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NETWORK-CENTRIC TECHNOLOGIES FOR CONTROL OF THREE-PHASE
NETWORK OPERATION MODES

Purpose. The development of the control system for three-phase network is based on intelligent technologies of network-centric
control of heterogeneous objects. The introduction of unmanned aerial vehicles for monitoring of three-phase network increases
the efficiency of management. Methodology. The case of decomposition of the instantaneous capacities of the fixed and variable
components for 3-wire system. The features of power balance for the different modes of its functioning. It should be noted that
symmetric sinusoidal mode is balanced and good, but really unbalanced, if the standard reactive power is not zero. To solve the
problem of compensation is sufficient knowledge of the total value of the inactive components of full power (value of the inactive
power) without detail. The creation of a methodology of measurement and assessment will require knowledge of the magnitudes
of each inactive component separately, which leads to the development of a unified approach to the measurement and
compensation of inactive components of full power and the development of a generalized theory of power. Results. Procedure for
the compensation of the current of zero sequence excludes from circuit the source, as the active component of instantaneous
power of zero sequence, and a vector due to a current of zero sequence. This procedure is performed without time delay as it does
not require integration. Only a 3—wire system with symmetrical voltage eliminates pulsations and symmetrization of the
equivalent conductances of the phases of the task. Under asymmetric voltage, the power is different, its analysis requires the
creation of a vector mathematical model of the energy processes of asymmetrical modes of 3—phase systems. Originality. The
proposed method extends the basis of the vector method for any zero sequence voltages and shows that the various theories of
instantaneous power three wired scheme due to the choice of a basis in a two-dimensional subspace. Practical value. The
algorithm and software implementation for the decomposition of the zero sequence current, which allocated the procedure of
obtaining null-balanced vectors of phase and interfacial voltage, calculation of active and inactive instantaneous power is zero
balanced mode. The simulation results obtained in the software package Matlab by the method of visual programming in
Simulink. References 9, figures 5.
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Humezpayua uHmMeN1eKMyanbHolX U CeMeyeHmpUuueckux mexHoN02Uuil 6 Npoyecc YnpaeieHus pedcumMamu padoomol
mpexgaznoii cemu obecneuuearom OnEPAMUEHOCb KOMREHCAUUU HeIUHEeNHOCmell 6 cucmeme 34 cuem OpPMOZOHAIbHOZO0
DPAa3noxceHusa MoKa U UCNOJIb308AHUA MEMO0A DA3UCHBIX PYHKYUIL 014 MUHUMU3ayuu nomeps. bubn. 9, puc. 5.

Kniouesbie crosa: ceTelieHTpHYeCKOe yNpaBjeHHe, OeCIMJIOTHBIN JeTaTeJbHbIH annapar, HoTepH, KauecTBO, MOHHTOPHHT,
MTHOBEHHAsl MOIHOCTb.

Introduction and problem definition. System
processes of intellectualization of Ukrainian electric
power system are based on the introduction of Smart Grid
technologies. The value of this technological
transformation is to redistribute the demand for electric
power at the moments of maximum load, to reduce
additional investments in the reorganization of the power
system in order to increase its productivity [1]. Multilevel
development of the control system of the operation modes
of a three-phase network implies the use of the principle
of network-centricity — the control of heterogeneous
objects of the energy system infrastructure in a single
information and communication management space due
to the formation and maintenance of a single integrated
contextual information environment for all tiers [2].

The concept of network-centric control of the modes
of operation of a three-phase network implies the
formation and maintenance in the actual state of a single
image of the real state in the most understandable and
simple form for the whole system. One of the ways to
achieve these management objectives is to introduce into
the system of operational maintenance of the power
system [1], in addition to the distributed subsystem of
digital measuring modules, a group of unmanned aerial
vehicles (UAV) for monitoring the state of a three-phase
network [3]. Multi-agent technologies for the collection
and transmission of information using UAVs ensure the
continuity of acquisition and the relevance of the
contextual information image of the three-phase network.

Reactivity, asymmetry and nonlinearity of load in a
three-phase system lead to the presence of inactive
components of the total power and causes not only
additional losses of electricity, but also causes the
appearance of pulsations of instantaneous power (IP) —
the energy non-equilibrium of the system. This causes a
decrease in the efficiency, it contributes to the occurrence
of dangerous resonance phenomena during the operation
of the equipment.

Analysis of recent investigations and
publications. The efficiency of the use of electric energy
is determined mainly by the creation of such conditions
for its consumption, under which the required quality of
electric energy supply is provided with minimal losses
[4, 5]. The quality of electricity supply can significantly
affect the power consumption, reliability of the power
supply system [6]. Exceed of the quality indicators of
electric energy above the permissible leads to a reduction
in the service life of the equipment, a decrease in its
efficiency and a violation of the technological process.
Minimization of losses in the 3-phase system is
significantly associated with the possibility of reducing
additional losses that are caused by consumption nodes
with asymmetric and non-linear loads [7].

The goal of investigations is the development of
methods for compensating the inactive component of
instantaneous power in the presence of an asymmetric
load under conditions of network-centric control of the
operating modes of a three-phase network.
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Main materials of investigations. A 3-wire circuit
is a special case of the 4-wire circuit. The introduced
definitions of unbalanced (balanced, really balanced) and
unbalanced (balanced) modes remain valid for the 3-wire
scheme. However, IP of 0-balanced processes are used to
classify modes.

In a 3-wire circuit:

— the active instantaneous power is fully determined
by 0-balanced current and voltage processes

PO =p(0) =i,
— the vector IP coincides with its 0-component
q(t) = qo (1) = q9(D)eg
and is fully determined by gy =qo(t)=ixul e
algebraic projection of the vector IP onto the unit vector
eo which we call a scalar inactive IP.
The decomposition of instantaneous powers into
constant and variable components for:

— active IP:
+T

_ 1 -~
p=r [p@ds pO=p+p@, )
T
where 7> 0 is the arbitrary number;
— inactive (scalar) IP:
+T

D=7 Jaowds GoO=00-70. @

classify processes in a 3-wire circuit.

If active IP has no variable (pulsed) component
Di(#)=0, then mode is balanced. In the general caseB
p=pt)-p#0

obmem ciy4ae and the mode is

unbalanced.
As q(t) =qo(t) = g (¢)eg , then the mode:

— at which inactive IP has no variable component
do =qo(®) =0 is balanced,

— at which the inactive IP is identically equal to zero
qo(t) =0 is really balanced.

Note that the symmetric sinusoidal mode is balanced
and balanced, but it is really unbalanced if the standard
reactive power is not zero.

Decomposition of current in a 4-wire network with
the isolation of zero sequence (ZS). For a 4-wire circuit,
the decomposition of the current i=iy+i, is valid The basis
curves w(f), wy(t) of processes in 3-wire circuit which are
used for the decomposition of the current components, are
complemented by the unit vector of the ZS.

The voltage vector u (measured with respect to an
arbitrary reference point) defines two orthogonal
0-balanced vectors:

— the vector of phase voltages (using a projector
matrix u) = Dyxu ) and
— the vector of phase-to-phase voltages (using a skew-
symmetric matrix uy = K° x u).
At each moment of time, the triple of vectors: wy(?),

wy(f), ey forms an orthonormal basis of the space SO,
since the following orthonormality condition is valid:

L]
w ° ° °
W1 W Wy wy Wy €

W2 0 ° .
x[wiwy [eg]=| whw, wiwy waey | =

1 00
01 0[.03
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€0
The orthogonal current decomposition is valid:
l(t) = ilwl + i2W2 + ioWO = (i'Wl)Wl + (i.Wz)Wz + io (t)e‘o 9(4)
i iy i i
because i=i+ip, and ipu; gy, then for the
decomposition (4) coefficients is valid the following:
.0
w i ou
iy =i wy = i) o = b= P (%)
e o
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Therefore, the decomposition (4) is obtained from
the decomposition for the 3-wire circuit

ﬂ@m+@Qw, ()

uy Uy

iO Zil +i2=

by additional term (7) . This gives decomposition of the
current for a 4-wire circuit (Fig. 1) in vector-matrix form:

p(0)/uy
i(t)=i1+i2 +i0 :[W! W eo]x qo(t)/ll! ,
: ©
(1)
u # 0.
Decomposition is valid at any voltage uy(f) of
0-sequence.
u
U,
U=uy+u
Fig. 1. Current and voltage decomposition in the 4-wire system
(uol]eo)

As po=ugiy, then compensation of current of
0-sequence always compensate power of 0-sequence
(i0=0 = py=0). The converse is not true. In addition, the
part of the vector IP is also compensated.

The proposed basis method expands the vector
method [8, 9] for any ZS voltage u(f) and shows that the
different theories of the IP of the 3-wire circuit are due to

the choice of basis in the 2-dimensional subspace L!z .

Features of compensation by the method of basis
functions. Before the compensation, the current in the
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load network is equal to the current of the source
is(H)=i;(H)=i(t) and can contain the 0-sequence current
regardless of the presence (u( # 0) or the absence (1y = 0)
of the voltage displacement.

Compensation of the current of the 0-sequence i
excludes from the source circuit:

— the active IP of the 0-sequence (both its constant and
the variable components at any 0-sequence voltage);
— the vector IP component due to the ZS.

Moreover, this procedure is performed without delay
in time, since it does not require integration. Integration
and compensation of the 0-balanced current component i,
(collinear phase-to-phase voltage) which determines the
inactive IP, due to O0-balanced current and voltage
processes, does not require integration. Compensation of
currents iy(¢) and i(¢) is equivalent to compensation of the
vector IP and 0-component of active power (if uy # 0) and
is carried out without delay in time. Compensation of
active current:

7 o 20

w = (p (- R) = (10)

! u
is associated with the pulsating component of the active
IP and will require integration. In addition, the expansion
coefficients determine the connection of the current
vector in the aff coordinates of the orthonormal basis in
the 2-dimensional subspace and instantaneous powers and
can be found without intermediate calculations directly
using the measured instantaneous currents i(f) and
instantaneous stress values u(f).

Algorithm and implementation of the current
decomposition program

i) = J410) w0+ q90(®)
w@) @)
ss determined by the following procedures:

— calculation of 0-balanced vector of phase and phase-
to-phase voltage:

w(t)=Dyu(t), uy(t)=K" u(®);

— calculation of active IP and
0-balanced mode:

p!(l) Zi. uy Zi. D! u,

an

w) (1) +ig(H)eg

(12)

inactive IP of

(13)
(14

By the Simulink visual programming method the
program in the Matlab package is implements. The
Matlab package constructs a block diagram of the
program using a palette of mathematical model
components of various specified electrical power devices.
The developed program also implements the current
decomposition (15), the first component of which
provides power supply with constant power:

qo(t)=i* u =i"K°u.

P pi(t t
iZ—W!+p!—()W!+qO—()W!+i0(l)€0. (15)
2] 2] 2]
compensated current
— The simulation results (Fig. 2-5) represent

qualitatively the energy processes in the 4-wire circuit of
power supply, in particular, confirm (Fig. 2) the
theoretically known behavior of the active and inactive
current of pg-theory in the sine-wave mode with

symmetrical voltage: the active current realizing the
active IP and the reactive current realizing the vector IP
(second and third pallets from above) contain a harmonic
of the 3-order.
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Fig. 2. Oscillograms of total current decomposition onto
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Fig 3. Oscillograms of vector and scalar [P decomposition onto

components
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Fig. 4. Oscillograms of scalar IP and components of vector [P
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Fig. 5. Oscillograms of scalar IP and components of vector IP
after compensation

The active current which realizes the integral active

power:
P

i =u![—2J, (16)
U

(Fig. 5, bottom pallet) and provides a mode of
consumption with current in the source circuit at which:

— current is O-balanced iy(/)=0 < ¢'()=0 (middle
pallet in Fig. 5);

— the mode is really balanced ¢(¢)=0 (top pallet in
Fig. 5);

— the mode is balanced py(¢)=p, =F (bottom pallet
in Fig. 5).

Conclusions. Network-centric technologies for
controlling the operating modes of a three-phase network
using multi-agent methods for collecting and transmitting
information using UAVs ensure the continuity of
acquisition and the relevance of the contextual
information image of the state of the power system.

The case of the decomposition of instantaneous
powers into a constant and a variable component for a 3-
wire system is considered. The peculiarities of the power
balance for different modes of its functioning are singled
out. It should be noted that the symmetric sinusoidal
mode is balanced, but it is really unbalanced if the
standard reactive power is not zero.

The zero sequence current compensation procedure
excludes from the source circuit both the active
component of the instantaneous power of the zero
sequence and the vector component caused by the zero
sequence current. This procedure is performed without
delay in time, since it does not require integration.

To solve the compensation problem, it is enough to
know the total value of the inactive components of the
total power (the value of inactive power) without its
detailed elaboration. The creation of a measurement and
accounting methodology will require knowledge of the
values of each inactive component separately, which
necessitates the development of a unified approach to
measuring and compensating inactive components of full
power and developing a generalized theory of power.
Only in a 3-wire system with symmetrical voltage, the
elimination of pulsations and the symmetrization of phase
conductivities are equivalent problems (the power of
pulsations and the power of asymmetry of phase
conductivities are equal). With unbalanced voltage these
powers are different, their analysis for electrical systems
requires the creation of a vector mathematical model of
the energy processes of asymmetric regimes of 3-phase
systems.

Unbalanced loads, which, in addition to additional
losses, lead to asymmetry in the voltage and pulsation of
the energy flow, cause much greater harm to the power
supply than the symmetry of the reactive phase
conductivities (reactive power).
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