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The paper substantiates the equivalence of determining the apparent power of a multiphase power supply system with
different transmission line impedances using the Fryze-Buchholz-Deppenbrock method and on a reduced coordinate
basis. Two energy-efficient control strategies for shunt active filtering in the reduced coordinate basis are proposed.
The first strategy provides a unit value of the power factor, and the second strategy minimizes power losses in the
transmission line while maintaining symmetry and the quasi-sinusoidal shape of the consumed currents. The
advantages of using a reduced coordinate basis are a reduction in the number of sensors and key active filter
regulators as well as the absence of the problem to organize the artificial grounding point for phase voltage
measurements. A correction factor for the apparent power and power factor formulas was determined and verified in
the presence of restrictions on the symmetrical and sinusoidal shape of the consumed currents. References 22, figures
5, tables 2.

Keywords: apparent power, power factor, minimization of power losses, control strategy for shunt active filter, reduced
coordinate basis.

Introduction. The apparent power is one of the key concepts of power theory, which has been
evolving for more than a century and a half, and an overview of its main achievements is given in [1]. In
theoretical terms, the correct determination of the apparent power involves solving the optimization problem
of maximizing the active power, which is carried out using the methods of Lagrange multipliers [2] and
integral inequalities [3]. In decomposing the apparent power into quadratic components, complex calculus
[4, 5], electric field theory [6], and geometric algebra [7] are used. In practical terms, the study of the
components of apparent power and power losses in a transmission line [8] is important for selecting and
compensating associated currents or voltages through shunt or series filtering. Despite the variety of power
theories [9] with corresponding definitions of apparent power and its decompositions, which are partly
reflected in the current standard [10], there is a clear criterion [11] for the correctness of the apparent power
definition for the needs of energy-efficient shunt active filtering. It corresponds to the physical meaning of
the power factor and allows experimental verification for minimization of the power loss in the transmission
line. Proposed a long time ago, it does not consider the requirements of modern standards for symmetry and
sinusoidal shape of the consumed currents.

The aim of the paper is to generalize the apparent power formula for a multiphase power
transmission system with different transmission line wire resistances in a reduced coordinate basis,
substantiate and develop energy-efficient strategies for shunt active filtering while ensuring the symmetry
and sinusoidal shape of the consumed currents, evaluate and verify the energy-saving effect of the proposed
strategies.
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The apparent power definition as the geometric mean value of the voltage and current power
losses. The determination of the apparent power of a multiphase power supply system based on the Fryze-
Depenbrock-Buchholz (FBD) method [12] for the case of different transmission line impedances is given in
[2, 3]. At the same time, each of the wires of the m-phase system

(Fig. 1) with resistance r,,k=1,2,..,m is represented by a ' i [ ]
separate phase, the energy processes in which are determined by ' uy
the current j, and the potential difference v,, =v, —v, relative vy i
to the point of artificial grounding with the potential » ™ E
m m
Vo =2 Vi&k | 2 &k3&k =117 Vi 'mu
k=1 k=1 o »
As a result .of solving the 'prot.)lern .of maximizing the active V10 llpm -
power at given asymmetric sinusoidal source voltages and m

transmission line loss power using the Lagrange multiplier
method in [2], and in the general case of periodic currents and
voltages using Schwarz's inequality [3], the authors obtained
identical expressions for the apparent power as the product of
effective voltage and current values. Using notation

Fig. 1. Multi-phase power supply system
with a resistive transmission line model
and coordinates of different reference

1t A ) frames

T ITX (0)y(t)dt =xoy for the scalar product of arbitrary one-

A

dimensional vectors, where " is the transpose sign, these expressions are of the form
SZ\/V+OV+X\/i+Oi+=VI, @8

where i+(t)=”i1,/r1/r g [T o G E, T V+(t)=“v10 FIn Vg Jr B e VorJT T,

normalizing resistance of the transmission line.

The disadvantages of this approach are the increased dimensionality of voltage and current vectors
describing the multiphase power supply system, and the associated increased number of sensors active filter
regulators; the opaque physical content of the quantity v, and the difficulty of measuring this value for

, r 1s the

practical implementation; the difficulty of calculating the ratio (1) when the resistance of one of the line
wires is close to zero, since the resistance of this wire appears in the denominator of the corresponding
coordinate vector v (7).

Let's take a closer look at the first drawback. Since the algebraic sum of the instantaneous values of
the currents of a multiphase system (Fig. 1) is zero according to Kirchhoff's first law, only m-1 of the current
coordinates are independent. Let us choose as independent quantities m-/ of the currents corresponding to

" then the current of the neutral

the line wires, which can be represented by a vector i(f) = ||i1 iy ... im_1|

wire is given by the equation i, (1) = —j"i(¢), where J is a vector consisting of -1 unit.
The set of m voltages, appearing in the vector v, (z), is also linearly dependent, since given the

expression for the potential v, of the artificial ground point: f“ VioZh =§: Vigr — Vo i g, = 0. Therefore, as

k=1 k=1 k=1
shown in a number of authors' works [13-19], the analysis of energy processes of multiphase power supply
systems can be carried out in a reduced coordinate basis using a voltage vector of smaller dimensionality,
u)=lu; wy . w,y|sup =vi—v,s k=1,2,..,m—1, which are calculated with respect to the potential v,,
of neutral wire, which eliminates the problem of organizing an artificial grounding point. The determination
of the apparent power using the specified reduced coordinate basis in the notation of this article corresponds
to the expression

S =/(ioRi)x(ueR u), )
n 0 0
where R=|0 .. 0 |[+7,j"j is a matrix of transmission line resistances that satisfies the matrix-vector
0 0 7,
equation
e(t) =Ri(7) +u(), 3)
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wheree(?) is an EMF vector of a multi-phase power source.
The multipliers of the root in (2) have a clear physical meaning [14]:

ioRi=T" IT[ilz(t)q +i22 (H)r, +...+i,%, (1)r, Jdt = P, is the power loss in the transmission line due to current
flow; uoR 'u= Py is the power loss on the same transmission line impedances caused by short-circuit

mode of the voltages measured at points of common coupling and ig.(r) = R 'u(r) is the current of this
short-circuit mode.
Thus, according to (2), the apparent power of a multiphase system is the geometric mean value of the
power losses from currents and voltages measured at the points of common coupling
S =PrsPsc- (4)
We will show that the definition of (1) has the same physical meaning. It is easy to see that the
square of the second multiplier in (1)

=i, oi, =T ' [ [ (OO +i5 (O, +...+ iy, (O, Jdt = Prg | 7 (5)

is the normalized current power loss on the transmission line impedances.
Let's give a different physical meaning for the square of the first multiplier from (1). To do this, we

m
denote D, =diag(r, r, .. 7, ) and, provided []r =0 we find an equation for the inverse matrix
k=1

R™ = (D, +7,ji")" =[D,+7,D; ji"H™" =@+r,D;'ji")'D;' =

1 a1y 1 Ay 1 (6)
(I_ﬁDrlu/\)Drl =Dr1 _ﬁnrlu Drl :Dg __gg/\ =G,
gm+.] Dr.] gm+.] Dr.] g+
m
—1 . .
where D, =D;' =diag(g, g - €,.1):8 =i'Dy=|gi g - gu.alig. =D g
k=1

Given (6) and the relation between the coordinates of the vector u(¢) and the voltages v,

U 1= Vm V10 Vo
M2 V2" Ym || || V20 Ymo|| _ .
u= = = - =V~ Vmol

U1 Vin-1""Vm Vin-10 Vo

the equation for the vector of short-circuit currents will be as follows

i - 1 : gAV "V gAj
Isc (t) =R lu(t) = (Dg _g_gg/\ )(V() - va-]) = DgVO - [Vmo +% g.
+ +

The last expression in parentheses is zero because

m—1 m—1 m
8" Vo =V,08 i+ & Vo = 2. Vio&k + Vim0 (&4 — 2. &k) = 2 k& =0
k=1 k=1 k=1

due to the marked linear dependence of m voltages v,,.
Let's express the short-circuit power loss in the voltage coordinates of the FBD method:

Poe =ueige =(Vo = v,0i) e Dyvy =vy oD, vy, _Tilj.TVmo(f)[Vm(f)gl V()& + e+ V1o ()& 1t =
=T [ VinOR +va () /1y + ety () I 1, 1dE = (v, 0 v,) [ 1=V [ 7

Therefore, it is the square of the first multiplier in (1) divided by the normalizing resistance r.

After substituting (5), (7) in (1) and reducing the normalizing resistance, we obtain an expression for
the apparent power formula similar to (4). The values that determine the apparent power in the two
coordinate systems discussed above are summarized in Table 1 for comparative analysis.
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Table 1

By FBD method Proposed

Coordinate basis i+(t)=Hi1./r1/r izm immu; i(t):"i1 o im—1||;
V+(’):H"10\/”/ﬁ Voo T/ By vmomu u@ =l uy oty

2

Voltage power loss P (i, oi,)r ioRi
Current power loss P g (viov,)/r uoR u
Appatent power § JOv o )G, o) JoRi) < @oR )

An important practical aspect of changing the paradigm of the apparent power definition as the
geometric mean value of current and voltage power losses is the possibility of its experimental verification as

follows [1, 11]
SE:P\/PLS/PL%IN’ )

. .. . MIN . .. . . .. .
where P=v, oi, =uci is the active power; F;¢ " is the minimum possible power loss in the transmission line

caused by the active current according to the Fryze concept [20]. Measurement of three active powers with
transparent physical content, which are included in the right part of (8), makes it possible to verify the theoretical
determination of the apparent power [21], as well as its modification under additional restrictions on the
consumed currents and voltages to improve the quality of electrical energy at the points of common coupling.

The Influence of the Transmission Line Impedance Ratio on the Determination of Apparent
Power and Energy-Efficient Active Filtering Strategies. Of great importance for the theory of energy-
efficient active filtration is the correct definition of the active current vector which, according to S. Fryze's
conception [20], provides active power P at the points of common coupling at a unit value of the power

factor A = P/ S and guarantees the minimum power loss P%]N in the transmission line. In [14-19] it is

shown that the active current is a fraction of the short-circuit current vector ig.(¢), that is equal to the ratio
of active power to voltage short-circuit power loss:

. P . P -
i) Pec ige(r) WoR 'u R u(?). 9)
The formation of such a current by means of shunt active filtration ensures the minimum power loss in the
transmission line [17]
MIN _ . . P’
PLS :lAORlA :——l (10)
uoR 'u
and the energy-saving effect, which is estimated by the ratio of power losses in the transmission line in the
absence and presence of a filter as follows
. . . . 2
W= }ZifN:-lOR{ ) lORl—l :S_zzﬂ“iz' (11)
P iyjoRiy, pP°/(uoRm) P
When deriving (11), the determination of the apparent power by (2) was used, which indicates its
compliance with the criterion of compatibility with the physical content of the power factor [1, 11] in the
most general case of periodic currents and voltages.
Since one of the constituent part of the apparent power Pg. appears in the denominator of the scalar

coefficient (9), the determination of the apparent power affects the correct formation of the active current
vector. Thus, for the case of identical resistances of line wires » =r, =r,_; =0 and zero resistance of

neutral, the matrix of transmission line resistances is proportional to the unit matrix
R =1, (icRi)x(uo R_lu) =r(ici)x r_l(u ou)=(ici)x(uou), and the apparent power can be determined by
the Buchholz formula as a product of the effective values of voltage and current, and the active current
becomes proportional to the vector of Fryze's formula [20] squared the effective value of the voltage vector
in the denominator. However, as shown in [18], when the resistances of the line wires are equal and the
neutral resistance is non-zero, the formation of active current according to the Fryze's formula does not
provide a unit value of the power factor.

Let us substantiate the active current formula for the purposes of practical implementation of active
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current in active filtration control systems for the general case of different resistances of line wires and

neutral. Since in (2) and (9) the matrices R,R ! can be determined with an accuracy of a constant multiplier,
consider the matrices normalized with respect to the resistance of the neutral wire r,,

R LR
R=—R=[0 .. 0 |+ikpi=r,/r:k=12,.,m-1I;
v,
! 0 0 pl
AN
00 | Pl A el
G=R'=0 .. 0 |-—] .. e | o =142 o
P k=1
0 0 Pm-1 ’ Pm=1|||Pm-1

and find the equation for the reference vector of active current voltages

m=1 m—1
3 Py Z U Pr || P (u —up)py Z Uy Py,
u,H=Gu@)=| .. |[-EH—7J . |= sy =+ (12)

p p
Pm—1Um—1 i Pm—1 (um—l - uO)pm—l '

Taking into account the new notation, the equation for active current (9) will be as follows

» » [0 () —uo (D]

i ()= u,(t)= — . (13)
uety ! Oy (1) — ug (1)]dt
JT kZ_l Prr Oy (8) —uo (D)]dt \[u,,,_, (1) — uo (D)) 01
Normalized short-circuit power is simplified according to
— m-1 m—1 m—1
uoGu =7, P =T [ 3 prtg (O () —uo(Dlde =T~ [ 3 pad ()t =T~ [ Lug(6) Y py (1)t =
k=1 k=1 k=1
a1 5 (14)
=T [, X prug )t =p, T [Lug (Ndt = 3, p Ui = p, U,
k=1 k=1
and the equation for apparent power will be as follows
— — m—1 m—1
S =/(ioRi)x (uoGu) :\/( WG +131jx£z 2 U —p+U§J : (15)
k=1 k=1

If the resistance of one of the line wires (for the n-th is certain) is zero, the equation for the reference
vector of voltages can be found using the limit junction in the following

m—1
2 U Pr
limpn_)oO u =limpn_mk:IT=un;upk ot =(u, —u,)Pr;
1+ o
k=1
m—1
2 Py =1
Upn :Hmpn—mo u, _kle Pp =ty + Z (un _uk)pk'
1+ py k=l;k=n
k=1

Thus, under the condition 7, =0 the equations of the apparent power and active current will be as

follows
. e =l . P =
S:\/(lom)x(uoug« °);1A(t):mug %), (16)
P
=0 m—1 A
where u/;l_ (t): (ul _un)pl v Uyt z (“n _uk)pk (“m—l _un)pm—l
k=Lk#n
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The formulas of apparent power and active current which meet the requirements of modern
IEEE standard. The current standard [10] defines apparent power as the maximum active power that can be
transmitted under sinusoidal and balanced conditions with the same RMS values of voltage and current. To
fulfill this requirement for apparent power definition, equation (2), which includes periodic voltages and
currents of arbitrary shape, needs to be corrected, but is useful as a basis for comparison.

Let the direct sequence detector [22] select a vector of symmetrical sinusoidal voltages u, (z) from

the voltage vector of general periodic shape u(?), then the active current providing the power P at the points

of the general coupling under the additional condition of the same form of consumed currents is determined
as follows [15]

u, (o). (17)

. P
i, @0)= u, (6)=
u u+ u, Oll+

This current differs from the active current (9), which consists of asymmetrical currents at different
values of transmission line impedances and causes power loss in the transmission line

. . P?*(u, oRu,)
Prgy =iy, oRiy, :( ﬁ
+ouy

The resulting value differs from the minimum value by (10). Let's find the ratio of the corresponding
power losses

2
J «(u, oRu,)= (18)

u, ou,

(19)

i :PL%[]N_ P? /Pz(u+oRu+): (u+c>u+)2
LS+

P, “uoRlw (quoqu)2 (u+oRu+)><(uoR_1u).

This coefficient does not exceed a unit value, since (u, o Ru <(ue R_lu) , therefore
(u, ou,)’
(u; oRu, )x(u, oR_1u+)’
and the right side of the last inequality does not exceed the unity in according with the Cauchy-Schwartz

inequality.
Gain in power loss when generating active current (17) in the transmission line

MIN
— PLS — PLS PLS
MIN
PLS+ PLS PLS+

differs from (11) by a factor k,,.The value of the apparent power S, subject to the limitation of the

kLS+ <

=Wkpg, = j'_ZkLS+ (20)

+

consumed currents is also subject to correction, since the minimum achievable value of losses P, ¢, under

this condition differs from (10). In this case, the formula for modified apparent power definition follows
from (8), (11), (19)

S+:P”PLS/PLS+:P\,/?’_szSJr:S kLS+: u+ou+ Sa (21)
\/(u+oRu+)><(uoR_1u)

which allows experimental verification by measuring of the corresponding voltages and powers. Thus, the
value kg, is a correction factor for calculating the apparent power and power loss gains when implementing

limits on consumed currents to improve the quality of electrical energy at the points of common coupling.
Virtual experiment. The purpose of the experiment is to verify the formulas of apparent power (15)

and (21) for the following ratios between the wires of a three-phase four-wire transmission

liner, =r;rg =r/2;r, =r/3;ry = dr. Parameter d varies discretely within 0.1<d <5, the voltage range of a

three-phase four-wire network adopted symmetrical sinusoidal with an effective value U=220 V. Nonlinear
load is a rectifier according to the three-phase half-wave rectifier circuit (Fig. 1), operating on active
resistance R=1 Q. Normalizing resistor resistance » is assumed to be equal to 1 mQ to ensure a ratio
P ¢ < P < P of at least 100 times for each inequality to ensure one percent instability of the load power

under the action of current active filtering compensations and changes in the parameter d. The value of the
transmission line neutral resistance ry is set by the parameters of the units d and r. Without Filter and Short
Circuit units calculate the load power in the absence of a filter and the short-circuit power, respectively,
depending on the parameter d, which are then used for the operation of the Control System unit, which
calculates the values of compensation currents depending on the chosen strategy. The Control System unit
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(Fig. 2) works as follows: Up to time 0.1s there is no compensation, at time 0.1 s the compensation is turned
on, which provides active current in the transmission line, at time 0.2 s compensation is turned on, which
minimizes the power loss at symmetrical sinusoidal currents in the transmission line.

o J = URa & n A
<PLS>p | r=d Short Circuit <PSC> v 2 a
~={d  Without Fiter >ia ica g 7
<PL>
—®{URb
| _ ={ib <PLss <P r ICb Control System
~#=URC
S0 ) e
_+®_ — U g -_3 % LY-XT
n = = — =
URa ,,' In [ ) /{ [} u
P — () n e
[ 1T \AF vy
Ea Ra IRa Ia D1
+
—(V)— ica (= va (V)
URb
2
_@ ,.-’A“\ D.'_rrv'r\,_
Eb Rb IRb D2

@J\
1o
R
URc
— o u
A o, DF——]

_® | S
Ec Re IRe I 03
—————— +
—+|>_'®_ ice (D Wos [’} R
URn
r ) @
Rn IRn

Fig. 2. Computer model of a three-phase four-wire power supply system

The adopted computer model of the
network makes it possible to obtain the
analytical dependence of the apparent power
at (15) on the value of the parameter d. The
matrices R,G for the given resistive
parameters of the transmission line will be as

2d;

follows
“ 1 P 0 Ol
P.W = 1
/ — R=—R=|| 0 pp O {1+ s
150 | \'. PLS ry A
100- \ 0 0 pc
{ \
50+ I|II I\.I I”N dl’ I’N dl’
| 1 :—:—:d; = — = —=
0 . _ . P ey 2
0.00 0.05 0.10 0.15 0.20 0.25 t, s
ry dr
e rl3

Fig. 3 Time diagrams of current consumption (@) and
loss power (b) under different compensation modes

pPse 0 0 1 pal|oa]
G=R =10 pp Of=-—|ps|les|| : Pr=1+py+pp+pc=06d+l.
Ps
0 0 pc Pclllpe
According to (12), we determine the complex effective value
Uy =U(p, +apg+app)! p, =U(d +2da+3da)/ p, =Ud(a+2a)/ p, =~3Ude’™® / p, .

The relative voltage power loss does not depend on the selected load and, according to (14), is
determined as follows
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2
quu pAUA+pBUB+pCUC p+U0—d(1+2+3)U U2 13d6d:
J’_

_dU?(6+36d-3d) _3dU*(2+11d) _ 2 1t5.5d

1+6d © 1+6d  1+1/6d
The currents of the transmission line for the selected load are symmetrical sinusoidal within each third
of the mains voltage period (Fig. 3 in the range 0-0.1s), so the normalized power of current losses at (15)

-1 T/6
ioRi= ijglJrIApB +Iép§1+IN—3+'DA +/33 *Pc I cosz(a)t)dtz
-T/6
_U3+d”! (1+1/2+1/3) [T+2sin(2a)T/6)}_U2(1+11/18d)x 1+3J§
R’T 20 R? '

Substitution of the obtained values of the relative power losses on the transmission line impedances
in (15) gives a theoretical formula for the dependence of the apparent power on the parameter d:
+3J§ . [a+5.5d)1+11/184)
1+1/6d
Fig. 4 presents the graph of this dependence, which is fully confirmed by the plotted points, the
ordinates S/ of which are calculated according to (4) as the geometric mean values of the experimentally

2
S(d)z% 1 (22)

obtained power losses P, g, Py, summarized in Table 2.

3,500E+05

3,000E+05

‘r/*'.-«""‘
2,500E+05

2000+ /
1,500E10%

1,000F+05

5,000E+04

0,000E+00

0 1 2 3 4 5 6
— S theory ® 51 ® 52

Fig. 4. Graph of the apparent power dependence on the parameter d by (15) and experimental points Sj,S,

To verify this apparent power functional dependence from other hand, we use (8) with experimental

determination of the apparent power, where the minimum current loss power P‘LSIN is created by the active
current (13). In this computer model of the power supply system, this current will be as follows

p (uy—up)py Uyg—HU
i (0= u,(t)= (up —ug) pp||=——|2(ug —uy)|;
uou, "wPsc ( s5C5
Uuc —uy)Pc (uc —up)
= WaPatUpPp +UcpC (uA +2up +3uc)d _uy+2up+3uc
0 I+ p4+p5+pPc 1+6d 6+1/d

where u(t)=u, (t)= ||u 4 U Uc ||A is the instantaneous voltage vector at the points of common coupling.

The measurement results of PLAg , P for each value of d are summarized in Table 2, on the basis of which the
points of experimental values S,, plotted on the graph (Fig. 2) of the theoretical dependence S(d) according
to (22) are calculated. We state the complete coincidence of theoretical and experimental data.
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Table 2

d | Pgcx10° P MV | P X 10" | P, Sy x 10° S, x10° ks,
0,2 2,772 55,348 16,818 6,830 19,617 1,239 1,239 0,857
0,4 2,733 68,979 17,043 6,827 19,601 1,373 1,373 0,869
0,6 2,715 82,600 17,146 6,324 19,586 1,497 1,498 0,875
0,8 2,704 96,209 17,201 6,821 19,570 1,613 1,613 0,879
1 2,697 109,808 17,233 6,819 19,554 1,721 1,721 0,881
1,5 2,686 143,758 17,265 6,812 19,515 1,965 1,966 0,885
2 2,681 177,640 17,267 6,805 19,477 2,182 2,183 0,887
3 2,675 245,201 17,236 6,791 19,399 2,561 2,562 0,888
4 2,672 312,492 17,187 6,778 19,322 2,889 2,890 0,889
5 2,670 379,516 17,131 6,764 19,245 3,183 3,184 0,890
To verify the formula of apparent power (21) in the presence of constraints on symmetrical

sinusoidal consumed currents, we calculate the theoretical dependence of the coefficient k;g, on the

parameter d for a given load, build its graph and plot on it the points calculated from the measurement results
P; .. Note that for symmetrical sinusoidal source voltages

kLS+

2
(u cu,)

- (u, 01;_lu+)><(u+ O(_;“Jr) ’

(23)

Moreover, for sinusoidal variable vectors, the integral scalar product is equal to the real part of their phasor
product xoy = Tfle X )y (t)dt = Re(x" xy").

With this in mind, the components of (23) will be as follows

-1

pi 00 1| |~ 1 1M 1|
)= i NN - 210 1L 1U*
u,ou, =3U%Ru, /U=||| 0 pz 0+ azpBazga/Z;quoRm:—a al?| = R
0 0 PEI a p(_;ld all al la/3
UyPy P4 Uy 43 1
= = u u u
Gu, =u (/) =Gu()= - =d| |2ug|-—4—L——C2]|;
L=u,() (1) =|uppp|—to|Ps Up 6+1/d
UcPc Pc 3uc 3
1 * ) - . 1 *
u,oGu, =URe|l @ d2a —UzRe(wJ @ d2 :Uz(G—;].
) 6+1/d 2+1/3d
3a 3
Substituting the obtained values in (23) finally
08% gives the theoretical functional dependence of the
089 s apparent power correction factor on the parameter d:
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Fig. 5. Graph of the dependence of the gross power

correction factor k; g, on the parameter d
applied experimental points
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with

The graph of this dependence is presented in
Fig. 5 by solid blue line. For a given model of a power
supply system with a symmetrical sinusoidal voltages
and different values of transmission line resistances, a
symmetrical sinusoidal active current according to (17)
Uy

. P

ou

+ U+

Uc
The experimental values of the loss rates P,
created by this current in the transmission line
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depending on the parameter d are summarized in Table 2. Using them, according to (17), discrete
experimental values of the correction coefficients k;y,, located in the last column of Table 2 were
calculated and plotted on the graph (Fig. 5) with orange dots.

And in this case, we state the complete coincidence of theoretical and experimental data. The action
of symmetrical active filtration (after 0.2 s in Fig. 3) completely equalizes the amplitudes of the consumed
currents, slightly inferior to energy-efficient active filtering in terms of the power of losses in the
transmission line. For the one presented in Fig. 3 cases d = 2 experimental data of power losses in Table 2

are LSIN=17.267 W and P,¢=19.477 W corresponding to the experimental correction factor kLES += 0.888,
the theoretical value of this coefficient
9/11  9x13
L ixa2
12+2/2

klg, = =0,886

corresponds to an error of 0.2%.
Conclusions.

1. It is shown that the known formulas of apparent power for multiphase power transmission systems with
different transmission line resistances, based on the FBD method, are fully equivalent to the proposed
definition of apparent power in the form of the geometric average value of the power losses on the transmission
line supports from currents and voltages at the points of common coupling. The advantages of the proposed
definition are the reduced coordinate basis, the absence of the problem of organizing the artificial grounding
point, the possibility of verifying the formula of the apparent power by measuring the corresponding power
losses and its modification under conditions of additional restrictions on the consumed currents.

2. Formulas for the active current of multiphase power system with different transmission line
resistances are obtained, which determine energy-efficient active filtration strategies in a reduced coordinate
basis with the achievement of a unit power factor value.

3. A virtual experiment has developed and verified an active filtration strategy to improve the quality of
electrical energy at the points of common coupling. This strategy ensures the minimum power loss of a
multiphase power transmission system with different transmission line resistances at symmetrical sinusoidal
consumed currents.

4. The corrective coefficient for the formulas of apparent power and power loss gain in the presence of
restrictions on the consumed currents was determined and verified by a virtual experiment. Its value can be
used to predict the maximum load of the network in compliance with the existing requirements for the
quality of electrical energy at the points of common coupling.
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Y pobomi obrpynmosano exgisanreHmHicms GUIHAYEHHS NOBHOI NOMYANCHOCII Oa2amopasHoi cucmemu eneKmpoN’CUBLEHHs 3
PpisHUMU onopamu ninii nepeoayi 3a memooom Ppusa-byxeonvya-/lennenbpoxka ma 6 ckOpoueHoMy KOOPOUHAMHOMY OA3UCI.
3anpononosano 06i enepeoehexmusHi cmpamezii KepySaHHs NAPANEAbHOI AKMUBHOIW Qiibmpayicio y CKOPOYEHOMY
Koopounamuomy 6azuci. Ilepwia cmpameeis 3a6e3neuye 0OuHUYHe 3HAYEeHHs KOeiyichma nomydcHocmi, a opyea — MiHiMi3ye
NnOmyosiCHicmb empam 6 il nepedayi nio 4ac OOMPUMAHL CUMempii ma K8aziCUHYyCOIOHOI opMuU CHONCUBAHUX CMPYMIE.
Ilepesazamu BUKOPUCMAHHA CKOPOHYEHO20 KOOPOUHAMHO20 6A3UCy € 3MeHWeHHA KilbKOCMI O0amuuxié i KiYo8UX
pecyisimopie akmueHux Qinbmpis, a maxoxc GIOCYmHIcMb HpobieMu OpeaHizayii MouKu WMYyYHO20 3a3eMAeHHs OJis
sumiprosanns Hanpye. Busnaueno ma eepughixosano xopucysanvuuil koeiyicnm Ons Gopmyn noguoi nomyscHocmi ma
Koeghiyicuma nomy’iCHOCmi 3a HASIGHOCTI 0OMeCeHb HA CUMEMPUUHY MA CUHYCOIOHY (opmy chodcuganux cmpymie. biom.
22, puc. 5, Tabi. 2
Knrouosi cnosa: moBHAa TOTYXHICTh, KOCQII[IEHT MOTYXKHOCTi, MiHIMI3aIlisi BTpaT TOTYXHOCTi, CTpaTerisi KepyBaHHS
aKTUBHUM (1IbTPOM, CKOPOUECHUH KOOPANHATHUI Gasuc.
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