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It should be noticed that the source inner impedances can constitute, in a general case,
impedances of the transmission system between an ideal source and a load. This fact makes an
analysis of a simple power network possible. A suitable calculation example will be presented at
the conference.
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1. INTRODUCTION

Methods and ways of describing power and qualitative properties of systems with
nonsinusoidal waveforms have not been unified up to the present. However, the definition of
reactive power recommended by International Electrotechnics Committee (IEC) has been changed
many times during the last tens of years. Therefore analysis of possibilities of limiting the active
power losses and waveform distortion in the systems is complex while the obtained results are
often controversia. In the presented project KBN Nr 8T 10a 06811 the following quantities
(generdly accepted in electrotechnics) have been suggested for describing the analysis and
optimization of such systems:

— instantaneous power, active power and apparent power as well as rms values of currents
and voltages,

— multicriterial goal functions of the circuit operating conditions which are based on the
above-mentioned quantities and they describe the active power (energy) losses and distortion of
current voltage waveformsin the systems.
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Such a classical initial basis alows one to become independent of many well-known
definition of the reactive power and distortion power in the systems with nonsinusoidal
waveforms. Moreover, the obtained results have correct physical interpretation and they can be
used for synthesis of compensators modifying the system propertiesin the required way.

2. OPTIMIZATION OF COMPLEX NETWORKS
2.1. Assumptions
To determine the optimized multicriterial goa functions of the complex networks one has
assumed the model of a 3-phase system shown in Fig. 1. It consists of three characteristic
subsystems:
— a supply one, consisting of n ideal sources of three-phase voltage, each of them is

described by the vector e ={e"}, where ke{1l, .. n}, the number of a source
o e {1, 2, 3} the number of aphase,

— aload one, being a set of m loads consuming the given active powers described by the
vector

P =} 1e{1,..m, ae{l23}

— a transmission one, transmitting the electrica energy between the sources and the
system loads.

SUPPLY LOAD

Fig. 1. Model of a network

Each phase of the model presented above contains a nonsinusoidal voltage source and an
equivalent load (Fig. 2).
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Fig. 2. Modd of the n-th phase of a network
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The have been considered:

—ideal sources,

— sources with the series impedance,

— sources with the impedance in form of afour-terminal network,
—loads with the parallel compensator,

— loads with the series compensator,

—loads with the series-parallel compensator.

2.2. Basic problems of optimization
The following problems have been formulated and considered for the assumed model
(Fig. 2) (they are illustrated in Fig. 3). Waveforms e(t) and i(t) of one phase of the source are
illustrated in Fig. 4.
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Fig. 3. Model of one-phase of system considered examples 2.2.1 +2.2.5 by limitations 2.3.2
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Fig. 4. Waveforms e(t) and i(t) of one phase of the source



148

2.2.1. Minimization of rms values of the load currentsi' [1]:

S 21l

0 o=l
2.2.2. Minimization of rms values of the source currents[1, 2]:

mln{z jz (i (t))zdt},

iy I k=1 0 o=l
The result obtained owing to this method is presented in Fig. 5.
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Fig. 5. Theresult obtained for one phase of the system (Fig. 3)
in case of minimization according to formulae 2.2.2

2.2.3. Minimization of the active power losses (power losses) consumed in the transmission
system [1]

{11] o\ o=l k=1 0 o=l
2.2.4. Minimization of rms values and distortion of the currents at the load side when taking
into account the newly introduced optimization goal function [1] (Sobolev norm of these currents)
and limiting the given active powers o the loads [1 4]

mm{Z pBZ J > (o Mt)fdt}

()(xl

mm{z j[zlu ik |3 L j Sk (t)dt)}

2.2.5. Minimization of rms values and distortion of the currents at the source side (Fig. 1)
(Sobolev norm of the source currents [1])

s moq T 3
m}}}{z pBZTI Z(DB 111&(t))2dt}
0
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where: u* = {ul;} k=1,....m,a=1,...,3 — the phase voltages across the transmission system at

the load side; 1ul: {ul(x} 1=1,...,n,a=1,2,3 —the phase voltages across the transmission system

at the source side; DP — symbol of a derivative of the B™ order, B =0, .., S pg — the weight
coefficient.
The results obtained owing to this are presented in Fig. 6:
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Fig. 6. The result obtained for one phase of the system (Fig. 3)
in case of optimization according to formulae 2.2.5

2.3. Realization of the problems

2.3.1. Analysis of the system from Fig.1 has been made for two cases concerning occurance
of higher harmonic sources in the system:

1. The harmonic sources in the system are represented by the supply subsystem consisting of
the nonsinusoidal voltage sources.

2. The harmonic sources generated by nonlinear |oads have been anal ysed.

2.3.2. Optimization problems formulated in Section 2.2 have been considered when limiting

the active powers of the loads P! = {P& } which results in discriminating the set of the network

optimal currents of the minimal distortion and minimal rms values. At the some time the given
flow of the (phase) active powers to the loads is ensured, which enables symmetrization of the
phase powers of these loads. The optimization problems have been formulated in the time domain,
next they have been solved in the frequency domain in which the efficient agorithms and
numerical programs have been worked out [1].

2.3.3. The methods of harmonic analysis have been used to solve the formulated problems,
which has made possible in each of the investigated cases to solve the nonlinear system of
algebraic equationsin relation to the harmonic currents in the network (Fig. 1).
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2.4. Conclusions
The efficient numerical algorithm enabling solution of the above-mentioned optimization
problems [1] has been worked out, realised and presented. This algorithm makes possible to
determine the optimal voltages and currents at the load terminals, and so it allows to determine the
network optima working point (Fig. 1) according to the optimization problems formulated in
Sections 2.2.3, 2.2.4 and 2.2.5.
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1. INTRODUCTION
Various structures of compensators can be obtained due to a network structure, the optimized
quality coefficients, the assumed sets of constrains as well as the classes of systems used for
compensator realization (SLS, parametric, nonlinear). The solutions of five optimization problems

presented in the work [1] are the sets of the optimal active currents i I = {ai fl } of the system
presented in the work (Fig. 1). These currents determine explicitly the distribution of the (optimal)
voltages in al of the network nodes auj = {au& } where o — number of the phase, j — number of

the source or load.
The optimal working points of the network from Fig.1 [1] are therefore determined by the set

of the ordered pairs of the currents and voltages {aij, au’}opt. These pairs are the basis for

determining the necessary compensators which realize the optimal operating conditions in each of
five mentioned cases [1]. To make synthesis of the compensators one uses difference currents
which are difference between the primary currents and the determined optimal ones.



