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JI1st pO3TIISTHYTO1 CHCTEMH KBa3iNepioAndHi KOJMBAHHS TaKOXK € HEMOXKIUBUMU. [le BUTLIIH-
Ba€ 3 TOTO, IO PIBHSHHS KOJIa, SIKIIO 3alIUCAaTH HOT0 y BUIJIS/II CHCTEMH TPETHOTO MOPSIIKY

—d_x_
a

<((11_}t, =—f(x)-20y +F(z), 9
dz _,

| dt

xapakrepue tum, 1o div f(X,y, z) =-20 He 3mintoe 3naka. Tyt f(X, Y, Z) — e Bekrop-QyHKIIis
npaBoi yacTuHM (8). Y bOMY BUTIAJKY, K BIJIOMO, CyOrapMOHIUHI KOJIMBaHHS € HEMOKJIUBUMH.

3anumraeTbes TUTBKU MATAHHS PO MOXKIIUBICTh ICHYBaHHS XaOTHYHUX pyxiB. Ha *kaib, TyT
MPOCTHUX KPUTEPIiB HE iICHYE, TOMY 115 TpoOIeMa 3aIUIIAE€THCS HE BUPILICHOIO.
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The purpose of this paper is to present the principles of symmetrization of a
system supplied from three-phase periodic nonsinusoidal voltage source with
asymmetrical phase impedance. Symmetrization of the system is achieved by means of
connection of the symmetrization system composed of LC two-terminal networks.
Their structure will be determined as a result of proper synthesis process [1, 2, 4]. In
the paper, the system including three-phase asymmetrical star connected load (Fig. 2)
has been taken into account. It is assumed that voltage sour ce has the inner asymmetry

impedance, i.e: A Z.h # Zipn # Zoon @nd asymmetrical load is described by non-
h

singular full matrix of admittance Yy, for the considered har monics. If the system works
without symmetrization its line currents i,,i,,i, are asymmetrical. With the proper

symmetrization network currents become symmetrical and their RMS values and
active power on source impedances become lower, but the source generates the active
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power P, >P;. Deformation of currents of separate phases of the system is reduced,
where as the generally understood source power factor is increased. The solution of
presented problem may be obtained by means of solving the optimization problem
determining the proper purpose function or by means of symmetrical components
theory. In this paper the symmetrization problem has been solved by using the
symmetrical components theory and compensation of reactive power for each of
voltage harmonics under consideration.

Introduction. In works presented earlier, the problem of symmetrization for periodic
nonsinusoidal waveforms has been considered mainly for three-phase and multi-phase systems
supplied from ideal periodic nonsinusoidal voltage sources [3, 5, 6] (Fig. 1). The paper presents a
system which contains a periodic nonsinusoidal voltage source with inner impedances and three-
phase asymmetrical star connected load. It is generally assumed that a three-phase periodic voltage
sourceisreal, and source voltages are symmetrical in accordance with a basic harmonic, i.e.:

N
a7 \ERehz 1E6‘heXp (hot), e, (= ea(t %] 2= ea(t %) (1)

where Es, — RMS complex value of the voltage for the successive harmonics: h = 1,2,...,N,
and A Zah # Zoph # Zech -
h
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Fig.1. The stages of solution of the symmetrization problem for systems
with periodic nonsinusoidal voltage sources.

Problem of the symmetrization. Generally, when two terminal elements (the symmetrizing
system in Fig. 2) which symmetrize line currents are not turned on in the system, i,,i,,i are
asymmetrical. Problem of symmetrization of this system may be presented in the following way:
asymmetrical static linear star connected load described by a diagonal matrix Y, for the considered
harmonics supplied from the real source of asymmetrical voltage should be, by means of LC two-
terminal elements with interfacial voltage (Fig. 2), turned into the symmetrical system from the
point of view of the ideal source terminals (terminals “1”). It is also required that after joining the
symmetrizing system, passive power cannot be consumed from the source for each considered
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harmonic. For the system from Fig. 2 for each considered harmonic the following dependences
aretrue:

Lap Jk Bap 0 0 Uap
Ly | = 0 JxBpe 0 Uy, 2
Ica h 0 0 jcha h Uca h
then:
I; 1 0 -1 jkBab 0 0 ] Uab
| =[l-1 1 of | 0 jBe 0 | |Usl: 3
L] (Lo -t 1) | o 0 jiBeul Ul
where:
Uab Ea - Eb Zza - Zzb 0 Ia
ch = Eb - Ec - 0 Zzb - ch Ib ; (4)
Uca h Ec 'Ea h 'Zza 0 ch dn Ic h
because:

Uabh =Uah ~Uph = Ean -Zanlan = Evn + Zonlons
Upeh =Uph =Uch = Eph - Zpnloh —Ech + Zsenlch s
Ucah = Uch - Uch = Ech - chhIah - Eah + Zza.hIah'

LOAD

SYMMETRIZING
SYSTEM

Fig. 2. System under consideration.



After placing the dependence (4) into (3) we obtain the following formula (5):
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I 1 0 -1][jBy O 0
I| =[[-1 1 0] 0 jyBy O X
I, ) 0 -1 1 0 0 Jk Bea N
M
1 -1 O0|E, 1 -1 0z, O 0 I,
X[{O 1T -1{Ey| =|0 1 -1]f 0 Z, 0 []|I
-101ECh-101 0 OchhIch
N N Z,
and in the matrix form:
I, = MjByNE;, - Mj; B, NZ,, I, (6)
Moreover, the following dependences are also true:
Iop + 1y +1 =0, (7)
Ea Zza 0 0 Ia Zaa Zab Zac Ia VO
Ey| = 0 Zip O [ |Iy| —[Zba Zww Zue| |Ib]| =|Vo (8)
Ec h 0 0 ch_h Ic h an Zcb ch h Ic h v0 h
and after transformations:
Ia Yaa Yab Yac Ea Z za 0 Ia v0
Iy | =[Yoa Yoo Yie Evy| -1 0 Zy, O[] —|Vo 9)
Ic h Yca ch ch h _Ec h 0 0 ch h Ic h V0 h
from relationships (7) i (9) the value V,;;, can be determined as:
1
Von =— [YAEa+YBEb+YCEc'YAZzaIa'YBZszb'YCchIc]h; (10)
ZYocBh
o.B=a
where:
Yah = Yaah T Yoah T Yean 5 Yh = Yabh T Yobh T Yebh 5 Yeh = Yach T Yooh T Yeeh -
Then:
I; Yaa Yab Yac 1 00 1 YA YB YC FEa
Ii) = Yba Ybb ch 0 1 0 - c YA YB YC Eb -
I,c h Yca ch ch h 0 0 1 EYOLBh Yo Yp YC h _Ec h
Y Oﬂ,BZa
L,
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Yaa Yab Yac Zza 0 0 1 YAZza YBZzb YCch Ia
= Yba Yoo Y 0 Zp 0 |=——|YaZn YpZyp YcZi Iy | » (11)
Yoo Yoo Yeelp|l O 0 Z, ZYth YaZa YoZp YcZg|, | LI,
Y o,pB=a
Z A
and in the matrix form:
=Y, (1-Ly B, - Y (Z o, —Zp )1y (12)
Because:
I, I, I,
I | =1, | +|1; (13)

C IC C

h h h
after placing the dependences (6) and (12) into (13) and after the suitable transformations the
following formula can be obtain:

_ -1 :
Ly =14+ Y, (2 - Zy )+ MiyByNZ | [V, (1- Ly, )+ M B NJE = Y By (14)
By applying symmetrical components of voltages and currents we receive the equation:
. -1 .
SIg =1+ Y,(Z 1, ~Zy, )+ Mj, B,NZ,; | [Y, (1-L,)+Mj, B, N|SE; (15)
where:
1 1 1
S=|1 o> «
1 o o
— symmetrical component matrix; o =el'?"; o2 =112,
—Io
Is=1
_12 h
— components of symmetrical conduct currents of the source for h-harmonic;
FEo
ES = E]
_EZ h

— components of symmetrical conduct voltages of the source for h-harmonic.
After transformation of the equation (15) the finally dependence can be determined:

Iy =S"[1+Y,(Z,, - Z,, )+ Mi,B,NZ , | [Y,(1-L,,)+Mj,B,N|SE. (16)

Because the circuit being under consideration is three-phase and three-wire one, so I, = 0 and
E.= 0. When we solve the equation (16), we receive dependences of the type:

Ly = Y1mEin + Yi2nEon (17)
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Ly =YoimEm + YoonEop - (18)
Asiit is assumed that the source voltages are symmetrical in accordance with the basic harmonic,
so for a given harmonic of 3n+1 order there is a positive-sequence voltage, and for 3n-1 thereis a
negative-sequence voltage. Thus, for a given harmonic being considered in symmetrical
components of the source voltage there is only one component. The system is symmetrical, when
the symmetrical component resulting from the harmonic voltage calls a corresponding symmetrical
component of the current, i.e.:

A E;, 20, Ey =0 thusitshouldbe: A 1;, 20, 1,, =0,

he3n+1 he3n+1
so the following condition should be fulfilled:
A Yo, =0. (19)
he3n+1
A Elh =0, E2h # 0 thusit should be: A Ilh =0, IZh =0,
he3n-1 he3n-1
so the following condition should be fulfilled:
A Y =0. (20)
he3n-1

Moreover, for each harmonic being under consideration a condition that the system cannot
consume reactive power from the ideal source (terminals «1») isimposed. It can be noticed that for
each harmonic being under consideration we receive a system of three equations with three
unknown values of the symmetrizing system susceptances | B,;, , By » « Ben from dividing the

equations (19) and (20) into an imaginary part and areal part and from a zero condition of reactive
power consumption by the system. The symmetrization problem for ideal sources considered in
the article [3] resulted in determination of the symmetrizing system susceptances in an analytical
way (results in aclosed form). It isimpossible to obtain such results for the system supplied from
the source with inner impedances. Due to inversion of the matrix with unknown values of the
susceptances | B,y , «Bpn » kBen (formula (16)) — division of the equation (19) and (20) into a
real and imaginary part to determine susceptances of the symmetrizing system results in the
system of nonlinear equations.

That is why a determination of the symmetrizing susceptances value from the equation (19)
and (20) and from a zero condition of passive power consumption by the system has been carried
out in a numerical way, for each harmonic being under consideration. The suitable numerical
algorithm will be presented at the conference.

Conclusions. On the basis of the considerations presented above the following conclusions
can be formulated: — symmetrization carried out according to the described algorithm allows to
decrease RM S values of the source line currents considerably;

— symmetrization of the system causes a symmetrical decomposition of the source phase

currents, i.e.. iy (t)= ia(t g) i,()= ia(t +§);

— after symmetrization the source voltage coefficient A increases, the source supplies a
bigger active power, the active power losses decrease considerably on the source inner
impedances.
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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.



