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Abstract

Power transformers are designed to supply linear loads at nominal frequency; however, the development of power electronic
devices and controllable loads that is generally called non-linear loads is promotion. Non-linear loads lead to temperature rise of
transformers significantly and causes decrease their lifespan dramatically. In addition harmonics causes reduced power factor,
which causes to reduce active power delivered to consumers. One of the methods to prevent and reduce harmonics is to use C-
type passive filters regarding their advantages over other types of filters. Determining the relevant parameters is prerequisite to
the application of such filters.

In this paper, model of distribution transformer considering the effects of harmonic and saturation with C-type passive filters is
optimized. Performance of different optimizing methods is compared with each other in optimization of model's parameters.
Simulation results shown the invasive weed optimization method is an intelligent optimization method with appropriate
performance compared with other methods.
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1. Introduction

Current harmonics caused by non-linear loads have been increased significantly in the grid. These non-sinusoidal
currents cause non-sinusoidal voltage drops on the lines and other loads. Accordingly, several works have been
focused on the designed passive filters to maximize the classical power factor expression in the literature [1]-[4].

Abdel Aleem et al provide optimal passive filter design method for to maximize the power factor, where line
losses in non-sinusoidal voltage and current conditions is considering frequency-dependent. The numerical results
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show that the proposed method significantly improved losses line, and loading capability of transformer in non-
sinusoidal conditions, compared with the conventional method [1]. Also the total harmonic distortion of current and
voltage are acceptable in according to IEEE standard 519 [S]. However; the disadvantage of this method is that the
optimization problem was solved by a classic optimization algorithm. Which will be shown in a situation that the
initial response to this algorithm does not selected nearly the final optimal value that may fail. The performance
intelligent optimization methods will be much better than the classic method. In this paper, optimal filter parameters
are calculated by using different optimization algorithms to maximize the suggested power factor function.

2. Modelling of the studied system

As previously mentioned, the model used in this paper is the same as model used in [1]. It is Single-phase
equivalent circuit of the studied system is given in fig 1(a), and Single-phase circuit of the C-type filter given in fig
2(b). The convergence of different optimization techniques to achieve optimal for final-value system will be
evaluated with the same characteristics. Decision variables optimization problem of the optimal filter parameters,
the damping resistance Ry, the main capacitor series Xcp; and, parallel capacitor Xc¢p,. considered indicators are
Loading capability for the power cable DF¢p and, Transformers DFrpg, total harmonic distortion for voltage
THDy, ,and for current THD; , Classic power factor PF, Power factor suggested PF,, total active power P, Classic
apparent power S, apparent power suggested S, , total transmission and distribution line loss APz, Copper losses
APcy, Eddy current losses 4Pgc, total other stray losses 4Pog; , load Losses 4Pgg, These indicators are considered
in conditions harmonic. In addition The transformer saturation effect, is evaluated. To verify performance
optimization methods, two cases (Case 1 and Case 2), which consist of Cable 1 and Cable 2 is used. for determine
The filter performance to improve power factor and reduce losses, the results have been expressed in both without
filter and with filter explained. Two cables introduced in table 1. Specifications power supply, transformer and, load
is provided in table2.

Table 1. Properties of the cables simulated with the studied system[1]

Cases Cable properties Rcp(Q/km) Xcp(Q/km)
6.35 kV, Trefoil formation, PVC insulated, 0.098 0.1037
Unarmoured, Single core copper wire 240 mm?®

cross sectional area

6.35 kV, Flat spaced formation, PVC insulated,  0.161 0.1634
Unarmoured, Single core aluminium wire, 240

mm? cross sectional area

a
1 ox A&
—
thlF
RF
'X.’.‘F.‘
T

Fig. 1. (a) is Single-phase equivalent circuit of the studied system; (b) and Single-phase circuit of the C-type filter.
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