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Ompumae po3eumox memoo Komnencauii
HeAKMUBHUX CKAA008UX CMPYMié HA8aAHMA-
JcenHs 6 mpuasuiil. mpvonpoeionii cucmemi
eJIeKMPOnOCMaanis Wasxom Ccumempyean-
HSl CUZHAJIIG HANPYeU MEPeXtCi HCUBNEHHSL, W0
BUKJIUKAHI HECUMEMPIEID MEPENCL HCUBTIEHHS.
Ile 0o36ons€ nokpawumu enepzemuuni noKas-
HUKU CUCmeMU eeKmponocmaanis, 3IMeHuu-
MU 3HAUEHHS PeaKMUueHoi NOMYHCHOCMI, nadin-
HS Hanpyeau Ha onopax mepejici, koeiuienm
Hecumempii i Koepiyienm cnomeopenHs cuny-
coioHoCmi cmpymie i Hanpy2 Mepexci HCUBIeHHSL

Kniouosi canosa: axmuena romnencauis,
Kpoc-eexmopna meopis, 010K cumempyeanns,
Hecumempis, vacmomua ooaacmo

= yu

Honyuun pazeumue memod xKomnencauuu
HeaKMmueHvIX COCMABIIOUUX MOK08 HAZPY3-
Ku 6 mpexpasnoil mpexnpoeoonoi cucmeme
INEKMPOCHAOICCHUSL NYMeEM CUMMEMPUPOsa-
HUSL CUZHATIO8 HANPSNCEHUS numarowel cemu,
8bI36AHHBIX HeCUMMempuell numarowel cemu.
Imo nozeonsem YayHwumo IHepzemurecKue
noxaszamenu cucmemvl 34eKmMpoOCHAONHCEHUSL,
YMeHbWUNMD 3HAUEHUE PeaKMUBHOU MOWHOCTIU,
nadenuss HANPAHCeHUsE HA CONPOMUBTLEHUAX
cemu, K03pPuyuenm necummempuu u K03 pu-
UUEHM UCKANHCEHUSL CUHYCOUOAILHOCU MOK 08 U
HanpsiceHull numarowiell cemu

Knroueevie cnoga: akmusnas xomnencayus,
Kpocc-eexmopnas meopus, 010K cummempu-
POBAHUSL, HECUMMEMPUSL, HACMOMHAS 001ACMb
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1. Introduction

Nowadays the share of power-consuming loads of
low-voltage power supply systems defined by nonlinearity of
their characteristics and unbalance of parameters in phases
has greatly increased. Such types of loads include welding
apparatuses, controlled electric drives, electric-chemical
plants, etc. Operation of such equipment results in occur-
rence of higher harmonics in currents and voltages and also
in unbalance of voltages and currents in the power supply
system. Consequently, non-active components appear in the
load currents. According to the papers [1, 2], only the basic
harmonic component being of a sinusoidal form and existing
in the phase with the mains voltage is understood as active
current. All the other load current components caused by the
availability of nonlinear and asymmetric load are considered
non-active [3].

The flow of current non-active components in power
supply systems results in increase of losses in transformers,
transmission lines, reactive power compensator capacitors,
etc. and, consequently, in reduction of the efficiency of op-
eration of low-voltage power supply systems [2—4]. Active
power filters (APF) [4] are used to compensate for them in
the frequency-domain as the most up-to-date, flexible and
efficient devices [5, 6].
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The present economic situation, in particular, the rise of
the cost of electric power for industrial enterprises, causes
the necessity and topicality of the problem of improvement of
the efficiency of compensation for nonlinear and asymmetric
power-consuming equipment negative influence on low-volt-
age supply mains.

2. Literature review and problem statement

It is known that calculations of compensation currents
for APF in three- and four-wire power supply systems are
done on the basis of the known theories of instantaneous
power (IP) [7, 10]: p-q [4], cross-vector [5] and p-q-r ones
[5, 6]. It is known from these theories that all three-phase
power components consumed by the load, apart from IP
constant component, are undesirable [9—11].

However, the author of the papers [10, 11] demonstrates
that under the condition of supply voltage distortion the
efficient compensation for variable components of active and
reactive power is impossible. It is caused by the fact that even
when the sinusoidal character of the load currents is provid-
ed, but there is voltage distortion, the spectra of power vari-
able components will contain higher harmonics and asym-
metric components [11]. The presence of these components




is analytically demonstrated in the papers [10, 11]. As in
APF operating with the use of IP p-q theory only distortions
caused by the load are compensated for [12, 13], compensa-
tion for variable power components under the conditions of
distorted supply voltage will only deteriorate the shape of
the load current signals [2, 11]. It can be explained by the
fact that interpretation of power components according to
the IP p-q theory as well as other theories, does not answer
the question what nonsinusoidality or unbalance is caused
by: the load or the mains [11, 14, 15]. The above said explains
the urgent interest of contemporary scientists [9, 12, 14] in
the problem of research in the frequency-domain and the
time-domain of compensation processes in power supply
systems to improve the method of compensation for current
non-active components when the supply mains voltages are
asymmetric [11, 14, 15].

3. The purpose and tasks of the research

The purpose of the paper consists in improvement of the
method of compensation for current non-active components,
when the supply mains voltage is asymmetric, via research in
the frequency-domain and the time-domain of compensation
processes in power supply systems.

To achieve the stated purpose the following tasks were
formulated:

— analysis in the frequency-domain and in the time-do-
main of the compensation processes for power non-active
components with the use of IP cross-vector theory in the
analytical form;

— revealing the ways to improve operation of the system
of compensation for current non-active components in the
presence of harmonic distortions and supply voltage unbal-
ance with the use of research on mathematical models;

— improvement of the efficiency of operation of power
supply system when asymmetric equipment is connected
under the condition of power supply voltage unbalance.

4. Research of compensation processes in an analytical and
numerical form in the frequency- and time-domains

4. 1. Research of compensation processes in an analyti-
cal form in the frequency-domain

The critical literature review demonstrates that analyt-
ical research in the frequency domain, i. e. analysis with the
use of harmonic components [16, 17], provides better oppor-
tunities for the analysis of supply mains operating modes
and nonlinear load. It allows one to properly research both
simple nonlinear electric circuits [18—20], and more com-
plicated electrotechnical complexes [21] and power supply
systems [14, 15].

That is why an analytical calculation of processes in the
frequency-domain with compensation for three-phase asym-
metric load was performed in the paper. In this case the IP
cross-vector theory was used as the problem posed in the pa-
per consisted in research of the quality of operation of APF,
built based on the IP p-q theory, in the frequency-domain
and in the time-domain under the conditions of unbalance of
supply mains voltage. This choice was caused by the fact that
cross-vector theory is analogous to the IP p-q theory and
all drawbacks described for the IP p-q theory are inherent

in it. Moreover, there is no necessity for transition to o, 8, 0
coordinate system. This essentially simplifies the process
of analytical research and determination of compensation
currents.

During the research in an analytical form it was assumed
that there was no currents influence on the mains voltage
distortion, i.e. power supply system was believed to have
unlimited power. Orthogonal cosine and sine frequency
components were written down in the form:

1
UAai =§U1m’
Uy =0,
1
UBa1 Z_ZUim’
3
Uy, :TUmv
1
UCa1 :_ZUlm’
V3
UCM :_7U1m'

Substitution of numerical values into the analytical
expressions was used for visualization of the initial and
obtained data and also for control of the analytical results
correctness. In this case the following was assumed: maxi-
mum amplitude value of phase voltage U,, =311V, shift angle
of the first harmonic component of voltage ¢,,=0 el. deg.,
shift angle of the first harmonic component of current
¢,,=—30 el. deg.

Orthogonal cosine and sine frequency components of
three-phase current:

3

L. :711“"
L, = —éllm,
L. =0,

Iy :%EBIW
Iey= —?ecllm,
Iey = —%sclm,

where g, €. — unbalance coefficients of phase B and phase C,
respectively. Numerical values of unbalance coefficients
were assumed €,=0.8, €.=1.2. Three-phase asymmetrical
current curves are shown in (Fig. 1).

In case of asymmetrical load, causing amplitude unbal-
ance of the mains currents, there occur variable components
of instantaneous active and reactive IP. When they are
written in the frequency-domain in accordance with IP
cross-vector theory, the following expressions are obtained:



— constant component of instantaneous reactive power:

1
P, =§U1m1m cos(@y, )[1+&; +ec |; @

— cosine orthogonal component of the second harmonic
of instantaneous reactive power:

P, = éUmIm COSQyy [2 —€3—&¢ ] +

3 .
+%U1ml1m Sln((Pll)[SB _SC]; (2)

—sine orthogonal component of the second harmonic of
instantaneous reactive power:

1 .
P, = gUmIm Sln((pn)[2 — &g _Ec]"'

V3

?Uhnllm COS((pH)[SC - £B]; (3)
— root-mean-square (RMS) value of the second harmon-

ic of instantaneous active power:

PZrms = \Y P223 + PZZb =
= %Uhnl

[1+8B2+8C2 —£.85 —E¢ —eB]; 4)

1im

— constant component of reactive power:

3 .
QO = _gUhnIhn SIH((P11)|:1+ &t SC]; (5)

— cosine orthogonal component of the second harmonic
of instantaneous reactive power:

3
Q.= gUﬁﬂLm COS((PM)[‘(:C - 83]+

V3 .
+?U1ml1m Sm((Pn)[Q_SB _Ec]; 6)
—sine orthogonal component of the second harmonic of
instantaneous reactive power:

3 .
Q,,= _gUmIm Sm(q)n)[es - Sc] -

3
—%Umlm1 cos(g,)[2-&5—¢c J; (7

— RMS value of the second harmonic of instantaneous
reactive power:

Qo = \ an + Q.gb =
V3

:TU1mI1m\/[1+£B2 +e. —€.8, — & —eB]. 8)

The study of the obtained expressions in an analytical
form revealed that the level of variable power components
nonlinearly depends on the level of unbalance, and RMS val-
ues of the second harmonic of instantaneous active P, and

2rms

reactive Q,,,.. powers do not depend on the shift angle of the

current phases in relation to voltage. Also, expressions (1)—(8)
showed that unbalance of supply voltage caused appearance of
variable components of instantaneous active power but does
not cause appearance of variable components of reactive
power. Moreover, asymmetrical load results in appearance of
variable components of both active and reactive power.
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Fig. 1. Three-phase amplitude-asymmetrical load current

According to the cross-vector theory compensation cur-
rents in the frequency-domain were calculated:

— for phase A
V3 1

L= _Elm [_2+8B +€c:|; L= _Zlm;
— for phase B

V3 V3 1+e,+¢.
IB31=ﬂllm[1+£B+8C]; IBb1=TI1m % ;
— for phase C

V3 1
ICa1 = ﬂlm [1+£B _580]; Ich1 :§I1m [1+8B _8c]~

Correctness of the obtained orthogonal frequency com-
ponents of compensation current was confirmed by the fact
that when condition e;=e.=1 was substituted into them,
expressions (1)—(8) take a form, describing the operation
of the system with symmetrical load, i.e.: P, =0; P,=0;

3
QZa:O; QQb:O; PZrms:O; QQrms:O; POZEU I COS((PM)' The

m>m

high-quality process of compensation results in achieve-
ment of amplitude symmetry of currents, which is illustrat-
ed in Fig. 2.
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Fig. 2. Compensated currents in mains with asymmetric load

The obtained analytical dependences will allow research
for both small deviations of resistances in phases and for
cases of limit conditions: open-phase fault (¢=0) and short
circuit (1/6=0).

Analysis of IP components depending on the change
of coefficient € of current amplitude unbalance (Fig. 3, 4)



and coefficient 1/¢ of the change of load resistance in one
of phases (Fig. 5, 6) will enable determination of integral
parameters of power processes. They can also be used for
calculation of parameters and adjustment of power of APF.
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Fig. 3. Constant components of active P, (—) and

reactive Q, (— — —) powers dependence on the coefficients
of current unbalance
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Fig. 4. RMS values of components of active P, . (—) and

reactive Q,,... (— — —) powers dependence on
the coefficients of current unbalance
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Fig. 5. Constant components of active P, (—) and
reactive Q, (— — —) powers dependence on the coefficients
of change of load resistance 1/¢ in one of the phases

To find out the mechanism of currents amplitudes
distribution and to determine their dependence on the
unbalance coefficient a study in an analytical form was
performed in the frequency-domain of generation of
compensation currents with elimination of unbalance of
active load. Initial harmonic components of current are
given below:
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Fig. 6. RMS values of components of active P, (—)
and reactive Q,,,,. (— — —) powers dependence on
the coefficients of change of load resistance 1/¢ in
one of the phases

After compensation for undesirable IP components the
following analytical expressions of compensation currents
are obtained:

— for phase A

1 1+e,+¢.
Ty =§I1m |:I§C:|y L= 0;
— for phase B

1. [t+e,+ec | V3 T+e,+ec |
IBM:_ZLm L IBM:T ) et
— for phase C

1. [1+e,+e. | V3. [1+e,+e.
Icm:_zlm | ICb1:_TIIm —5 |

On the basis of the obtained expressions it is possible to
1+e,+e,
3
introduced into the composition of orthogonal components
of current of every phase, which allows balancing of cur-
rent signals amplitudes. That is, currents amplitudes are

averaged.

This conclusion and obtained analytical dependences of
compensation currents will make it possible to determine the
charge of power switches of APF phases and make its correct
choice according to the current of the most overcharged
switch of the inverter.

come to the conclusion that expression » s



It should be mentioned that the analysis of the obtained
expressions for compensation for non-active components of
current in the frequency-domain demonstrated that the APF
correct operation is possible without taking into account
asymmetrical components of supply voltage and harmonic
distortions [14, 15], caused by load impact on current signals
curves. It means that independently of the cause of current
unbalance: load or supply mains, the use of harmonic com-
ponents of voltage, without taking into account their asym-
metric components, in generation of compensation currents
will enable high-quality compensation. It provides certain
possibilities for improvement of compensation methods.

4.2.Research of compensation processes in the time-
domain with the use of numerical mathematical modeling

The following stage of the research consisted in assess-
ment of voltage unbalance influence on compensation pro-
cesses with the use of numerical modeling methods. In this
case a hypothesis was suggested that it is necessary to supply
signals of the supply mains to APF control system (CS) into
the algorithm of compensation currents generation without
taking into account asymmetrical components caused by
unbalance of supply voltage.

A mathematical model of a section of power supply
was worked out for research of modes of compensation for
non-active components of load currents in the presence of
unbalance of supply mains voltages (Fig. 7). It consists of
linear active-inductive load, active-inductive resistances of
the mains, current and voltage measuring blocks, a com-
pensator, a CS compensator, a voltage signal balancing
block (VSBB), and also a separation block (SB) [14, 15].
For performance of preliminary research during mathemat-
ical modeling APF was represented as a controlled current
source. That is, the influence of pulse-width modulation was
not taken into consideration during the analysis of compen-
sation processes.

The linear load parameters: for Py./P,=5 — L;=1-10" Hn,
R,=0.04 Ohm, for Py/P,=20 — L,=3.8-10 Hn, R,=1.8 Ohm.
A throttle with parameters L,=0.3-10° Hn, R, =0.01 Ohm was
inserted in series into the compensator circuit. The level of
unbalance of supply voltage was assessed by the coefficient of
reverse sequence and was assumed equal to 3.98 % for the case
when Pg./P, =5, and 4.03 % for — Py./P, =20. VSBB was used
for realization of the method proposed by the authors (Fig. 8).
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Fig. 8. Voltage signal balancing block

It is designed for balancing signals of supply voltage
before their transfer to compensator CS. Amplitude values
of voltage in every phase are determined in VSBB with the
help of block “Fourier transform” (Fig. 8, I). The obtained
numerical values are added, then averaged (Fig. 8, II), coeffi-
cients K, K, K, are determined by division of the obtained
values by the initial amplitude (Fig. 8, I1I); these coefficients
are necessary for balancing the voltage amplitudes of every
phase (Fig. 8, IV). Thus, thereafter, a voltage signal without
components caused by supply voltage unbalance is trans-
ferred to compensator CS.

5. Results of the research of analyzing
the proposed compensation system
operation in the time-domain
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‘

Resistances of the mains
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5. 1. At asymmetric supply voltage and
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Lec(t
APF CS

VSBB SB

Fig. 7. The mathematical model of power supply mains with a system of

compensation at unbalance

Relation of short circuit (SC) power Py to load power P
equal to five and twenty was chosen during the analysis of
APF operation under the conditions of voltage unbalance.
This corresponds to cases of “weak” and “strong” mains, i. e.
when supply voltages are distorted under the impact of load
currents significantly and insignificantly, respectively.

During the modeling process two configurations of the
researched section of the power supply mains were analyzed:
a source with asymmetric supply voltage — linear symmet-
ric load, a source with asymmetric supply voltage — linear
asymmetric load.

The following values of the parameters of the mains
section SC were assumed for modeling Pg.=1.64-10W.

Balanced load

Unbalanced load

B g
® }
APF

linear symmetric load

A case of operation of a section of power
supply mains with supply voltage unbal-
ance and linear load was considered. During
the research unbalance was introduced into
phase A by the value of coefficient £,=0.885
(Fig. 9). In this case the level of unbalance by
coefficient K, of reverse sequence of voltage
was equal to 3.98 %. In such a system supply
voltage unbalance (Fig. 9) causes amplitude
unbalance of currents at the point of charge
connection (Fig. 10). In this case a known compensator
(Fig. 9, 10) operated rather efficiently — enabling achieve-
ment of current unbalance level according to coefficient
K,y equal to 1.76 %, which is within the admissible norms
[22,23]. Tt is necessary to point out that APF with CS
created with the use of IP cross-vector theory was used as a
known compensator [6, 7].

However, as the author of the papers [9—11] pointed out,
at section II (Fig. 9, 10), where operation of the known com-
pensator is demonstrated, significant harmonic distortion
of voltage and current signal form was observed [14, 15].
They were assessed by the coefficient of total harmonic
distortions of voltages THD,, and currents THD, [23]. For

—a




the considered case (Fig. 9, IT) and (Fig. 10, IT) they made
THD,=9 % and THD,=11 %. It was caused by the fact that
a signal of asymmetric supply voltage was supplied to CS by
the compensator.

To eliminate harmonic distortions of current and voltage

signals, it was proposed to use a separation block (SB) to
separate supply voltage harmonics caused by mains distor-
tion (Fig. 11) [14, 15].
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Fig. 9. Mains voltages (l), after (ll) connection of
a known compensator and after connection of
a compensator with VSBB and SB (lll)
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Fig. 10. Mains currents (1), after (ll) connection of
a known compensator and after connection of
a compensator with VSBB and SB (lll)
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Fig. 11. SB for voltage signals of supply mains

It is intended for elimination from the algorithm of for-

mation of compensation currents [14, 15] of those voltage
higher harmonics at the point of compensator connection

that are caused not by flowing currents of the load but
by power supply distortion. Under real conditions these
voltage harmonics can be caused by powerful nonlinear
consumers connected closer to the power supply.

In SB with the use of fast Fourier transform (CFFT)
transition into the frequency-domain is performed
(Fig. 11, I), which makes it possible to determine voltage
harmonic composition at the point of compensator con-
nection. Determination of voltage harmonics caused by
harmonic distortion in the mains is performed in SB due
to the analysis of the sign of the corresponding frequency
component of active power [20]:

P, =P, +P,+..+F,,, )

where Py,=I, U, +I, U, (Fig. 11, II), n — harmonic num-
ber, I, I, — cosine and sine harmonic components of
current of the n-th harmonic, respectively, U, , U, — co-
sine and sine harmonic components of voltage of the n-th
harmonic, respectively.

According to [14, 15, 21], if the sign of the cor-
responding component coincides with the sign
(Fig. 11, I1I), it means that the corresponding voltage
harmonic is caused by mains distortions. If the signs
do not coincide, it means that the corresponding volt-
age harmonic is caused by flow of nonsinusoidal cur-
rents of nonlinear load. Harmonics caused by mains
distortion are eliminated from the obtained harmonic
composition of voltage (Fig. 11, IV). After that, using
inverse Fourier transform (ICFFT), transition to the
time-domain is performed (Fig. 8, V). After these op-
erations voltage without harmonic components caused
by distortion of supply mains voltage is supplied to CS
by the compensator.

The following parameters (Table 1) were calculat-
ed for quantitative assessment of compensation modes:
THD, and THD,, voltage drop AU at supply mains
resistances, RMS values of variable components of
active p,,. and reactive q,,, powers, constant com-
ponent Q of reactive power, coefficients of unbalance
of current K,; and voltage K, according to reverse
sequence. Also, correspondingly, power AP of losses
at active resistances of supply mains and efficiency n
of the supply mains [24] without taking into account
and taking into account (AP, n,) current displace-
ment were calculated. Current displacement was tak-
en into account by increase of active resitance R, at
the k-th harmonic by vk times. The data are given for
operation modes at Py./P;=5 and Py./P,=20.

The obtained data (Table 1) demonstrated that
compensation with the use of VSBB and SB, in com-
parison with known compensation, made it possible
to achieve better balancing of current signals with
coefficient K,=0.176 %. Also, it made possible to
reach practically zero value of THD, and THD,,
reduction of voltage drop at mains resistances AU;
decrease of reactive power, variable components of
active P, and reactive q,,, powers, decrease of losses
and, consequently, increased efficiency. Such results
are observed at operation modes with both significant
(Pg/P,=5), and insignificant (Py./P,=20) distortion
of currents and voltages signals.



Table 1

Indices of APF operation in mains with symmetrical supply voltage and symmetrical linear load

Palﬁrggzcr/ AU,V |THD,, %| THD, % |q,., VA|P.., VA| Qvar | ABW | APLW | n.% | n.% | Kuu% | Ky %
P, /P,=5
Before 5 s
. 27.84 0 0 1.05-10° | 1.15-10* | 1.22:10° | 1.96-10* {1.965-10*| 92.5 92.45 3.98 3.98
compensation
After
. 314 11 9 1.99-10* | 1.14-10" 100 1.386-10%| 1.386-10"| 94.7 94.69 4.1 1.76
compensation
After comp.
with VSBB 24.25 0.2 0.005 1031 3465 -85 [1.383-10%|1.383-10"| 94.72 97.72 4.25 0.176
and SB
P../P,=20
Before 7.38 0 0 400 110° | 319101 | 1374 | 1377 | 9285 | 919 | 399 | 3985
compensation
After
. 6.55 0.5 5.06 1000 235 40 997 998 94.7 94.69 4.022 1.499
compensation
After comp.
with VSBB 6.52 0.3 21 500 928 -9 994 994 94.73 94.73 4.068 0.092
and SB

5. 2. At asymmetric supply voltage and asymmetric
linear load

A case of operation of power supply mains section with
supply voltage unbalance and asymmetrical linear load was
considered. During the research unbalance was introduced
into phase A of supply voltage by the value of coefficient
€,=0.885 and into phase C of the load by reduction of its
active resistance by 10 % (Fig. 11, 12). In this case the unbal-

ance according to coefficient K,;, of reverse sequence voltage
made 4.03 %.

Under such operation conditions (Fig. 11, 12) varia-
tion of operation indices similar to those in the previous
case can be observed. Compensator with VSBB and SB
enabled reduction of load current unbalance to K,,=1.72 %
and support of THD,and THD,, at practically zero level
(Table 2).

Table 2
Indices of APF operation in mains with symmetrical supply voltage and asymmetrical linear load
Pa‘;j[‘;‘gzer/ AU,V | THD,,% | THD, % | .o, VA| D,per VA| Q,var | ABLW | APLW | n.% | nu% | Ky % | Ky %
P /P=5
Before: 27.25 0 0 3500 | 1.210% | 1.18:10° | 1.89-10¢| 1.910° | 92.8 | 92.05 | 4.03 | 4.87
compensation
After | " p
. 27.2 73 735 | 1310 | 7700 450 | 1.36-101| 1.36210% | 94.71 | 947 | 4.15 | 1.72
compensation
After comp.
with VSBB | 24.15 0.002 0.005 | 5510 5294 | -935 |1.3510°| 1.35-10" | 94.72 | 9472 | 432 | 0.7
and SB
P../P,=20
Before. 7.2 0 0 1002 | 3600 |-3.07-10¢ 1316 | 13164 | 944 | 944 | 4.01 49
compensation
After
. 6.43 0.5 5.05 929 236.4 30 9684 | 9688 | 9471 |94.705| 4.023 | 1.46
compensation
After comp.
with VSBB | 6.42 0.05 0.4 1584 1566 -7 966.3 | 9963 | 94.72 | 9472 | 4.067 | 0.09
and SB
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6. Discussion of the research results of
analyzing the proposed compensation system operation in
the time-domain

The subsystem of balancing the supply mains voltage sig-
nals, proposed in the paper, made it possible to improve the
method of compensation for currents non-active components
under the conditions of the supply mains voltages unbalance.
The performed mathematical modeling of the researched
system and analysis of the obtained numerical data revealed
the efficiency and feasibility of the use of the proposed meth-

od of compensation for currents non-active components in
power supply systems.

Improvement of the method consists in exclusion of
voltage asymmetric components, caused by the mains dis-
tortions, from the algorithm of compensation currents gen-
eration. The latter enabled improvement of the efficiency of
power supply systems operation and the speed of compensa-
tion system operation.

In the future, the proposed method can be applied to
compensation for currents non-active components in the
industrial power supply systems to which nonlinear and
asymmetric equipment with sharply changing operation
mode is connected.

7. Conclusions

1. The analysis in the frequency-domain of the processes
of compensation for current non-active components in power
supply systems with asymmetric load made it possible to
obtain analytical expressions for compensation currents.
It provided the possibility to determine the ways of im-
provement of currents non-active components compensation
methods under the conditions of operation with supply
mains asymmetric voltage. The obtained compensation cur-
rents analytical dependences will also enable determination
of the charge of APF phases power keys and provide its cor-
rect choice according to the current of the most overloaded
key of the inverter.

2. The research of the processes of compensation for load
currents non-active components of a supply mains section
at supply voltage unbalance was carried out in the time-do-
main on a mathematical model. On their basis, it was shown
that the use of the developed method with balancing and
separation of supply voltage signals harmonics, as compared
with the known compensation system, makes it possible to:

— decrease the level of currents signals unbalance with
reverse sequence coefficient by 1.3..1.5 %;

— achieve practically zero value of the currents nonsinu-
soidality coefficient;

—reduce the value of reactive power after compensation
by 15..23 % and voltage drop at the mains resistances by
0.5..23 %.

3. The use of the proposed method made it possible to im-
prove the effectiveness of the power supply system, in partic-
ular, to reduce losses in transmission lines by 0.5 % and to in-
crease the efficiency of the power supply system by 0.3..2.5 %.
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