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ABSTRACT 

This paper uses ANSYS based Optimality Criterion to handle the topology optimization of linear elastic isotropic 2-D beam and 

ring type structures. ANSYS is finite element solver software which determines optimal topology of the structures. For given 

volume uses fraction the topologies are obtained for the structures. Minimization of compliance is the objective of the present 

work. Also, optimized structures, deformed and un-deformed shape and von misses stress for all the structures were studied. 

ANSYS employs topology optimization using the Solid Isotropic Material with Penalization (SIMP) scheme for the penalization 

of the intermediate design variables and the Optimality criterion for updating the design variables.  
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1. INTRODUCTION 

In the past two decades various topology optimization 

techniques have been developed for finding the topologies of 

the structures. Topology optimization is a broad area of 

research in the field of engineering at the earlier design stage. 

Topology optimization is the important part of the structural 

optimization and it can find out the best way of loading in 

infinite topology combinations and save most of the material 

due to which cost of material minimizes. One of the main 

target of structural topology optimization is to determine the 

best distribution of material within a given domain [6]. In 

topology optimization the method called Solid Isotropic 

Material with penalization (SIMP) has been used extensively 

due to its versatility, convergence and ease of implementation 

[7]. 

The aim of topology optimization is to find out the best 

structural layout in the earlier design stage. By the use of finer 

mesh the eminence of the optimal solution can be enhanced. 

But due to this process the computational cost becomes 

greater, which speedily influences the growth in practical 

design problem. 

Bendsoe et al. [1988] started development of topology 

optimization. They proposed a homogenization method for 

topology optimization. They assumed that the structure is 

made by a set of non homogeneous element which consists of 

solid and void regions. They obtain optimal design of structure 

under volume constraint with the help of optimization process. 

Rozvany et al. [1992] discussed a more practical class of 

problems in which the porous regions (intermediate densities) 

are suppressed and showed that a solid, isotropic 

microstructure with an adjustable penalty for intermediate 

densities is efficient in generating optimal topologies. Diaz 

and Sigmund [1995] computed the effective properties of 

strong and weak materials. It is shown that when 4-noded 

quadrilateral elements are used, the resulting topology consists 

of artificially high stiffness material which is difficult to 

manufacture. This material appears in specified manner and is 

known as the checker board pattern due to alternate solid and 

void elements. Tcherniak and Sigmund [2001] presented a 
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web-based interface for a topology optimization program. The 

program is available over World Wide Web. The paper 

discusses implementation issues and educational aspects as 

well as statistics and experience with the program.  Zhan 

Kang et al. [2011] proposed a nodal design variable based 

topology optimization which is based on element independent 

interpolation. By using Shepard interpolants the author 

constructed the material density field from the design variables 

points and these design variable points located within the 

certain influence domain of each computational point. Wang 

et al. [2014] proposed an adaptive refinement approach for 

topology optimization in which author refines the analysis 

mesh at different level and find the minimum value of 

compliance. The author uses two indicators, energy error 

indicator and the gray transitional region indicator for the 

measurement of analysis accuracy and boundary description. 

Author concluded that the refinement improves the 

computational accuracy. Xia Qi et al. [2015] presented the 

shape and topology optimization of structures subjected to 

pressure load is solved by using a level set method. The free 

boundary and the pressure boundary are represented separately 

by two level set functions, and they are independently 

propagated during the optimization. In order to apply pressure 

load on a pressure boundary that contacts the boundary of the 

reference domain, a Boolean operation is introduced.  The 

optimization problem of minimum compliance with perimeter 

regularization is considered. In order to find the effect of 

variation of pressure boundary and free boundary on the 

compliance of a structure, the material derivative and the 

adjoint method are employed in shape derivative analysis. The 

finite element analysis is done through an Eulerian method by 

employing a fixed mesh and an artificial weak material that 

represents void. 

In present work, four linear elastic isotropic structures were 

studied for compliance, optimized structure, deformed and 

undeformed shape and von misses stress. All the results are 

obtained by ANSYS based OC approach. 

 

2. THE OPTIMALITY CRITERION 

APPROACH 

Optimality criteria are necessary conditions for minimality of 

the objective function and these can be derived by using either 

variational methods or extremum principles of mechanics. 

Optimality criteria (OC) method was analytically formulated 

by Prager and co-workers in 1960. It was later developed 

numerically and become a widely accepted structural 

optimization method (Venkaya et al. 1968). 

OC methods can be divided into two types. One type is 

rigorous mathematical statements such as the Kuhn-Tucker 

conditions. The other is algorithms used to resize the structure 

for satisfying the optimality criterion. Different optimization 

problems require different forms of optimality criterion.  

The discrete topology optimization problem is characterized 

by a large number of design variables, N in this case. It is 

therefore common to use iterative optimization techniques to 

solve this problem, e.g. the method of moving asymptotes 

optimality criteria (OC) method, to name two. Here we choose 

the latter. At each iteration of the OC method, the design 

variables are updated using a heuristic scheme. 

 

The Lagrangian for the optimization problem is defined as: 

 

 

Where, , , , and  are Lagrange multipliers for the 

various constraints. The optimality condition is given by:  

 

Now, Compliance, 

 

Differentiating eq. 3.8 w. r. t. , the optimality condition can 

be written as: 

 

 

The Compliance sensitivity can be evaluated as using eq. :  

 

Based on these expressions, the design variables are updated 

as follows: 
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…….................. (6) 

Where,  is called the move limit and represents the 

maximum allowable change in  in a single OC iteration. 

Also,  is a numerical damping coefficient, and is usually 

taken to be . The Lagrange multiplier for the volume 

constraint , is determined at each OC iteration using a 

bisection algorithm.  is the value of the density variable at 

each iteration step.  is the displacement field at each 

iteration step determined from the equilibrium equations. 

 

3. STRUCTURES DESCRIPTION AND 

BOUNDARY CONDITION 

An overhanging beam has been taken with uniformly 

distributed load in this paper for the topology optimization. 

The structure having different material properties like Young’s 

modulus and Poisson’s ratio. The structure were optimized by 

ANSYS based OC approach method and then the optimal 

topology, compliance value, deformed un-deformed shape and 

von misses stress has been studied. 

 

3.1 Model 1 

The overhanging beam of dimension in the ratio of 6:1 has 

been taken with uniformly distributed load of 20 KN/mm. 

Young’s modulus, Poisson’s ratio load, mesh size and volume 

usage fraction are given in the following Table 1.1. The 

structure with boundary condition is shown in the figure 1.1. 

 

Fig.1.1: Geometry and boundary condition 

TABLE-I 

MATERIAL PROPERTIES, LOAD USED AND VOLUME 

USAGE FRACTION FOR MODEL 1 

Young’s 

Modulus 

 

 

Poisson’s 

ratio  

Load 

(KN/mm) 

Volume 

usage 

fraction 

Mesh 

size 

200 0.29 20 50% 150, 50 

 

After optimizing the structure with ANSYS based OC 

approach method the optimized shape is obtained which is 

given in the following figure 1.2. The compliance value is 

obtained for the structure is 0.48204x 10
6
 N-mm after 32 

iteration. The compliance value starts from 1.2244x10
6
 N-mm 

and after second iteration converges to 0.63696 x10
6
 N-mm 

which drops to 0.49583 x10
6
 N-mm after twelfth iteration and 

finally converges to 0.48204 x10
6
 N-mm after 32 iterations.  

 

  Fig. 1.2: Optimized structure of overhanging beam with 

UDL  

 

Fig. 1.3: Variation of compliance with iteration 

Figure 1.3 shows the graphical representation between 

compliance and no. of iteration. The abscissa shows the 

iteration value and ordinate shows the compliance value. The 

graph shows that the compliance value decreases from 1.2244 

x10
6
 N-mm to 0.48204 x10

6
 N-mm and gives an optimized 

structure after 32 iterations. 

 After obtaining compliance and optimal shape we have 

obtained von misses stress which is shown in the figure 1.4. At 

the point of loading maximum stress occurred. The given 

figure 1.4 shows the von misses stress distribution over the 

beam. Initial structure with von misses stress has shown in the 
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figure below. The maximum von misses stress is 

0.200x10
7
N/mm

2
. 

 

 Fig. 1.4: Von misses stress induced in structure  

Now the deformed and undeformed (initial structure) shape is 

shown in the figure 1.5 below. The black portion shows the 

initial structure and the blue portion shows the deformed 

structure of the beam. 

 

 

Fig. 1.5:  Deformed and undeformed shape obtained by 

OC in ANSYS  

3.2. Model 2 

A half ring of inner radius 3 mm and outer radius 10 mm with 

uniformly distributed load of 1 N/mm has been taken. The half 

ring with boundary condition is shown in the figure 2.1. The 

material properties like Young’s modulus and Poisson’s ratio 

are given in the following Table 2.1. The same is calculated 

for the half ring.  

 

Fig.2.1: Geometry and boundary condition 

 

TABLE-I 

MATERIAL PROPERTIES, LOAD USED AND VOLUME 

USAGE FRACTION FOR MODEL 1 

Young’s 

Modulus 

 

 

Poisson’s 

ratio  

Load 

(KN/mm) 

Volume 

usage 

fraction 

Mesh 

size 

1000 0.3 1 50% 150, 50 

The compliance value is obtained for half ring is 3.8219 N-

mm after 31 iterations. The compliance value starts from 

9.9041N-m and after third iteration converges to 4.9401 N-

mm which drops to 3.9768 N-mm after fifteenth iteration and 

finally converges 3.9768 N-mm after 31 iterations. 

 

Fig. 2.2: Optimized structure of half ring with UDL  

 

 

Fig. 2.3: Variation of compliance with iteration  

 

Figure 2.3 shows the graphical representation between 

compliance and no. of iteration. The abscissa shows the 

iteration value and ordinate shows the compliance value. After 

obtaining compliance and optimal shape we have obtained von 

misses stress which is shown in the figure 2.4. At the point of 

loading maximum stress occurred. The maximum von misses 

stress is 34.338 N/mm
2
. 

 

Fig. 2.4: Von misses stress induced in structure  

 Now the deformed and un-deformed (initial structure) shape 

is shown in the figure 2.5 below. The black portion shows the 
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initial structure and the blue portion shows the deformed 

structure of the half ring. 

 

Fig. 2.5: Deformed and unreformed shape obtained by OC 

in ANSYS  

 

4. RESULT 

In this paper the objective is to reduce the compliance of the 

structures. The volume usage fraction has taken for both the 

structure is 50%. In both the cases the compliance is reduced 

and an optimized structure was obtained. Effect of von misses 

is also studied. Following results have been obtained. 

1. For overhanging beam compliance was reduced from 

1.2244N-mm to 0.48204 N-mm. Thus compliance 

reduced by 60.63%. 

2. For overhanging beam compliance was reduced from 

9.9041 N-mm to 3.8219 N-mm. Thus compliance 

reduced by 61.41%. 

 

5. CONCLUSIONS 

In this paper two computational models has been presented for 

topology optimization. All the two models are of same 

material which is linear elastic isotropic material. The models 

were optimized by using ANSYS based OC approach method 

and gives better results. In this work, a commercially available 

finite element solver ANSYS 12.0 has been used to determine 

the optimal topology of the structures. The aim is to minimize 

the compliance of the structure which is fulfill by the OC 

method. This paper concluded that topology optimization is 

very important part of design optimization and can optimized 

the most complex design of the structure. 
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