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Abstract— The growing demand of higher voltages, it is 

desirable to use the reliable and optimal transformer. A 

transformer is a tailor-made product. The design of a 

transformer depends to a large extent on the specific 

requirements of the customer. A modern computer has led to 

a greater insight into transformer design procedures with 

some empirical relationships and values. The optimization 

of multi-objective is crucial to the configuration design of 

industrial product, especially to the design of transformer. 

The proposed MODM method, an algorithm based on PSO 

technique which is population based global search method. 

The optimization techniques have been developed to solve 

the design of transformer problem. The aim of the 

transformer design optimization is to define the dimensions 

of all the parts of the transformer, based on the given 

specification, using available materials economically in 

order to achieve lower cost, lower weight, reduced size & 

better operating performance. 
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I. INTRODUCTION 

Particle Swarm Optimization is a stochastic, optimization 

algorithm and population dependent search for problem 

solving technique. It is one type of swarm intelligence that is 

dependent on cultural psychological concepts and offers 

experience into social behavior in addition to contributing to 

engineering purposes. The particle swarm optimization 

algorithm was initially defined in 1995 by James Kennedy 

and Russell Eberhart. Social effect along with social 

understanding enables an individual to maintain cognitive 

uniformity. 

The particle swarm simulates some sort of social 

optimization. A challenge is provided, and some strategy to 

assess a recommended solution to it exists by means of a 

fitness function. A conversation structure or social network 

can also be defined, determining neighbours for each and 

every individual to connect to a population of individuals 

defined as arbitrary guesses since the problem remedies are 

initialized. These individuals are candidate alternatives and 

are referred to as the particles, therefore name particle 

swarm. An iterative method to improve these kinds of 

candidate alternatives is actually set in motion. The particles 

iteratively assess the fitness of the candidate alternatives as 

well as remember the positioning exactly where they had 

their utmost accomplishment. The individual’s best solution 

is known as the particle best or may be the local best. Every 

single creates this information open to their neighbours. 

The adjustments to a particle inside the swarm are 

as a result affected by the knowledge or experience of its 

neighbours. The search habit of a particle is therefore 

impacted by that of other particles inside the swarm 

consequently PSO is the type of symbiotic cooperative 

algorithm. The result of modelling this kind of social 

behavior is usually that the lookup process is in a way that 

particles stochastically return in the direction of previously 

effective locations in the search area. The procedure of the 

PSO is dependent on the neighbourhood theory as social 

network framework. 

II. TRANSFORMER DESIGN OPTIMIZATION PROBLEM 

The problem of transformer design optimization is based on 

minimization or maximization of an objective function 

which is subjected to several constraints. Among various 

objective functions the commonly used objective functions 

are minimization of total mass, minimization of active part 

cost, minimization of main material cost, minimization of 

manufacturing cost , minimization of total owning cost or 

maximization of transformer rated power. 

A transformer is really a tailor-made item. The 

design of a transformer largely dependent to the specific 

requirements of the customer. It is, hence, necessary to 

provide a complete specification of the preferred 

transformers from the utilities. The nature of information 

may be categorized as(5): 

 Mandatory. 

 Supplementary. 

 Additional. 
 

 
Fig. 1.1: Analysis, Identification and Synthesis Methods to 

Design A Transformer[4] 

Mandatory specifications may be listed like kVA 

rating, the number of phase & frequency, voltage ratio, 

connection & vector group, winding materials, tapping. 

Supplementary specification includes information which are 

not mandatory in nature, but are essential for designing an 

efficient transformer. Supplementary specifications may be 

listed like no-load loss and no-load current, load loss and 

percentage impedance, basic insulation level, limitation of 

flux density and current density, Size of ACSR conductor or 

cable being used for incoming and outgoing connections, 

dimension limitations (if any).  

Additional specifications are not so critical for the 

operation of transformer, but are necessary for a 

manufacturer to know the necessities of the consumers. 

Additional specifications may be listed like grade and 

thickness of core laminations, type of core construction, 

stray loss in percentage of     loss, external and internal 

clearance. 
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III. PARTICLE SWARM OPTIMIZATION 

A swarm contains of pair of particles, where every particle 

denotes the potential solution. Then particles are sailed 

through the hyperspace, where every particle position is 

changed according to their own experience and that of their 

neighbours. Let   ( )  is represented the position of particle 

   in examine space at time step t. Then the position of    is 
changed by adding the velocity   ( ) to existing position. 

The velocity vector is drove the optimization procedure and 

reflected the socially exchanged information, which are 

given below. From the basis of initial PSO algorithm, the 

stages are individual best, local best and global best(1). 

A. Individual Best 

With this variation, each one compares their present location 

to be able to a unique finest own best location, xpbest, only. 

This is tried from the pursuing ways:- 

(1) Initialize your swarm   ( ), associated with debris 

such that the   ( ) of each one particle   ( ) is 

actually haphazard in the hyperspace with t=0. 

(2) Evaluate the functionality of each & ever particle, 

using its latest position   ( ). 
(3) Evaluate the actual overall performance of 

particular particle to be able to its greatest overall 

performance as 

If  (  ( ))           then 

       =  (  ( )) 

          ( ) 
(4) Modify the velocity vector for each & every 

particle by : 

      1i i i iV t V t p xpbest x t   
 

Where p is a positive random number. 

(5) Transfer each & every particle to the fresh position 

     1i i ix t x t V t  
 

t= t+1 

(6) Go to step 2 and repeat until convergence. 

The actual furthest aside a new particle is usually 

from the recently observed best answer, the bigger the actual 

modify in velocity to return your specific in the direction of 

the best answer. The top limit in the arbitrary value p is 

really a program parameter specific with the user. 

B. Global Best 

This worldwide best, gbest, connected with PSO reflects the 

actual star neighbourhood design. This sociable knowledge 

helpful to get actual activity connected with particles from 

the position of the most useful particle through the entire 

swarm. Moreover, just about every particle uses their 

background connected with knowledge with regard to a 

unique best answer so far. In this case the algorithm is 

changed to: 

1) Modify the swarm,  ( ) of particles such that the 

position   ( ) of each & every particle  ( ) is 

random inside the hyperspace, with t=0. 

2) Calculate the performance of each particle by using 

its present position   ( ). 
3) Match the performance of each & every single to 

its best performance so far: 

       If   (  ( ))           then 

                (  ( )) 

                 ( ) 
4) Match the performance of each & every particle to 

the global best particle : 

       If   (  ( ))           then 

                (  ( )) 

                ( ) 
5) Modify the velocity vector for individually : 

         1 21i i i i iV t V t C xpbest x t C xgbest x t     
 

Where    &    are random variables. The above second 

term is referred to as the rational factor, while the last term 

is the societal factor. 

6) Change each particle to the new position : 

     1i i ix t x t V t  
 

                  t=t+1 

7) Go to step 2. And repeat until convergence. 

C. Local Best 

The neighborhood greatest, xpbest displays the group of 

friend area construction. Particles are inspired through the 

greatest place inside their area in addition to their particular 

previous expertise. Merely steps 4 & 5 alter simply by 

replacing xgbest along with xpbest. Though xpbest is 

actually slow inside convergence as compared to xgbest, 

xpbest results in significantly better alternative as well as 

lookups a bigger perhaps the search space. 

D. Fitness Function 

The particular step 2 to obtain xgbest and also xpbest 

because mentioned earlier steps this performance of particle. 

Right here function is needed which steps this nearness with 

the related solution to this ideal in evolutionary computing, 

this specific is the term for this fitness function. 

E. Convergence 

 
Fig. 1.2: Flow Chart of PSO Algorithm(2) 



Design of Transformer using Particle Swarm Optimization 

 (IJSRD/Vol. 3/Issue 04/2015/052) 

 

 
All rights reserved by www.ijsrd.com 197 

Your algorithms preceding go on until convergence has 

been reached. Commonly, the PSO criteria will be 

implemented for a repaired quantity of iterations or fitness 

function evaluations. Moreover, a PSO algorithm can be 

finished if the velocity modification are nearer to zero for all 

particles in this situation. There will be no further 

modification in the position of particle. 

IV. SIMULATION RESULTS 

The algorithm parameters of PSO algorithms for 

Transformer Design are shown in table below: 

Parameters 
Value  for PSO 

algorithm 

No. Of Parameters to be 

optimized 
9 

Colony Size 16 

Iterations 300 
 

Table 1: Algorithm Parameters For Transformer Design 

The swarm size of PSO is given by the following 

equation[3]:- 

S=10 + [2 X sqrt(D)] 

Where S is the swarm size and D is the number of 

parameters to be optimized. As the value of optimization 

parameters is 9, we get swarm size of 16. 

The detailed results of optimized parameters are 

given below: 

Parameters 
PSO 

O/P 

Value Of K 0.419 

Flux Density 1.605 

Current Density 2.639 

No. Of Steps 8 

LV winding strips 5 

Layers in LV side 2 

Tapping in HV side 2 

Voltage Per Coil HV side 1358 

No. Of layers in HV 14 

Table 2: Results of Optimized Parameters 

The desired and actual PSO values of attributes are given in 

below table: 

Attributes 
Desired 

O/P 

PSO 

O/P 

Total Losses 6050 W 6093.51 W 

No-Load Current 5  A 4.947 A 

% Impedance 4 3.959 

Active Part Cost 310000 Rs. 311391 Rs. 

Table 3: Desired & Actual PSO Attributes Value 

Figure shows the error value after PSO iteration. Using PSO 

algorithm we can get the error in the range of      within 

300 iterations. The Root Mean Square (RMS) function is 

used for error calculation. 

 
Fig. 1.3: Graph Between Error & Iteration 

 

V. CONCLUSION 

The main part of this paper to get global optimal design is 

given by PSO algorithm. This work initiates the efforts of 

implementing and comparing the performance of this 

algorithm for transformer design. Transformer Design 

requires more paper work and time consuming to solve 

complex equations. With the help of optimizer, transformer 

designing become easier and less time consuming. 

Optimized values of design parameters can be obtained fast 

and accurately for desired specification. From the simulation 

results we can conclude the PSO algorithm is more efficient 

and robust. 
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