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Abstract: Helical spring is very useful machine element and it is widely use in engineering industries such that suspension, engine
valve, weighting machine etc. The present work is about comparison of optimization of helical compression spring using genetic
algorithm and particle swarm optimization technique (PSO). This will be helpful to selection the technique for optimization
problems in engineering, software, management etc. Optimization of helical spring for minimum weight reduce the metal
requirement and it is beneficial for industries.

Index Terms — Genetic Algorithm, Particle Swarm Optimization, Helical Compression Spring

I. INTRODUCTION

The applications of helical spring are cam and follower, clutch, engage and disengage of transmission system, in governors, spring
balance etc. Helical springs find their application in every aspect of mechanical engineering. So a lot of attention has been paid to
its design optimization. Agrawal [1] studied the design of helical spring for minimum weight by geometric programming. Explicit
solution of the optimization problem was obtained and was applied to a numerical example. Azarm et al. [2, 3] optimized the helical
spring with the help of consol-optcad and extended his work to the optimization of flywheel. Ponsich et al [4] presented optimal
batch plant design in Process Engineering, which can be formulated as a Mixed Integer Non-Linear Programming optimization
problem involving specific constraints and determined the best fitted. Appala et al [5] used a non-traditional optimization technique
namely Genetic Algorithm for Optimal design of flywheel. Many researchers worked on optimization problem using genetic
algorithm and particle swarm optimization so this work for comparison is chosen here.

I1. Problem formulation and results

A helical compression spring problem is taken and table 1 and table 2 are showing are showing objective function, constraints,
material properties and limitations of different parameters of spring like spring wire diameter, coil diameter and number of turns.

Table 1 Objective function and constraints Table 2 properties of material, load conditions and limitations
Obijective function and Constraints[7] Input parameters for helical spring design
Maximum force 1500N
w =19.39 x 10~5(n + 1)Dd> Stiffness of spring 15N/mm
Ultimate tensile strength 1360 N/mm?
g1 = 0.356%3 x m -2 Modules of rigidity 81370 N/mm?
wmad b Density of material 7.861 x 107° kg /mm?>
i = 1171250 _ 1 o Factor of safety(f) 2
p*n Diameter of wire(d) 5109
_oaaradn 00 o Diameter of coil(D) 351050
s =7  TUF Number of turns(n) 15 to 25
Spring Index(C) 6 t08

Formulated problem is solved by genetic algorithm and particle swarm optimization for comparison, first comes on genetic
algorithm and then PSO.

Genetic algorithm:

Genetic algorithm is a tool which can optimize any equation with constraint or without constraints. Algorithm starts with encoding.
Here a set of solution represented by chromosomes that is population. Population size is constant in all iteration. This chromosome
generates new chromosomes with help different operators that are crossover and mutation. After using operators new population
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comes and better chromosomes or set of solution will be select for next iteration. After number of iteration algorithm converges to
best solution and it may be optimal or sub optimal. Genetic algorithm has four tool which help to optimization that are Encoding,
Decoding, Selection, crossover and mutation.

Encoding is a key to generate a set of solutions for evolution. Mostly binary codes use for this operation.

If a function [f (x4, x5, X3, ..., Xy)], then one chromosome represents a function cost.

TOTOTTITIOTIITOOT L] et et [101101
Fig.1: Representing chromosome in binary coding.[6]

In Figure 1, one chromosome has (6 x N) bits and 6 bits represents one variable and function depends on N variable. Accuracy of
function depends on number of bits. Number of bits and number of chromosomes in population varies according to difficulty of
problem.

Decoding is use to convert chromosomes, binary to decimal form in a required range.
Formula used for decoding given by,

xU L

x =k + L2 (1)

Where n is the no. of bits used per variable,
xF - Lower limit of i*" variable,

x? - Upper limit of i*" variable,

x; — Decoded value of i" variable

Selection is a process to find better chromosomes from population and how many times it should be selected. Chances of selection
is depends on fitness value of that chromosome.

Crossover is an operator use for crossing two chromosomes and produces two new chromosomes.

101011|111011[100111]|................ (101101 ( P,) 101101j110111|100201 e cuuueuracencnee [110010 (C4)
001101[100111{110101 ... cuvnne. [110010 (Py) 001011j101012j210122 . ueviniiinns [101101 (C,)
Fig. 2: Showing new chromosomes produced for evaluation.

Where C;, C,are children produced by parents P,, P,

Mutation is an operator which adds new information at random way. Randomly selects new chromosomes and applies mutation. It
removes local optima and it help to generates global minima.

Steps are for genetic algorithm

Stepl: define objective function, bounds of variables, constraints and generate number of populations

i < maxiteration iteration
Step2: decode all populations and find minimum value of objective function and set f,,;,, “@s, minimum value for i t"iteration
Step3: use selection, crossover and mutation for i titeration
Step4: decode all populations and find minimum value of objective function and set f,;”-nias, minimum value for i iteration
Step5: if fim' < fomin' than reset population pop(fiax') = pop (i )and i=i+1
Step6: else i=i+1 and repeat from step 3.

End

Table 2b Data selected for Genetic Algorithm

Number  of | No. of bits in | Type of | Type of | Crossover Probability Type of | Number
populations one coding crossover probability of mutation | selection of
chromosome Iterations
60 10 Binary Single point 0.8 0.06 Rolette 200
crossover Wheel
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Fig 3 Optimized Results by Genetic Algorithm

Particle Swarm Optimization:

PSO algorithm is inspired by the behavior of biological organisms, specifically movement of groups of some species of animals in
a given area, e.g. birds flocking to find a food source. This behavior is used in optimization search for solutions in a real-valued
search space. PSO starts with number of solutions and each solution is called particle. Each particle has its velocity and a position.
Each particle searches for best and updates its velocity and position. It searches for optimum so it updates velocity according
10 Dpest ANA Gpest- Where,Dpoqr - is better position of particle between old and new. gpes:, is the best position among all
particles. In each iteration particle updates its position and velocity, and solution improves. Three main steps of PSO are

1. Evaluate the fitness of each particle

2. Update individual and global best finesses and positions

3. Update velocity and position of each particle

Updating velocity [8] and particle new position is obtained according to equation (2), (3) and (4).

Vaiew = W X Vo1 + €1 X (rand) X (Ppest — Pora) + €2 X (rand) X (Gpest — Pota) )
Pnew = Poid + Vnew (3)
w=(t—1i)/t (4)

Where

w - Inertia weight constant

View - Newvelocity calculated for each particle

Voia - Velocity of the particle from the previous iteration

Pnew - New position calculated for each particle

Pold - Position of the particle from the previous iteration

C,&C, - Cognitive and social acceleration constants

rand - Generates a random value in the range [0 1]

t - Total number of iteration

1 - i*Miteration
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C; and C, are generated in the range 0.4 to 2[9]

Initially large value of inertia weight is there to promote global exploration of search space. Inertia weight is decreased in accordance
to eq.(3) to facilitate exploitation. The most common approach for solving constraint optimization is to use penalty function so that
problem is transformed into unconstrained by penalizing the constraints.

Table 3 Specification of genetic algorithm

Number of populations C, Cq Number of iteration
t
30 1.49 1.8 1000
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Fig 4 Optimized Results by Particle Swarm Optimization

Table 4 Comparison of optimized results by genetic algorithm and PSO

Method selected d D n Weight
With GA 22.5122 108.1916 5 59.0119
With PSO 22.4444 107.6658 5 58.3510

111.DISCUSSION AND CONCLUSION

A little consideration in table 4 shows that PSO give better results than GA but there is not much difference but when
we observe weight minimization with iteration fig 3 and fig 4 then there in GA results optimized after 30 iterations
but in PSO it is optimized in 15 iterations. There are less constraints in helical spring problem so there is less
difference in results by GA and PSO but if constraints increase then than results evaluated by PSO will be better than
GA and take less time also by PSO.
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