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ABSTRACT: Optimization is used to obtain an effective shape of a structure. Hence it helps to obtain an economical 

section. Starting from the classical optimization technique, now it has reached the stage of advanced optimization 

techniques. These techniques are implemented using advanced software operations in which  optimization can be done 

easily. Optimization techniques are mostly applied using a single software. In this paper an advanced optimization 

technique, Genetic Algorithm(GA) is implemented by coupling MATLAB and ANSYS. Thus the finite element 

analysis of ANSYS cab be effectively utilized in the search algorithm in MATLAB.  In this paper a tapered hollow 

cantilever beam is optimized using the above methodology. It  helps  to obtain an optimum design complying with the 

design constraints . The volume of the cantilever beam  is optimized under constraint of  stress limited to the yield 

stress. From the optimized result it was seen that the volume of the structure got reduced considerably.  The results 

obtained showed better optimization of the beam. 
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I. INTRODUCTION 

 

Earlier, the engineers experience and their intuitions played the key role in designing a structure. But in the present 

stage, there are numerous techniques that helps to create an economical section, in which optimization techniques are 

the most efficient method. Optimization helps to achieve  a feasible design, for a specified design objective. There are 

many optimization techniques based on mathematical programming to obtain optimum solutions. In the advanced 

optimization techniques, the “Genetic Algorithm” (GA) is the most popular method. It is based on the theory of natural 

selection and  genetics.  

 

 The study done by Prabhavati, P. and et al.,[10], showed that  MATLAB Programming code can be developed 

for the analysis of dome and thus to implement Genetic Algorithm. But as the analysis is not carried out in a Finite 

Element software, the analysis results will be less accurate. In the paper done by CAZACU, R., and et al.,[1], the 

optimization is done by using ABAQUS software and MATLAB. The results from ABAQUS was used to obtain the 

optimum value in the MATLAB using Genetic Algorithm.  In this thesis structural optimization is done by coupling 

MATLAB and ANSYS for the optimization of beam structure. Genetic Algorithm (GA) is implemented in MATLAB. 

If the mass of a beam is reduced, it improves the overall performance characteristics and reduces the cost of production. 

MATLAB is a powerful program that have a number of inbuilt optimization techniques. It can also run any user 

defined optimization algorithm.  And ANSYS  is an excellent Finite Element Method (FEM) software, hence modelling 

and analysis results will be more accurate. Thus the  optimization tool so developed becomes a powerful optimization 

technique. In addition, the user can easily modify  the parameters for optimization and its geometry. The constraints 

can be easily programmed in MATLAB coding. Interfacing MATLAB and ANSYS is extremely advantageous as it is 

done automatically. Also the optimization code does not require any user intervention until it reaches the optimum 

value. 
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II. OPTIMIZATION 

 

Optimization is the process of finding one or more feasible solutions which corresponds to extreme values of one or 

more objectives. As the constructions are growing at a tremendous rate, the materials must be used judiciously to save 

for the future. Hence it is important for the structural engineers to concentrate on optimum designing of the structures. 

With a reference to structural problem it is always either minimizing or maximizing a certain characteristic of structure 

like cost,  weight, or performance of the system. This is to be achieved without sacrificing any of the functional 

requirements like stresses, deformation, load capabilities, etc. Thus, the optimization techniques can be adopted to 

those problems where there is a need to create a better structure. The basic optimization terms are: 

Design variables (DV): DVs are independent variables that are modified to achieve the optimal design.  

State variables (SV): SVs are the dependent variables that constrain the design. They are functions of the design 

variables.  

Objective function (F): It is the dependent variable which is to be minimized.It is always  a function of the DV.  

III. GENETIC ALGORITHM 

 

Genetic Algorithm (GA) is a technique used to obtain solutions to optimization problems within a search space. They 

are evolutionary algorithms that use techniques which are inspired from evolutionary biology such as selection, 

mutation, and crossover. They are  implemented as a software simulation. The population is an  abstract representations 

(called chromosomes) of individuals, which are the possible solutions for an optimization problem that directs  toward 

better solutions.  

 The reason to  choose GA is mainly due to its simplicity and broad applicability to problems.  It can easily be 

applied to work on various  problems, when compared to traditional search methods. GA does not make any 

assumption nor it is constrained by the objective functions. GA works by evaluation of functions rather than its 

derivatives. Hence it can deal with discrete variables and easily work on complex search spaces. The Genetic 

Algorithm Toolbox in MATLAB helps to use the GA on a wide range of problems. The toolbox have options, like 

selection, mutation, crossover and migration operators, and has a inbuilt graphical interface. 

IV. INTERFACE MATLAB AND ANSYS 

 

The aim is to optimize the volume of the tapered hollow  cantilever beam under constraint of limiting the stress to the 

yield stress. The analysis of beam is  carried out in ANSYS. ANSYS is coupled with MATLAB. The software helps to 

program finite element model by using a text file to automate the optimization methodology. The coupling between 

MATLAB and ANSYS is done by a line-code. 

 

A. Algorithm for size optimization 

 

In this thesis work optimization toolbox is used to implement genetic algorithm. The following are the points 

summarizing  the interfacing process of ANSYS and MATLAB:  

1. Initially the algorithm creates a random  population.  

2. This initial population then becomes  the scalar parameter for ANSYS .  

3. ANSYS is then run in batch mode from MATLAB and  produce the output files.  

4. The output files from ANSYS is then read into MATLAB for checking the constraint conditions.   

5. If the check is satisfied then the volume is accepted, else MATLAB returns an invalid value.  

6. The algorithm then creates a new sequence of populations. In every step, the algorithm utilizes the individuals 

in the current generation to obtain the next population. The algorithm performs the following steps to create the 

new population.  

a) Scores are given to each member of the current population by computing its corresponding fitness value.  

b) Scales the raw fitness scores, which are then converted to  more usable range of values.  

c) Members, called parents, are selected on the basis of their fitness.  

d) The individuals which are having low fitness  value in the current population are selected as elite. These 

individuals are then passed on to create the next population.  
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e) The parents so created produces the children. They are produced either by crossover or by mutation.  

f) The current population is then replaced with the children and thus form the next generation.  

7. Finally the algorithm  comes to a stops when any one of the stopping criteria is met.  

 

 

B. Mathematical statement of optimization 

 

A solution to an optimization problem specifies the values of the decision variables, and therefore also specifies the 

value of the objective function. The various solutions for an optimization problem are as follows: 

 A feasible solution that satisfies all the constraints. 

 An optimal solution is feasible and provides the best objective function value. 

 A near-optimal solution is feasible and provides a superior objective function value, but not necessarily the best. 

 

An optimization problem can be stated as follows: 

To find minimum (or maximum) of function F(s),  subject to the following constraints: 

gj (s) ≤ 0, j = 1,2,……m 

hk (s) = 0, k = 1,2,…….n 

si
l
 ≤ si ≤ si

u
 , i = l,2,....n 

in which, s is the vector of design variables, F(s) is the objective function to be minimized or maximized, hk (s) are 

equality constraints and gj (s) are inequality constraints. Si
l
 and Si

u
 are lower and upper bounds. 

 

V. THE PROBLEM 

A. Initial geometry 

 

The optimization problem is the minimization of the volume of a tapered hollow cantilever beam. The objective of the 

optimization is to reduce total weight (or volume) under a constraint of maximum stress equal to yield strength. The 

element type, Beam 188 was used to model the cantilever beam. 

 

 A tapered hollow cantilever beam is modelled and meshed using beam 188 elements. The analysis and 

optimization is carried out in ANSYS. Later the analysis result of ANSYS  is coupled with MATLAB and optimized 

using genetic algorithm.  The tapered hollow cantilever beam is initially modelled as ID model using 2 key points.  

 

 
Fig 1: Schematic View 

 The cantilever beam is of length 500 mm. The cantilever beam with pipe section is loaded with a concentrated 

force of 670 N at the free end. The schematic view, as well as the magnitude of the force and the length of the beam are 

presented in Fig.1.  
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Table I : Material Properties 

 

Material Property Values 

Material density 7850 kg/m
3
 

Young modulus 2.1 x10
5  

N/mm
2
 

Poisson's ratio 0.3 

Yield strength 200 N/mm
2
 

 

 

 The material properties are as shown in Table I. The material used for the pipe is steel. It is having a density of  

7850kg/m
3
. The permissible yield strength of the beam is 200 N/mm

2
. 

 

B. Parameterization 

 

The objective of  optimization problem is minimization of the mass (or volume) of the structure. The optimization is 

carried out under the constraint of limiting the maximum stress to the yield stress. In the optimization process the 

boundary conditions are considered fixed at edges and  the optimization parameters are the sections of the beam at the 

two ends.  

 
Fig 2: Optimization Parameters of Beam 

The outer radii at the two ends (R1 and R2) and the wall thickness (t) are as shown in Fig.2. These three parameters are 

the design variables which can be varied to obtain the optimum design. The radius will be smaller at the free end and 

larger at fixed end. 

 

Table II: Parameters and their Bounds 

 

 

 

The three parameters are restricted to values between certain lower and upper values. These are listed in Table II . The 

range of radii are within 10 mm to 50 mm and of thickness is within 1mm to 5 mm.  

 

 

Parameter Name Parameter Description Allowed Bounds (mm) 

R1 Outer radius of the fixed end section 10 - 50 

R2 Outer radius of the free end section 10- 50 

R3 Pipe wall thickness 1 - 5 
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VI. RESULTS AND DISCUSSIONS 

 

The optimization was carried out under the constraint of maximum stress equal to yield stress. With this constraint the 

optimum results are obtained in the genetic algorithm toolbox. 

 

 
Fig 3: Optimization Parameters using Genetic Algorithm in MATLAB 

 The optimized values obtained by interfacing ANSYS and MATLAB using genetic algorithm is as shown in 

Fig. 3. In the toolbox we directly obtain the optimized values of design variables. It also displays the optimum value. 

The number of iterations carried out is also displayed in the toolbox. 

 

Table III: Optimized Values 

 

Parameter Name Initial Values 
Optimized values 

from MATLAB 

R1(mm) 30 25.336 

R2(mm) 15 10.000 

R3(mm) 1 1.000 

STRESS (N/mm
2
) 127.590 194.510 

VOLUME (m
3
) 6.906x10

5 
5.389x 10

5
 

Reduction in volume  21.96% 

 The optimized parameters obtained for tapered hollow cantilever beam are as shown in Table III. The 

optimization showed that by interfacing MATLAB and ANSYS 21.96% of reduction of volume is obtained for the 

given design constraints.  
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Fig 4: Cantilever beam  (a) Before optimization  (b) After optimization 

The initial and optimized cantilever beam is as shown in Fig. 4. It can be clearly seen than after optimization the radii 

are lesser than the initial radii. Hence the volume has also been reduced. 

VII. CONCLUSIONS 

 

In the present study, it can be observed that by coupling MATLAB and ANSYS advanced optimization can be done 

effectively. MATLAB provide an advanced optimization toolbox which can be easily done using simple scripts. The 

conclusions drawn from the study are as follows: 

 Significant reduction in the volume of tapered hollow cantilever beam. A reduction of 21.96% of original 

volume. 

 The geometry of the beam showed better structural behaviour after optimization. 

 The constraints can be easily added or modified using simple scripts in MATLAB. 

 Genetic Algorithm is highly advantageous as different options of crossover and mutation can be applied. On 

ever changeover of options we can obtain better optimization results. 

 The optimization technique is flexible that any structure can be easily optimized. 

 This methodology can be easily applied for any optimization technique. 
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