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Abstract: Optimal transformer design becomes an important
feature to achieve lower cost, lower weight, reduced size and
better operating performance. In this paper an attempt has
been done for optimum design of power transformer. Genetic
algorithm has been used as an optimization technique
along with artificial neural network to select the different
design variables in transformer design. Simulated results
are compared with the conventional design method. It has
been found that the optimization of design for a transformer
becomes very simple with the application of artificial
intelligent techniques. MATLAB is used for simulation
purpose.
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I. INTRODUCTION

Power transformers are large and complicated equipments
and may contain as many as 2000 components. For every
order received the supplier has to do the complete design,
make all the arrangement/assembly as well as most of the
component drawings for the manufacture of the transformer.
Thus standardization is generally not possible and in most cases
limited to a few components [1] and the release of engineering
information takes as much as 40% of the total delivery cycle.

Design of transformer may be carried out using the normal
procedure adopted by various researchers [1,6]. Selection of
design variables are very important for a particular transformer
before dealing with the logical procedure for the determination
of main dimensions. High value of flux density results in the
saving of the cost of iron and copper, but on the other hand
a high value is objectionable due to increased iron losses,
saturation in magnetic part and high magnetizing current.
Further if a high value of current density is chosen, it causes in
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the copper saving, reduces sectional area for the windings. This
result in to an increase in the resistance and increased copper
losses.

A novel power transformer design methodology has been
presented using artificial neural networks (ANN) by [3]. A
database has been used which contains the results of several
hundreds of actual power transformers to train the ANN.
Web based environment has been used by [4] through shared
information space for designing the power transformer.

The aim of the transformer design is to completely obtain
the dimensions of the entire transformer based on the given
specification, using available materials economically in order
to achieve lower cost, lower weight, and reduced size and better
operating performance[5].

Generally, the process of finding the optimum design variables
of atransformer has been implemented with the help of a suitable
computer program, which uses different input parameters
in order to make the transformer program as parametric as
possible [1].

It has been observed that during the normal design process,
the value of variables defined, is selected at random, which
does not leads to the best utilization of the transformer. Hybrid
techniques are also used by [11] to find the optimum design
parameters. In the present work an attempt has been made to use
the artificial neural network and genetic algorithm [2,3],for the
selection of various design variables simultaneously, to yield
an optimum design. ANN is trained by actual data to find the
accurate conductor dimensions which are required for realistic
design not reported yet. GA has been used to find the optimum
design variables with embedded ANN.

All the results are verified by a representative mathematical
example of 5000 kVA, 35/2.3 kV power transformer [1]. It has
been shown that the optimizing results are satisfactory. It proves
the ability of ANN and GA for global searching, excellent
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solution precision and has a bright application prospect in the
fields of power transformers design. Thus this paper presents the
optimum design of power transformer using genetic algorithm
along with embedded ANN by taking efficiency, weight and
efficiency and weight simultaneously as an objective functions.
Effect of this design on other parameters has also been shown.

II. TRANSFORMER DESIGN OPTIMIZATION

The aim of the transformer design is to completely obtain
the dimensions of the entire transformer based on the given
specification, using available materials economically in order
to achieve lower cost, lower weight, reduced size and better
operating performance. Conventionally, the transformer
design has been worked out by using various methods based
on accumulated experience realized in different formula,
equations, tables and charts. The transformer design methods
vary between the several transformer manufacturers. A
transformer design optimization method has been proposed so
as to meet the specifications with the various objectives e.g.
maximum efficiency, minimum weight, mechanical forces,
stresses, thermal loading etc. with optimized design variables.
Therefore for designing the transformer, it is important to study
the available information and work through a logical sequence
of calculations to ensure that all the requirements are met.

In the proposed approach, five design variables (B, Ky, Ko, K,
ks) have been selected for the application of genetic algorithm
for design purpose. To solve the given problem chromosomes
are to be coded in string structures. After that design parameters
are mapped to a specified interval [A,,., Aninl, Where A ..
and A, are the maximum and minimum values of various
parameters as shown in Table 1[11].

TaBLE I: Constraints on Control/design Variables

ANN is used to find the conductor width and thickness
for calculated cross section area of different sections of
transformer windings. The training and testing processes are
embedded together in a single algorithm. The whole processes

are represented in the form of a flowchart as shown in Fig.
1(APPENDIX-I).

After applying GA it is found that the design variables are
automatically adjusted to keep the system at an optimum level
of performance. Here following objective functions are used as
performance index, which are function of the variable design
parameters:

1. Efficiency

2. Weight

3. Efficiency and Weight

Objective function used here can be written as follows;
OF =K + K, (W, + W() Q

Where, K; and K, are the normalization factors used suitably.
W, and W are weight of iron and copper respectively.
Efficiency and weights has been computed by normal design
procedure [1].

Minimum value of this index then gives the optimum set of
parameter values. This performance index of a GA is fitness
function, which is used to resolve the viability of each
chromosome. All the parameters are optimized according
to their fitness value calculated by the performance index. If
the requirement is not achieved, chromosome of the current
generation will go through operations, crossover and mutation.
After some number of generation, the program converges.
Whole process is shown in Fig.2 (APPENDIX-II).

II1. RESuULTS AND DISCUSSIONS

The design of a transformer has been carried out using artificial
intelligent techniques. In the proposed approach, conductor
thickness and width is determined using ANN and selection of
different design variable/parameters (B, Ky, Ko, K, K) using
GA.

TaBLE II: Optimum design parameters for maximum efficiency

Optimum results corresponding to the design variables in Table
2 are shown in Table 3.

TasLE III: Optimum results for maximum efficiency

TaBLE [V: Optimum design parameters for minimum total weight

TaBLE V: Optimum results for minimum total weight
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TaBLE VI: Optimum design parameters for maximum efficiency and minimum
total weight

TaBLE VII: Optimum results for maximum efficiency and minimum total
weight

Table 2 to Table 7 shows the optimum parameters and results
for various objective functions. The process results in to a
maximum efficiency of 99.047% and minimum weight 15478
kg with a optimum set of design parameters (Bm, k1, ko, ks,
kf). Tables also give the effect of optimized design on different
performance parameters of power transformer. Above novel
design procedure gives an idea about the various specific
ranges of design parameters for different objective functions.
Thus instead of giving the whole range of various parameters as
shown in Table 1, specific narrow ranges may be given for fast
results as selected by GA-ANN approach.

YV CONCLUSIONS

In this paper, artificial neural network and genetic algorithms
approach has been proposed to select the optimized design
parameters of power transformer. ANN is used to find the
accurate conductor dimensions. It makes the analysis more
realistic. It has been found that the application of GA’s to
a transformer design problem, results in such values of (B,
ki, Ko K, Kg), which are found to be in close agreement with
the values suggested by [1]. This confirms the validity of the
approach proposed.
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APPENDIX-I APPENDIX-IT

APPENDIX - 11

B, Core flux density, Wb per square meter
Ky Proportionality factor for E.M.F. per turn
K, Space factor

Fig. 1: Flowchart for finding the conductor dimensions using artificial neural K, Stacking factor

network.

ks Stray loss factor
OF Objective function
loss_total Total losses, W
eff Efficiency
q oa Specific thermal load for A type coils of the

high voltage winding, W/cm?

q_olt Specific thermal load for ordinary coils of the
low voltage winding, W/cm?

Fr Radial forces affecting the windings during a
three phase short circuit, Kg
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F 1 External forces due to the asymmetrical — Sigma_lt Stress in copper of the low voltage winding,
distribution of mmf, Kg Kg per square centimeter
Sigma_ht Stress in copper of the high voltage winding, G_tr Total weight of transformer, Kg

Kglcm?



