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ABSTRACT

Topological optimization may be defined as the pescof obtaining the best possible results amongpassible results under
given circumstances. The topology optimization geaith finding the optimal material distribution & design domain while
minimizing the compliance of the structure. In thpaper, a software based approach for topologymigdtion of three
benchmarked plane stress models structures ismegsthrough a commercially available finite elemsoftware ANSYS. The
results of the ANSYS based Optimality criterion aadidated and compared with the results obtaingd dvel Set method.
ANSYS makes use of topology optimization with thedphof the Solid Isotropic Material with Penalizati(SIMP) scheme for the

penalization of the intermediate design variables.

Keywords: Optimization, SIMP, Topology.

1. INTRODUCTION

Design optimization is a subject which has captuhedminds
of researchers for many years. During recent decegkearch
on this area has provided methods for design paeain&tion,

automated finite element mesh generation and mattiesth
programming. The only known quantities in the peoblare
the applied loads, the possible support condititims,volume
of the structure to be constructed and possiblyesaduitional
design restrictions such as the location and sizarescribed
holes or solid areas. In general, the optimizatmh an

objective function (cost/weight) is basically theximization

or minimization of a problem subjected to constsifStress,
deflection etc.).In an optimization problem, vasosolutions
are compared and contrasted with each other andoése
result is sought. In this paper, a software baggataach for
topology optimization of three benchmarked planeess

models structures

available finite element software ANSYS. The resuf the

ANSYS based Optimality criterion are validated and

compared with the results obtained by Level Sehoubt

VOLUME-2, ISSUE-5, MAY-2015

is presented through a commbrcial

1.1 Solid Isotropic Material with Penalization
Approach (SIMP):

The SIMP method is the basis for the design parenizetion
in topology optimization. The goal is to create iopg of
uniform material distribution to minimize a speciftructural
property (e.g. compliance). In this method, a diszed (e.g.,
finite element) model of the structural domain asven in

figure 1 is used to perform the structural analyaisd

optimization.
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Fig..1: Discretized model of the structural domain

2. MATERIAL AND METHODS

By treating the non-dimensional density of eacimelet as an

independent design variable and relating the offtersical
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and engineering properties to element density,sapaterized
model is developed that can be used to find sucheasties as
permeaghil
porosity, etc . Theoretically, the non-dimensiothahsity takes

stiffness ,thermal conductivity, magnetic
a value of one or zero for a solid or void elemesgpectively.
The stiffness of any element is related to the nwtstiffness
by a power-law. Using this power law, the internageli
relative densities are penalized. This penalizagonlves a

solid-void topology.

2.1 Selection of Element Types and Meshing
which  ANSYS

optimization is Plane 82. Plane82 is an 8-node elegmwith 4

The element supports  for
nodes at each corner of the quadrilateral and ésaticenters
of the edges of quadrilateral as shown in figur&&ch node
has 2 degrees of freedom. Plane82 elements hawalenkc

properties for most of the applications. They hguadratic

topology
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usage fractiol;) used. The material properties and loads

used are given in table 1.

Table 1 Material Properties and load used

Load (N)

Poisson’s ratio(v)

Young’s Modulus (E) (m':lnz)

(a) Model 1

This case comprises of a L-shaped beam with awentical
concentrated load t=1 N applied at the middle poihthe
right side. The beam here is being optimized fonimum
compliance. The beam is fixed at the top. The madraction
usage is 50%. The beam is under a state of plaeessThe
complete model is shown in figure 3.

(b) Model 2

Here a L-shaped beam with a unit vertical concéedrdoad
t=1 N applied at the tip of the right side of theaim. The beam

is under a state of plane stress and is suppotti dop by a

shape functions.

fixed support. The beam is under a state of pldress and
volume fraction usage is 50%. The complete modshiswvn
in figure 4.
(c) Model 3
A Michell

structure having dimensions 2mmXlmm is
considered in this case. A unit vertical load t=$Mpplied at
the middle point of the bottom side. A volume uségetion

of 30% is used here .

(11011111

0.6

Tri-option |

Fig 2: Plane82 element with quad and tri-options
0.4

2.2 Specimen Geometries Used

In the present investigation, three specimen gewsseand o
boundary conditions applied have been used as shown Fig-3.: Geometry and boundary conditions for Matlel
figures 3 to 5. The specimens are taken from thek\eb Qi

Xia et al. [2012].

Each of the five models are characterized by thitefielement

descritization in n,) and yn,) directions and the volume
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I, The optimal topologies obtained with ANSYS based &t

level set method are shown in the figure 6 for dgeeelement
length of 0.025.
Initial compliance obtained in the first iteratiaa 423.80

0.6
i Nmm, which drops to 324.48 Nmm in second iteratom

234.49Nmm in the third iteration. The final complie
l f obtained with the help of ANSYS based OC is 167 194N

04 after 36 iterations. On the other hand, the lewtl rmethod

gives a final compliance of 175after 800 iteratioihe

optimal criterion based on ANSYS reaches a moraémgpbt

Fig-4: Geometry and boundary conditions for Model 2 solution after less number of iterations.

2
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Fig-5: Geometry and boundary conditions for Model 3

3. RESULT AND DISCUSSIONS
The final compliance and optimal shape of the nm®del
obtained with the help of gradient based ANSYS base
Optimality Criterion have been compared with a leset
method. Here the work is described step by stem fthe
definition of the problems to the analysis of thesuiting
design and evaluation of the used method. Desatiitiz of
the model in X and Y directions is done with 8-nadangular
and quadrilateral elements. For each model material

properties, volume fraction usage, convergencer@i and

meshing conditions has been described.
Each of the three models are characterized by ihite f

element descritization in(x,) and y(n,) directions and the ) )
Fig.-6: Optimal shapes obtained by (a) ANSYS bad€dand

olume usage fraction sed.
volume usag lon Gyu (b) Level Set Method

For model 1, Table 2 shows the final complianceaivigd in
the case of ANSYS based OC and level set method.
For model 2, Table 3 shows the final complianceaivied in

Table2: Comparison between OC and Level Set for model 1the case of ANSYS based OC and level set method.

Method Compliancd  Von-mises stress _Iterafjon | € optimal topologies obtained with ANSYS based &
ANSYS based OC 167.94 85.675 36 level set method are shown in the figure 7 belowacedge
Level set method 175 86 800 element length of 0.025

Percentage difference  4.03 377

Table 3: Comparison between OC and Level Set fateh®
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Method Compliance | Von-mises | Iteration edge element length of 0.025 and and a volume usaggon
stress of 30%.
ANSYS based OC 173.67 86.13 32
Level set method 190 87 800 Table 4 Comparison between OC and Level Set for model 3
Percentage 8.594 1 Method Compliance | Von-mises Iteration
difference stress
ANSYS based| 13.509 11.905 34
Initial compliance obtained in the first iterations oc
441.69Nmm, which drops to 326.95Nmm in second fitena Level set) 18 9 300
. S . . . method
and 239.63Nmm in the third iteration. The final qiance
. . . Percentage 24.95 24.401
obtained with the help of ANSYS based OC is 173187AN )
difference
after 32 iterations. On the other hand, the lewl method

i final li f 190 after 800 iterasioTh . . . .
gives a final compliance o ater ferasiorihe The optimal topologies obtained with ANSYS based &d

optimal criterion based on ANSYS reaches a mordmagt level set method are shown in the figure 8 fodgeeelement
length of 0.025.

Initial compliance obtained in the first iteratiae 75.801,

solution after less number of iterations.

which drops to 47.304 Nmm in second iteration a@iB&1
Nmm in the third iteration. The final compliancetaibed with
the help of ANSYS based OC is 13.509 Nmm after 34
iterations. On the other hand, the level set metfieds a final
compliance of 18 after 300 iterations. The optiroaterion
based on ANSYS reaches a more optimal solutionr &fts

number of iterations.

Fig.-7: Optimal shapes obtained by (a) ANSYS b&3€dand  Fig-8: Optimal shapes obtained by (a) ANSYS bas€dafd
(b) Level Set Method (b) Level Set Method

For model 3, a Michell structure having dimensions
2mmX1mm is considered. Table 4 shows the final d@npe VON MISES STRESS
obtained with ANSYS based OC and level set metlordaf
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Fig 9: VonMises stresses obtained by (a)ANSYS b&Ed&
(b) Level Set Method for L1

There is a stress concentration at the inner codfiethe
compliance design. Therefore stresses are caldulatethe
inner corner of the L-shaped models together witghNlichell
structure. For L1
85.6750btained through ANSYS based OC while throtingh

level set method the vonmises stress obtained is.8bhe

the vonmises stress calculated

percentage difference in between the values otilemises
stresses is .377%. The vonmises stresses are simotire

figure 9.

For L2 the vonmises stress calculated is 86.13 imduda

through ANSYS based OC while through the levelmsethod
the vonmises stress obtained is 87. The percemliffgeence
in between the values of the von mises stressd$sisThe

vonmises stresses are shown in the figure 10.
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Fig-10: VonMises stresses obtained by (a)ANSYS dh&¥e
& (b) Level Set Method for L2

For Michell
11.9050btained through ANSYS based OC while throtigh
ighe

percentage difference in between the values of/tlremises

structure the vonmises stress calcdlais
level set method the vonmises stress obtained

igtresses is 24.401%. The vonmises stresses aren shaive

figure 11.
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Fig-11: VonMises stresses obtained by (a) ANSY28&3C
& (b) Level Set Method for Michell

[7]
4. CONCLUSIONS
In this paper, we presented a optimal criteriorutoh to the
stress based topology optimization. Applicatiorthef method

2151

is demonstrated by several numerical examples of
structures. As we can see, the peak stress cafffdmtively
controlled during the optimization and the conveige of the
optimization is smooth.

Comparison and validation proves that the optimpalitterion 0]
method is not giving results that are sub-optir@@mpliance
values obtained by ANSYS based Optimality Criteriare
lower by 8 to 24.95 %than the level set method used Qy

Xia et al. [2012]. This paper draws attention to the fact that10l
the topology optimization is a very significant arte
reasonably toughest element of the design optimizat
studies. Hence, there appears a call for of stgdyapology
optimization independently. No sum of sizing andshg
optimization can fix mistakes committed in findimgptimal
distribution of material in the design sphere (lopy

optimization).
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