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ABSTRACT

In the last decades, nature-based optimization algorithms had many applications in many areas such as
nonlinear problem solution, optimization problems, power device placement, control applications, and other
cases. In each optimization algorithm, two features are important. The first one is an exploration feature and the
second one is an extraction feature. Bee’s algorithm is one of the most effective and powerful nature-based
optimization algorithms that has introduced in recent years. In this paper, we proposed the application of bee’s
algorithm to the optimal design of three-phase power transformers. The three-phase power transformers have
a vital role in power networks. In the proposed method, geometric parameters of three-phase power
transformers have been optimized by the bee’s algorithm. The finding of the relation between the geometric
parameters and transformer formulation is the main step in the proposed method. More details about the
proposed method are described in the body of the paper. For simulating the proposed method, MATLAB
software is used. Simulation results show that the proposed optimization technique has excellent performance.

© 2019 The Authors. Published by IASE. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The new power networks are very complicated systems and
have many sections. This system has many generators,
distributed generators, power transformers, rectifiers,
synchronous motors, compensators, nonlinear loads and other
many devices. In this nonlinear and complicated system, the
value of power loss is very high. In last decades, researchers
attempt to reduce the amount of power loss. One of the most
popular and efficient of these techniques is FACTS devices. These
devices have good features in power loss reduction and reactive
power management. But these devices need to accurate
controller. In most cases, the design of proper controller for these
devices is very hard problem. Also the application of these
devices have high financial load. Therefore in application of these
devices, all aspects must be considered (Sreejith et al, 2015;
Esmaili et al., 2014; Srithorn and Theejanthuek, 2014). The other
technique for power loss reduction is capacitor placement.
Similar to FACTS devices, the application of compensate
capacitors have financial load. Therefore all aspects in usage of
this technique must be carefully considered (Raju et al., 2012; El-
Fergany and Abdelaziz, 2014a; 2014b; Shuaib et al,, 2015; Aman
etal., 2014).

Newly some techniques have been proposed that have no
financial loads. One of these methods is power network
reconfiguration. In last decade, many researchers studied about
this issue (Souza et al, 2015; Zhang et al,, 2014; Henriquez and
Barrero-Gil, 2014; Prasad et al., 2005). The other methods are
optimal design of power network devices, such as generators,
transformers and motors. In this study the optimal design of
three phase transformers in power networks is investigated. In
the propose method, the geometric parameters of three phase
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transformers is considered as optimization variables. The studied
problem is multi objective optimization problem that has many
terms and limits.

The three phase transformer is power tool that can change
the level of voltage from one value to other value. The three
phase transformer has some types. But in all of types of three
phase transformer, the voltage is reduced or enhanced from one
level to other level. The three phase transformer has big core that
is the main section. The three phase transformer is work on
electromagnetic induction rule. By varying the voltage level, the
current level changed. The changes in current value induce
magnetic flux transformer magnetic circuit. This induced
magnetic flux; create voltage in secondary circuit in transformer.

In last decade some nature based optimization algorithms
such as genetic algorithm, artificial bee colony algorithm, ant
colony algorithm, simulated annealing, bee’s algorithm, honey
bee mating algorithm, imperialist competitive algorithm, particle
swarm optimization algorithm and its modified versions are
emerged. These nature based optimization algorithms are very
effective and powerful tool to solve the nonlinear and
complicated optimization problems (Mernik et al,, 2015; Maeda
and Tsuda, 2015; Mansouri et al., 2015; Yu et al, 2015;
Gopalakrishnan and Kosanovic, 2015; Chen et al., 2015). In this
paper the application of bee’s algorithm is proposed to optimal
design of three phase power transformers. In the proposed
method, the power loss of three phase power transformers is
reduced. Also the other aspects of the optimal design such as
volume, thermal conditions and cost of building are considered
simultaneously. Therefore the investigate optimization problem
is multi objective optimization problem. More details regarding
the transformers and optimization algorithm is described in next
sections.

2. Optimization algorithm

The flowchart of bee’s algorithm is shown in Fig. 1. This
algorithm is inspired from honey bee manner. The honey bee is
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looking for food in nature with special way. In this process, some
bee’s fly to different areas of nature. These bee’s select the best
areas that have high amount of honey. From these areas, some

Random Initialisation

have better and higher amount of honey. The related bees are
known as elite bees. The elite bees are candidate to local search.
This section is illustrated in Fig. 1.
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Fig. 1. The flowchart of bee’s algorithm (Pham and Castellani, 2009).

The remaining bees are known as global search bees. These
remaining bees eliminated and reproduced randomly in search
space. In the initial step of bee’s algorithm, the boundaries of
optimization must be defined. The elite bees and remaining bees
must be move in this predetermined boundary. Each elite bee has
its soldier bees. These soldier bees aid the elite bee to search the
local area.

As mentioned, each optimization algorithm must have to vital
features. One of them is exploration feature. This feature aims the
optimization algorithm to search all points of search area. In the
bee’s algorithm, global search bees perform this step. With
random producing of these bees, bee’s algorithm avoid from
trapping in local minima. Some other nature based optimization
algorithm such as particle swarm optimization algorithm,
imperialist competitive algorithm, artificial bee colony and ant
colony optimization algorithm don’t have this vital feature.
Therefore the mentioned algorithms may trap in local minima.

The extraction feature is the second vital feature in each
optimization algorithm. This feature assigns to find the final
global answer from the found best area. This feature is satisfied
by local search in bee’s algorithm. It can be seen that, in the bee’s
algorithm some soldier bees aim to elite bees to search the best
areas. This feature cause to fast convergence speed. Almost all
nature based optimization algorithms have this feature. The
more details and applications of bee’s algorithm can be found in
(Castellani et al., 2012; Ruz and Goles, 2013; Kavousi et al,, 2011;
Pham et al., 2009).

The main steps of bee’s algorithm are described as follow:

Step 1) Initialize bee’s algorithm parameters, such as
boundaries, number of elite bees and other parameters.

Step 2) Produce the initial random population.

Step 3) Evaluate the fitness function for initial random
population.

Step 4) Choose the elite bees.

Step 5) Perform the local search by soldier bees.

Step 6) Perform the global search by remaining bees.

Step 7) Check the stop condition. If the stop condition
satisfied, go to next step, otherwise go to step 3.

Step 8) the end.

3. Transformer

In the operation of transformer, three main parameters are
available that are V;,V, and f. These parameters are selected by
user and are related to application. In some cases we used
increasing transformers and in some cases we use decreasing
transformers. These parameters are selected based on needed
power S. In transformers some power loss are available that
must be considered and reduced. These power losses are P, and
Pyp- In this study a nonlinear schematic of transformer is
investigated. The three phase power transformer design
parameters are listed in Table 1. In this table the boundaries for
each design parameters are determined. Also in Table 2 the
terms of optimization problem are listed.

The above mentioned parameters affect the efficiency, power
loss, cost and temperature of transformer. The main objective
function in this paper is the cost of three phase transformer. But



Rodriguez et al / Annals of Electrical and Electronic Engineering 2(7) 7-10

simultaneously other aspects of three phase transformer such as
power loss and volume are optimized.

Table 1
Optimization parameters.

role in bee’s algorithm accuracy and convergence speed.
Therefore these parameters must be selected carefully. In this
paper, these parameters are chosen based on vast experiments
and simulations. For example, the high number of iterations led

to better search in search space. But this good search cause to

R‘;W TiaraTeter:ﬂdeﬁgitiop B(lnémiagry time loss. The high number of elite bees led to good local search,
e value of flux density [15,1.8] but in contrast led to low global search. For this purpose, the
The value of density for current (high X
2 voltage) (3.1,3.7] selection of these control parameters must be done cleverly. In
3 The value of density for current (low [2.55, 333] Table 4, the selected control parameters are listed.
voltage) D
4 The value of height in winding [2.77,3.55] Table 4
5 The magnitude of voltage in each loop [102,121] The control parameters of bee’s algorithm.
6 The value of distance in core [0.81,1.22] Number of bees 20
Number of elite bees 10
Table 2 Number of soldier bees 6
Term of optimization problem. Number of iterations 500
Row Limit definition Terms
1 The amplitude of temperature in winding <575 In the proposed method, bee’s algorithm is proposed to find
. section A the optimum parameters of three phase power transformer. The
P The amplitude of temperature in oil of <495 L . . . . K
transformer oil bank : number of optimization parameters is six. The investigated
3 The value of current in no load condition <2.51 problem is highly nonlinear and there is no linear relation
4 The value of impedance in no load <119 between geometric parameters and objective function. Base on
s h .Zonfltflt?“. 99.1 the vast simulations and experiment, we found that the local
e ldeal efliciency >99. : . . . P . .
6 Clearance in each loop <011 search is very vital in this optimization problem. For this

The selected objective function is obtained from primary
price and core materials. Also the price of winding must be added
to this objective function. The following equation shows the
objective function:

Fitness = wiG; + woG, + w3P, + w,G;

1)

The sample bee is as follows. The target of the optimization

purpose, we choose the number of elite bees high. In Table 5, the
obtained optimum parameters are listed. These optimum
parameters are found base on Table 4 control parameters. Also
the value of constraints is listed in Table 6. By the obtained
optimum parameters in Table 5, the value of objective function is
3.5276 % 10°.

Table 5
Optimum parameters.

. . . L ) Parameter Optimum value
algorithm is to find the best parameters that minimize the fitness The value of flux density 1.6821
function. The value of density for current (high voltage) 3.4201

The value of density for current (low voltage) 2.503
Samvle bee = [X. X, Xa X, X X The value of height in winding 3.3461
P (X, Xz X3 X, 5 6] The magnitude of voltage in each loop 111.104
4. Simulation results The value of distance in core 1.2043
In this section, the performance of the proposed intelligent Table 6
. . ’ P . prop g Term of optimization problem.
technique is evaluated. For this purpose we used one real —

dard d h h f Limit definition Terms
standard power system and one three phase power trans_ ormgr. The amplitude of temperature in winding 55 4310

The characters of three phase power transformer are listed in section :
Table 3. The amplitude oftempferature in oil of 42,6357

transformer oil bank
Table 3 The value of current in no load condition 2.0941
The characters of three phase power transformer. The value of impedance in no load condition 11.4205
S 65 MVA The ideal efficiency 99.046
Voltage 33KV/715V Clearance in each loop 0.08304
Frequency 50 Hz
Type AJY In Fig. 2, the effect of number of iterations is illustrated. It can

In each optimization algorithm, the control parameters have
high effect on its performance. In bee’s algorithm, the number of
total bee’s, elite bees, soldier bee’s and max iteration have vital

x10°

be seen that after 500 iterations, there is no improvement in
fitness function. Therefore we choose this value for maximum
number of iterations.
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Fig. 2. Investigation of maximum number of iterations.
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In order to compare the performance of proposed method,
with other optimization algorithms, we used honey bee mating
optimization algorithms, artificial bee colony, and ant colony
algorithm and simulated annealing algorithms. The obtained
results are listed in Table 7. It can be seen that bee’s algorithm
has much better performance rather than other nature based
optimization algorithms.

Table 7
Comparison of optimization algorithm.

Algorithm Objective function
honey bee mating optimization algorithms 3.5530 x 10°
artificial bee colony 3.5753 x 10°
ant colony algorithm 3.5310 x 10°
simulated annealing algorithm 3.5603 x 10°
bee’s algorithm 3.5276 x 10°

5. Conclusion

In this paper, application of nature based optimization
algorithms is investigated. Based on published papers, we used
bee’s algorithm as optimization algorithm. This type of
optimization algorithm has good exploration and extraction
capability. The Obtained results show that bee’s algorithm can
find the optimum parameters of three phase transformer
geometric parameters. Also based on simulation results it can be
seen that bee’s algorithm has better performance rather than
other nature based optimization algorithms.
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