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Abstract—Optimum

designing of power electrical
equipment and devices play a leading role in attaining
optimal performance and price of equipments in electric
power industry. Optimum transformer design considering
multiple constraints is acquired using optimal
determination of geometric parameters of transformer
with respect to its magnetic and electric properties. As it
is well known, every optimization problem requires an
objective function to be minimized. In this paper optimum
transformer design problem comprises minimization of
transformers mean core mass and its windings by
satisfying multiple constraints according to transformers
ratings and international standards using a penalty-based
method. Hybrid big bang-big crunch algorithm is applied
to solve the optimization problem and results are
compared to other methods. Proposed method has
provided a reliable optimization solution and has
guaranteed access to a global optimum. Simulation result
indicates that using the proposed algorithm, transformer
parameters such as core mass, efficiency and dimensions
are remarkably improved. Moreover simulation time
using this algorithm is quit less in comparison to other
approaches.
Keywords—Transformer;
Transformer
design;
Optimization; Hybrid big bang big crunch algorithm;
Particle swarm optimization algorithm.
I. INTRODUCTION
Transformers are the most important appliance of the
transmission lines and distribution networks. Traditionally,
transformer industry has been using many approaches
based on experience to design transformers aiming
reducing of main and side costs. Transformer design must
be satisfactory in the case of insulation capability and
mechanical strength, furthermore windings must be robust
against dynamic and thermal stress during short circuit
faults. Transformer designing is a complicated problem
due to the large number of parameters involved in design
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process with respect to designing constraints. The
complexity of designing process revealed experiencebased approaches deficiencies and this was the leading
cause of consideration of other designing methods by
engineers. As it is mentioned, designers had to rely on
their experience and judgment to complete the designing
process. Early research in transformer design attempted to
reduce much of this judgment in favor of mathematical
relationships [1,2]. Mathematical models were
incorporated in design process using computers in order to
defeat time consuming calculations related by reiterative
design procedures [3]–[5]. Pioneers of transformer design
who utilized computers for designing are [6, 7], which
later [8] proposed an optimum method and updated the
designing process. In this paper, designing of a
transformer with ferrite core has investigated. There are
other approaches that has utilized optimization-based
methods to handle the selection of variables. In [9] a new
method is proposed which begins with a guessed core
geometry and then finds electrical and magnetic
parameters values which using these parameters, the voltampere (VA) capacity of transformer is maximized and
transformer loss is minimized. However, the method in [9]
has not considered secondary constraints such as high
efficiency, low winding regulation, and no-load current.An
improved formulation and solution of the minimum loss
problem [9] including high-frequency effects has
presented in [10]. In this paper a set of instructions are
given in order to choose a proper core but core dimensions
were not taken as variables and therefore secondary
constraints are ignored. Lagrange multipliers technique is
used for finding minimum weight of an EI core
transformer in [11]. It has assumed that most of the
parameters of the transformer are fixed. In [12] an
optimization procedure based on Monte Carlo simulation
has presented. In this method lowest cost design is
selected from an ample set of reasonable options created
by random numbers. In recent years researchers have
considered application of artificial intelligence approaches
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in transformer design: neural networks [13] were
employed as a modeling strategy whereas genetic
algorithm [14] was applied in the search process.
In this paper, optimum designing of a transformer is
developed by using hybrid big bang-big crunch algorithm
considering constraints by a new approach called penaltybased method. Optimum transformer design considering
multiple constraints is obtained using optimal
determination of geometric parameters of transformer with
respect to its magnetic and electric properties. As it is well
known, every optimization problem requires an objective
function to be minimized. Hence in this paper optimum
transformer design problem comprises minimization of
transformers mean core mass and its windings by
satisfying multiple constraints according to transformers
ratings and prevalent international standards using a
penalty-based method. Hybrid big bang-big crunch
algorithm is applied to solve the optimization problem and
results are compared to other methods.
The rest of the paper is organized as follows: in section
two structure of particle swarm optimization (PSO)
algorithm, big bang-big crunch (BB-BC) algorithm and
hybrid big bang-big crunch algorithm (HBB-BC) in
addition to penalty-based method are introduced. In
section three objective function and transformer equations
and constraints are presented. Simulation results and
result analysis in addition to closing remarks of the paper
are presented in section four and five, respectively.
II.

INTRODUCTION TO PROPOSED
ALGORITHM AND PENALTY-BASED
METHOD
Considering the weakness of experience-based methods
in transformer design which were not mostly time
efficient and have included many errors, today intelligent
and heuristic methods are employed for designing
process.
A. Particle swarm optimization (PSO) algorithm
Particle swarm optimization (PSO) algorithm is a
population based stochastic optimization technique
developed by Dr. Eberhart and Dr. Kennedy in 1995,
inspired from social behavior of birds and fishes [15].
PSO consists of a swarm of individuals named particles.
Every particle is a representation of a candidate solution
for optimization problem, specified by two vector:
position and speed. Every particle finds its way toward
the best found previous position (Xilbest (K, j)) and the best
global position (Xigbest (K, j)). Related equations are updated
as following:
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In this equations Vi(K,j) and Xi(K,j) are ith component of
speed and position, respectively, corresponding to the jth
particle produced in kth iteration. In addition N is number
of population, D is total number of particle dimensions
and W is inertia weight. Inertia weight controls the impact
of the particles previous speed on its current value. Also
r1 and r2 are random numbers generated constantly in
interval [0, 1] and c1 and c2 are acceleration constant. A
linearly reduced inert a weight from maximum value of
Wmax to minimum value of Wmin is used for updating the
inertia weight, as following:
(3)
&'( −
&) *
= &'( −
*&'(
whereKmax is maximum number and K is number of
iterations. In this algorithm, maximum numbers of
iteration is the criteria for cessation. This algorithm
performs as follows:
• First step: setting initial value of problem and
algorithms parameters
• Second step: generating primary population of N
particle with stochastic positions in search space
• Third step: updating the position and
performance of the mutation
• Fourth step: checking the cessation criteria
B. Big bang-big crunch algorithm
The big bang-big crunch (BB-BC) optimization algorithm
is inspired by one of the theories of the evolution of
universe, namely, the Big Bang-Big Crunch theory.
The BB–BC optimization algorithm was introduced
by Erol and Eksin in 2006 [16] which has low
computational time and fast convergence.
This algorithm has two main steps: big bang phase and
big crunch phase. In the first step, big bang phase,
candidate solutions are randomly dispersed through the
search space. Stochastic nature of big bang leads to
energy dispersion or energy transmission from a regular
form (converged solutions) to a chaotic form (a new set of
solution candidates). Big crunch phase comes after big
bang and inclines to get optimized. Big crunch is a
convergence operator that has many inputs, however it
has only one output, namely, center of mass. Here, the
expression “mass” refers to fitness functions inverse.
Center of mass is represented by XiC(K) , obtained using
following equation [6]:
,
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where XiC(K) is the ith component of center of the mass in
the ith iteration, Xi(K,j) is the ith component of the jth
solution produced in the kth iteration, fjis the value of the j
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th fitness function candidate, N is the population size in
big bang phase and D is the number of control variables.
After the big bang phase, algorithm creates new solutions
using previous knowledge (center of mass) so as to utilize
it for big bang purpose in the next iteration. This issue
could be implemented by scattering new individuals
around the center of mass using normal distribution
performance in every direction. Standard deviation of this
normal distribution function reduces with number of
algorithms iterations increasing:
1
(5)
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&)
,
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where riis a random number of a standard normal
distribution that varies for every candidate, 1 is a
parameter for limiting size of search space, Ximin and
Ximax are lower and upper range for ith control variable.
C. Hybrid big bang-big crunch algorithm
Hybrid big bang-big crunch (HBB-BC) algorithm is a
multi-objective and stochastic search technique in which at
every iteration several numbers of the search space is
examined. In this paper, optimization capacities of PSO
algorithm are used to improve the exploration ability of
the BB-BC algorithm and avoid the trapping into the
local optimum, Considering the incapability of BB-BC in
finding the global optimum and with high likelihood gets
trapped into the local optimum. One solution is to employ
large number of candidates to avoid this problems, but this
approach results in increasing the function evaluations and
computational costs. This method utilizes the best position
of every candidates (Xilbest(K,j)) and best global position
(Xigbest(K,j)) for producing new solutions:
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where1 and 13 are adjustable parameters that controls
impact of global best and local best on the new position
of the candidates, respectively. In order to access to a
discrete position, new position is again defined using
Round(X) function as given in (7) and new position is
stated as Xi´(K+1,j) :
´
,
,
(7)
= 56789

whereRound(X) is a function which rounds the elements of
X to the nearest integers. Using this position updating
formula, particles are allowed to choose discrete
values.Then the mutation operation is used to prevent the
HB-BBC from trapping into the local optimum and to
explore new search areas as follow:
www.ijcmes.com

,

= 6789
×

[Vol-2, Issue-1,Jan-Feb, 2016]
ISSN : 2455-5304
+ :89
&'( −
&)

&)

(8)

whererand() is random number generated constantly in
interval [0-1] and ;<is the likelihood of mutation. Process
of the algorithm is as follows:
• First step: generating the initial candidate
randomly and considering the constraints
• Second step: computing the fitness function for
all of the solution candidates
• Third step: finding the center of mass
• Fourth step: computing the new candidate
around the center of mass
• Fifth step: returning to the second step and
repeating the process till cessation criteria is
satisfied
D. Penalty-based method
Considering the constraints applied to the optimization
problems, penalty-based method is appropriate approach
for satisfying this limitations. This approach is viable in
various ways such as cumulative, multiplicative and
combinatorial approaches, which in this paper cumulative
approach is used. In this approach after applying the
constraints, objective function is updated as following:
(9)
= ) > = = ? @ + A B7< ℎ
wheref is the objective function, ch is the sets of the
constraints in the form of equality and inequality, sum(ch)
is sum of the deviations of the constraints from the
reference value and A is the adjustment factor.
III.

TRANSFORMERS EQUATION, CONSTRAINTS
AND OBJECTIVE FUNCTION
A. Preliminaries
In this paper a single-phase dry shell-type transformer
with ferrite core is considered. It is assumed that voltage
and current has ideal sinusoidal waveforms. Figure 1(a)
and 1(b) shows a front and top section view of a singlephase transformer, respectively. Based on this figure
following equations are presented:
(10)
DE = 2ct <
D& = *- DE <
HIJ = 4 + 2L + MN> <
' = N> ℎ> <
3
E = 2N> + 2ℎ> + 4 DE <
3
> = HIJ. ' <

(11)
(12)
(13)
(14)
(15)

where in this equations AC is cross section area of the
center leg, Am is the effective cross-sectional area of the
center leg, MLT is the mean length of a turn, Wais area of
the windows of the both sides of the center leg,VCis
volume of the core, VW is the volume of winding, t is
depth of the core which is visible from above view of the
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figure, Kfis the core effective cross section factor and c,
bwand hw are half of the width of the center leg, width and
length of the windows of the both sides of the center leg,
respectively, as shown in Fig. 1.
B. Mathematical model of objective function
The objective of optimization in this paper is minimizing
the total mass of the transformer core and wiring material
with respect to satisfaction of the limitations. The
objective function is represented as follows:
follows
(16)
= = <E + <EP = QE *- E + QEP *EP >
where mc is the total core mass, mcu is wiring material
mass, QE is mass density of core, QEP is mass density of
wiring material, Kcuis copper fill factor of the wiring,V
wiring, Cis
volume of the core and VW is the volume of winding. It is
important to note that considering the price of one
kilograms of every material (copper and other materials)
used for manufacturing the core and windings, the

R
(18)
%
RS S
whereNs is the turns at secondary side and Es is induced
voltage at secondary side of the transformer.
2) Fill factor of the copper wiring constraint
Transformers optimum designing criteria is equality
of copper loss is both primary and secondary sides.
Mathematical statement of this criteria is given as
followings:
%S
DEP,
(19)
=
DEP,S %
whereAcu,s and Acu,p are secondary and primary conductor
areas, respectively. This equation has two main points:
first, primary and secondary copper wirings are
distributed equally around the windows of the both sides
of the center leg and second is equality of the area density
of the primary and secondary conductors [17]. Fill factor
of the copper wiring is given as following equation:
%S DEP,S + % DEP,,
2%S DEP,S
(20)
*EP =
=
% =

'

Fig. 1: (a) Front section view of single-phase
phase transformer
(b) Top section view of single-phase
phase transformer
objective function could be stated in the form of desired
costs.
C. Mathematical model of transformer constraints
1) Induced voltage constraint in transformer
Assumingg a sinusoidal waveform, effective value of the
induced voltage at the primary side of the transformer is
given as follows:
(17)
RS = √2M=%S UD& = √2M=%S U*- DE

whereEp is the induced voltage at the primary side, f is the
grid frequency, Np is the wiring turns at primary side and
B is the core flux density. Wiring turns of the secondary
side is obtained using the following equation:
www.ijcmes.com
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whereIPis the primary sides rated current and J is the area
density of the primary and secondary conductors. Another
important issue is the constraints on the layer thickness of
the wirings. Assuming that the layer thickness of wirings
at primary and secondary sides are equal:
%
%
(21)
=
% S %S
whereNls and Nlp are numbers of turns per layer in the
primary and secondary windings, respectively. In order to
ensure that the transformer windings fit into the
transformer window, the following additional requirement
has to be met [17]:
%S \S
(22)
^% $
DEP,
9=
=
= ℎ>
= ℎ>
V%
V%
wherefi is the gain factor for every layer.
3) Transformer thermal constraints
The thermal resistance regulation is necessary in
optimal transformer design since it links the thermal
performance to core and winding loss. In a dry-type
dry
transformer with natural air circulation, the dominant
heat-transfer
transfer mechanism is by convection [18]:
[18
(23)
1 Y ℎ> + 2
X
5W =
1.42D
_J

where∆J is rise in temperature, 5W is thermal resistance
and At is the transformer surface area given by (24) in
whereas Kais a constant parameter:
(24)
D = *' [
N> ℎ>
[2 LN
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Both the core loss and copper loss contribute to
raising the transformer temperature. The core loss is given
by (25)
(25)
;E = QE *- *E E U` =a

whereKc , 1 and b are constant parameters which are
suggested by manufacturers and designers. Whereas the
copper loss, under the optimum design criterion embodied
in (20), can be computed from following equation [2]:
%S HIJ
(26)
;EP = 2cd Q>
\ =
DEP,S S
cd Q> 2%S DEP,S HIJ] =
cd Q> *EP ' HIJ] = cd Q> *EP > ]
whereρw(Ω.m) is the specific electrical resistance of the
copper wirings, Fris factor for considering the sin effect.
The temperature rise constraint is therefore:
(27)
1 Y ℎ> + 2
X
5W ;E + ;EP =
;E + ;EP
1.42D
_J

≤ ∆J
4) Transformer efficiency constraint
The transformer efficiency is required to be greater
than a pre-specified value named maximum
efficiency f& , therefore:
;? + ;E + ;EP
(28)
≥ f&
;?
where;? = h. ;- is the output power in watts. This
equation can be rearranged into the following equation:
f&
f&
(29)
; +
; ≤ ;?
1 − f& E 1 − f& EP
5) Transformer no-load current constraint
Proper design of transformer requires limiting the
transformer no-load current to a small fraction of the full
load current. The no-load current can be found from the
core loss component \+ and the magnetizing component
\& as following:
(30)
\i = j\& + \E
The core loss component is:
;E
(31)
\E =
RS
The magnetizing component is given by Ampere law
[19]:
U 2N> + 2ℎ> + 4
(32)
\& =
k
√2%S

wherek is magnetic permeability ask = kl kd , whereas
kl is the permeability of free space and kd is relative
permeability. The limit on the no-load current can be
therefore expressed as
(33)
\E + \& ≤ *i \S
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whereKφis the ratio of maximum no-load current to rated
current in primary side. Moreover core flux density
restriction must be considered:
(34)
U≤U'
whereBsatis the saturation flux density.
6) Transformer voltage regulation constraint
Both the transformer resistive resistance and magnetic
resistance (leakage reactance) contribute to the
transformer voltage drop. The resistive voltage drop can
be computed from
%S HIJ
(35)
\ . n=
m = 2cd Q>
DEP,S S
= 2cd Q> %S HIJ. n=
wheren= is the rated power factor. The reactive voltage
drop referred to the primary side is given by
(36)
o = 2M=I \S . =
where = is the reactive power factor and can be computed
as following:
(37)
= = [1 − n=

In the equation (36), I is the leakage inductance
referred to the primary side [20]:
(38)
kl %S HIJN>
I =
3ℎ> n
wherep is the number of interfaces between winding
sections and is given by twice the number of sections of
the secondary winding [20]
2 %
(39)
;=
<%
In (39) m is a constant suggested by manufacturer.
The voltage regulation constraint, for lagging power
factor, can be approximated as [21]:
(40)
m + o
≤ 5&
RS
In (40) VRmis the maximum value of voltage
regulation. The objective function can be written in terms
of the primary variables by making use of the equations
(12) to (15) as following:
(41)
= = 4*- QE Lℎ> + 8*- QE L + 4*- QE LN> +
4*EP QEP LN> ℎ> + M*EP QEP N> ℎ>

TABLE I.
Parameter
d
Kc
Fr
β
α
Bsat
ρcu
Ep
Es
f
ΔT
Pf

NUMERICAL VALUES OF THE PROBLEM

Value
0.238(mm)
1.9×10-3
1.33
2
1.24
0.4T
8920(Kg/m2)
300V
75V
60Hz
60C0
0.8lag

Parameter
m
ρw
μ0
μr
ρc
Ka
S
ηm
VRm
Kφ
Kf
Kcu

Value
10
2.26×10-8(Ωm)
4π×10-7(H/m)
2000
4800(Kg/m2)
40
1200VA
0.97
0.03
0.02
0.95
0.6
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PARAMETRS OF PSO ALGORITHM

TABLE II.

Parameters
N
Kmax
C1
C2
ωmax
ωmin
Parameters
N
α1
α2
α3
Pm
Kmax

Value
50
20
1.5
2
0.8
0.3
PSO
0.51
0.43
0.63
2.41
39.1
9.3
4
1
1.23
5.33
163.92
99.47
0.71

MOSEK
0.49
2.21
0.68
2.44
38.18
9.55
4
1
1.30
5.21
157.74
99.56
0.67

As it is shown in Table 4, using proposed HBB-BC
HBB
algorithm for designing transformer results in optimum
and smaller dimensions of designed transformer in
comparison to other approaches. Moreover the total mass
of the designed transformer is less than other approaches.
In addition to these advantages, efficiency of the designed
transformer using HBB-BC
BC algorithm is improved and
time of the simulation is remarkably reduced.
In practical implementation of the designed transformer,
the numbers of the primary and
nd secondary winding turns,
i.e. Npand Ns will round up to 40 and 10, respectively.
www.ijcmes.com

148.6
148.5
148.4
148.3
148.2
148.1
148
147.9

147.7

RESULT OF THE DIFFERENT APPROACHES
HBB-BC
0.5
2.19
0.64
2.38
38.12
9.48
4
1
1.21
5.19
148.69
99.56
0.52

148.7

147.8

PARAMETRS OF HBB-BC ALGORITHM

TABLE III.

TABLE IV.
Parameter
c(cm)
t(cm)
bw(cm)
hw(cm)
Np
Ns
Nlp
Nls
Acu,p(mm2)
Acu,s(mm2)
mc+mcu(g)
η(%)
Time(sec)

Value
50
20
1.5
2
0.8
0.3

Convergence characteristic of the objective function,
which is considered total mass of the transformer, is
presented in Fig. 2 while HBB-BC
HBB
algorithm is applied
for solving the optimization problem. In this figure, it is
obvious that during progression of the algorithm, the

Characteristic of convergence of fitness function

II. SIMULATION
Numerical values of the problem is given in tables 1.
Parameters of the PSO and HBB-BC
BC algorithms are
presented in Tables 2 and 3. In both algorithms, the value
of the parameter A related to the penalty-based
based method is
10. In power transformer optimization problem, the
control variables are c, t, bw, hw, NP, NS, Nlp,Nls.
Constraints stated with the equations 17, 20 and 22 are in
quality
ity form and constraints in equations 27, 28, 33, 34
and 40 are in inequality form.
Optimal values of the control variables which are
obtained using the introduced algorithms as well as the
results of the MOSEK software [2] are presented in Table
4.
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Fig. 2. Convergence Iteration
characteristic of the objective
function
A convergence characteristic of the objective function is
meeting 148.69. Moreover optimized dimensions of the
transformer using different methods are shown in Fig.3.

Fig. 3. Optimized dimensions of the transformer using
different methods
III. CONCLUSION
In this paper transformer optimization problem solved
using hybrid big bang-big
big crunch (HBB-BC)
(HBB
algorithm
aiming minimizing the core mass and winding mass with
respect to satisfaction of the transformer constraints. The
HBB-BC
BC algorithm used the PSO algorithm
algori
capacities
and mutation operator in order to improve the capabilities
of the BB-BC
BC algorithm and to avoid the trapping into the
local optimum. Moreover simulation results of the HBBHBB
BC algorithm is compared to the PSO algorithm and
MOSEK software results.
ts. Simulation results has shown
the effectiveness of the proposed algorithm for finding the
global best and reducing the running time in comparison
with the other methods. The HBB-BC
HBB
algorithm
minimized the mass of transformer core and wiring more
than other
her mentioned methods.
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