & free. | I |

Simply supported beam: |

I
| |

A simply supported beam is a type of beam that has Figure 2: Cantilever Beam[18]

pinned support at one end & roller support at the
other end. Depending on the load applied, it
undergoes shearing & bending. It is the one of the

simplest structural elements in existence.
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Overhanging beam: An overhanging beam is a beam
that has one or both end portions extending beyond
its supports. It may have any number of supports. If

viewed in a different perspective, it appears as if it is
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has the features of simply supported beam &

cantilever beam.

Continuous beam: A continuous beam has more than
two supports distributed throughout its length. It can
be understood well from the image below.
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Figure 3: Overhanging Beam [18]

Ly

Ly

| |
i <o
| | |
| | I
Figure 4: Continuous Beam[18]

Fixed beam:

As the name suggests, fixed beam is a kind of beam

whose both ends are fixed.

Figure 5: beam whose both ends are fixed.

II. METHODOLOGY

Ansys are founded on the concept of FINITE
ELEMENT ANALYSIS. It is an approximate solution
of Engineering Problems . There are three main
approaches to constructing an approximate solution
founded on the concept of FEA:

e Direct Approach This approach is used for

relatively simple problems, and it usually serves as
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a means to explain the concept of FEA and its

important steps.

Weighted Residuals This is a versatile method,
allowing the application of FEA to problems that’s
functional cannot be constructed. This approach
the

equations, such as those of heat transfer and fluid

directly utilizes governing differential

mechanics.

e Vibrational Approach This  relies on the
calculus of variations, which involves
extremizing a  functional. This functional

corresponds to the potential energy in structural

mechanics.

NODES [19]:

The transformation of the practical engineering
problem to a mathematical representation is achieved
by discretizing the domain of interest into elements
(subdomains). These elements are appended to each
other by their “common” nodes. A node specifies the
coordinate location in space where degrees of
freedom and actions of the physical problem exist.
The nodal unknown(s) in the matrix system of
equations represents one (or more) of the primary
field variables. Nodal variables assigned to an element

are called the degrees of freedom of the element.

ELEMENTS:

Depending on the geometry and the physical nature
of the problem, the domain of interest can be
discretized by employing line, area, or volume
elements. Some of the general elements in FEA are
shown in Fig. 4.1each element, discern by an element
number, is defined by a specific sequence of global
node numbers. The specific sequence (usually counter
clockwise) is founded on the node numbering at the
element level. The node numbering sequence for the

elements shown in Fig.
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]o——-e 2
line element

t, . s S

triangular rectangular quadrilateral

area elements

tetrahedral right prism irregular hexahedal

volume elements

Figure 6 : Description of line, area, and volume

element with node number at element

Level [19]
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Figure 7: system of linear spring (top) and
corresponding FEA model (bottom)[19]
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Figure 8: Discretization of a domain: element and

node numbering[19]
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Figure 9: Free body Diagram of a linear spring

Element

MATERIAL PROPERTIES:
For each element type, there are a minimum number
of required material properties. This number depends

on the kind of analysis. The material nature may be:
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e Linear or nonlinear.
e Isotropic, orthotropic, or anisotropic.

e Temperature dependent or independent.

All material nature can be input like functions of
temperature. Some natures are called linear properties
because typical solutions with these natures need only
a single iteration. This means that the properties
being used are neither time nor temperature
dependent, and thus remain constant throughout the

analysis.

In the presence of variable material properties, the
nonlinear characteristics of the properties must be
specified. For example, a material exhibiting plasticity,
vis-plasticity, etc., requires the specification of a
nonlinear stress-strain relation. Each material
property set has a reference number, the same as the
element kinds & real constants The Help System
should be consulted for the specification of nonlinear

material properties.
ITII. CALCULATION AND RESULTS

CASE 1- SIMPLY SUPPORTED BEAM WITH
UNIFORM DISTRIBUTED LOAD

ubL _ W=5KN/m
—

1000 mm

Figure 10 : Bending test Setup

Mathematical calculation:
According to given data we can calculated the
maximum deformation (Y), Bending Moment (M) and
stress (o)

e W=5KN/m

=57*1000=5000 N
e L=1m=1000m

e b=t=40mm
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. E=2107103N/ mm?

e I=bt3/12

=213333.33 mm*

Y = -5wl¥/ 384 * EI

= -1.4532 mm
e M=(wl?)/8
= (5*1000%1000)/8
= 625000 N-mm
M o
® _— = —
Iy

o = 58.59 N/mm?

CASE 2- SIMPLY SUPPORTED BEAM WITH
CENTRAL LOAD.

Central load

500 mm 500 mm

1000 mm

Figure 11: Bending test Setup
Mathematical Calculation

According to given data we can calculated the
maximum deformation (Y), Bending Moment (M) and
stress (0)-

e W-=5KN/m

=571000=5000 N
e L[L=1m=1000mm

e b=t=40mm
« E=210*103N/mm?
e I=bt3/12

=213333.33 mm*
Y = -wl3/ 48 * EI
= -2.325 mm
e M= (wl?/4
= (5*1000%1000)/4
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= 1250000 N-mm

M
o —
I

< la

o =117.18 N/mm?

Case 3- Cantilever beam with point load.

Point load l
g I 1
1

r

1000 mm

Figure 12: Bending test Setup

Mathematical Calculation:
According to given data we can calculated the
maximum deformation (Y), Bending Moment (M) and
stress (0)

e W=500N

e L=1m=1000m

e b=t=40mm

. E=210*103N/ mm?
e I=bt?/12

=213333.33 mm*

Y= -WL3¥ 3*EI
= -3.720mm
e M=(WL)
= (500*1000)
= 500000 N-mm
M o
Y —_—
Iy

0 = 46.88 N/mm?

TAGUCHI METHOD

Taguchi Method is a new engineering design
optimization methodology that improves the quality
of existing products and processes and simultaneously
reduces their costs very rapidly, with minimum
engineering resources and development man-hours.
The Taguchi Method achieves this by making the

product or process performance "insensitive" to
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variations in factors such as materials, manufacturing

equipment, workmanship and operating conditions.

Taguchi methods (Japanese) are statistical methods, or
sometimes called robust design methods, developed
by Genichi

manufactured goods, and more recently also applied

Taguchito improve the quality of

to engineering,!

Taguchi's use for manufacturing

Taguchi realized that the best opportunity to
eliminate variation of the final product quality is
during the design of a product and its manufacturing
process. Consequently, he developed a strategy for
quality engineering that can be used in both contexts.

The process has three stages:
e System design

e Parameter (measure) design

e Tolerance design

The significant thermal behaviour of the compound

was determined from the initial degradation
temperature which is taken as the temperature at
which degradations started and the residue weight

percentage denoted as char.

Initial degradation temperature was 150°C and final

degradation temperature was 600°C.

VALIDATION OF ANSYS RESULT USING
TAGUCHI METHOD STRUCTURAL STEEL 345W
Selecting factors are length, section and load for

taguchi analysis.

Table 1: For Structural Steel 345w

Load
Factor Length (m) Section (N)
level
1 0.5 I-section 500
2 1 Rectangular | 600
3 15 Square 700
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After applying taguchi technique for L9 Array for

three factors, The table given bellow

IV.CONCLUSION

The present work has been carried out to study the
deflection of beam on applied load of 5000 N to 10000
N of simply supported beam with UDL, simply
supported beam with point load and applied load of
500N to 1000N on cantilever beam. The calculation
has been made theoretically as well as using ANSYS
WORKBENCH 15 and TAGUCHI METHOD. Taguchi
method applied on the result of deflection for
validation of deflection result use for manufacturing
technique. From the obtained result it can be
concluded that out of Aluminum alloy 7075-T6, Gray
cast Iron, Stainless steel 305 and Structural Steel 345w,
has minimum deflection and maximum bending stress

in all loading conditions.

A. Material Study:

I. We took the different materials Aluminium Alloy
7075-T6, stainless steel 305and Structural Steel 345w.
II. specified the material properties, applied meshing
and boundary condition.

B. Mathematical Investigation:

According to beam and load type we applied the
mathematical formula and then got the deflections
and stresses.

C. Ansys Investigations:

We got very closer values of the deflections and
stresses through the ansys workbench.

D. Suggestions for Future Study:

I. We can investigate to take any other cross-sections
or different length of beams.

II. This can be extended to include coating of any

materials, composite materials etc.

V. REFERENCES

[1]. Singiresu S. Rao, the Finite Element Method in

Engineering, 2011, Butterworth-

Heinemann,USA

s L


https://en.wikipedia.org/wiki/Japanese_language
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Genichi_Taguchi
https://en.wikipedia.org/wiki/Taguchi_methods#cite_note-1

[10].

[11].

Mulayam Kumar et al Int J Sci Res Sci Eng Technol. July-August-2019; 6 (4) : 238-243

Rosa, Jorge Luiz; Robin, Alain; Silva, M. B.;
Baldan, Carlos Alberto; Peres, Mauro Pedro
Journal of Materials Processing Technology. 209
Kailash C. Bhosale“Investigates Analysis of
bending strength of helical gear”(Maharashtra)
India-Vol 2, No 4, 2011

Ratnadeepsinh M. Jadeja,Dipeshkumar M.
Chauhan, Jignesh D. Lakhani“Investigates
bending stress analysis of bevel gear” IJIRSET
Vol. 2, Issue 7, July 2013

Ahmad O. Moaaz “Studies Finite element stress
analysis of a heavy truck chassis plays an
important role during design stages’IJAET Nov.,
2014

AbulHasan“Studies finite element analysis and
fatigue analysis of spur gear under random
loading”.

D.Bharadwaj“Investigates numerical study on
stress analysis of curved beams”Volume 6, Issue
7, July (2015), pp. 21-27 Articles ID:
30120150607004

AnkitGautam“Investigates modal analysis of
beam through analytically and FEM” YMCA
New Delhi, 27th May 2016

Abdul RidahSaleh“Investigates about the
experimental and Mathematical analysis for
behavior of R.C” Vol.(21): 2013
Chaphalkar“Investigates about the modal
analysis of cantilever beam structure using
finite element analysis and experimental
analysis”(AJER), 2015

AnkitGautam“Studies about the modal analysis
of beam through analytically and FEM” 27 May
2016

. Kailash C. Bhosale“Investigated that in helical

gear the engagement between driver gear and
driven gear teeth begins with point contact and
gradually  extends along the  tooth
surface”Volume 2, No 4, 2011

. Ratnadeepsinh M. Jadeja “Investigate the

analytical calculation and analysis in ANSYS of
straight teeth bevel gear”Volume 2, 2013

[14]. P. Moulali“Acomparative study between
composite leaf spring and steel leaf spring with
respect to stress, deformation, life, and damage
and safety factor’"March 2014.

[15]. ShaikGulamAbulHasan“Research a  modal
analysis on spur gear under random loading &
fatigue analysis” July, 2015

[16]. Sameer Chakravarty NC & B
Subbaratnam“They are analysed for random
even under loading & continuous dimension
fatigue analysis & loading conditions for life
gear has been obtained by the finite element
ANSYS package” 2014

[17]. D. Bharadwaj, A. Purushotham“Research a
numerical study on stress beams ANSYS
software to determine these values for curved
beams, cross section selected for curved beam is
a rectangle”Volume 6, Issue 7 July (2015)

[18]. http://mechteacher.com/beam/#ixzz4aEQpmGu
D (accessed 26 Feb. 2017)

[19]. ErdoganMadenci and Ibrahim Guven, 2015, the
Finite Element Method and Applications in
Engineering Using ANSYS, Second Edition,
Springer, Yew York

Cite this article as :

Mulayam Kumar, Dr. Simant, Vijay Gupta, " TO
OPTIMIZE THE DEFLECTION OF BEAMS BY
CONDUCTING BENDING TEST USING ANSYS
WORKBENCH 15", International Journal of Scientific
Research in Science, Engineering and Technology
(IJSRSET), Online ISSN : 2394-4099, Print ISSN :
2395-1990, Volume 6 Issue 4, pp. 238-243, July-
August 2019. Available at doi :
https://doi.org/10.32628/IJ]SRSET196429

Journal URL : http://ijsrset.com/IJSRSET196429

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com) 243


https://doi.org/10.32628/IJSRSET196429
http://ijsrset.com/IJSRSET196429

