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Purpose. Development of technical and algorithmic solutions for complex improvement of electrotechnologic
effectiveness indices of “power supply mains — pumping station” (“SM-PS”) complex, improvement of its energy
efficiency, obtaining its rational structure and operation algorithm of the system of automatic control of modes of
pumping over.

Methodology. Circuit design and algorithmic solutions were developed on the basis of liquid pumping efficiency
indices analysis for various power supply schemes, power circuits connection diagrams and control methods of cen-
trifugal pumping units, which were acquired using mathematical experiments on the developed digital model of
“SM-PS” complex.

Findings. Power supply circuit and centrifugal pump unit connection diagram were developed. A structure and an
algorithm for microprocessor system of automatic discrete-continuous control of liquid pumping modes with con-
stant pressure in the pipeline on the full range of the “SM-PS” performance variation were created.

Originality. A mathematical model of synthesis of discrete-continuous control of liquid pumping modes using
centrifugal pumping units in the structure of the closed-loop system of the pipeline pressure stabilization was devel-
oped.

Practical value. The use of the developed scheme, schematic and algorithmic solutions makes it possible to im-
prove the electrotechnologic efficiency indices of “SM-PM?” complex, in particular, to decrease specific cost of active
electric energy, to improve the power factor, to decrease circuit voltage deviation as well as to reduce consumption of
total and reactive powers, which results in substantial energy saving. The suggested solutions can be applied while
designing new and operating working “SM-PS” complexes.
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Introduction. One of the topical problems of modern
applied science is raising the effectiveness and energy ef-
ficiency of high power electrotechnical complexes and
optimization of their modes. They include electrical en-
gineering systems of pumping stations for oil and water
pipelines.

Pumping stations (PSs) are characterized by high
cost of the equipment, large installed capacity of the in-
dividual units and relative remoteness of the units from
power sources, which imposes the specific requirements
to the electricity supply efficiency and their modes’ con-
trol systems. The large capacity of the units and the fact
that they are distant from the power sources cause both
the impact of the units on each other and the mutual
effect of PS as a whole and the power network (PN). In
view of the growing cost of energy, large energy con-
sumption and low energy efficiency of PS, as well as the
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wide use and importance of high power PS for the na-
tional economy, the improvement of the available and
creation of new energy-efficient power supply systems
and mode control systems for the pumping complexes
PN-PS are of topical importance [1].

The PS energy saving depends on many factors, in-
cluding the hydraulic load of the pumps. In general, the
control task consists in maintaining a constant discharge
head in a specific unit of the hydraulic network for dif-
ferent values of the hydraulic fluid consumption, while
the systems are functioning according to a set optimality
criterion. The highest energy efficiency is offered by a
hybrid continuous-discrete control of PS performance
[2], as in such conditions pumping units operate with
reduced energy loss in their elements, and hydraulic
shocks in the system are eliminated.

Unsolved aspects of the problem. The analysis of the
experimental curves of the PS mode coordinates [1—3]
revealed that the current productivity of the centrifugal
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pumps (CPs) changes over time fairly slowly, except for
the cases of starting or shutting down the equipment and
in emergencies. For instance, according to the data in
the water consumption curve for the water supply net-
work [3], the highest speed of increase or drop in con-
sumption does not exceed 0.1 %/s, and such brief varia-
tions of the pressure in the pipeline hardly influence the
consumption or other mode coordinates [4]. These cir-
cumstances justify the correctness of distinguishing such
prolonged modes of PS and give grounds for regarding
them as close to steady-state modes. For their analysis,
appropriate energy-efficient model solutions should be
developed. It is in such quasi steady-state modes that
the major volumes of electrical power are consumed and
its major losses are sustained, and it is for them that the
application of energy-saving structural and circuit de-
sign solutions will produce the most significant ef-
fect [1].

It is known that selection of this or that method of
analysis, mathematical model and degree of its refining
are determined by the specific features of the object un-
der study and set research objectives. Modelling of the
transients occurring during the operation of high power
electrical engineering complexes is, first of all, used for
studying the indices of dynamics and energy efficiency
of high-speed automatic control systems (ACSs) for
controlling their modes, selecting switching equipment,
finding the reasons for and predicting failures of the
equipment caused by the overloading both in CP [5] and
in the pipeline system [6], and others. Despite the uni-
versality of dynamic modes modelling, it is not always
worth using for the analysis of steady-state modes of
multi-unit systems and complexes.

Analysis of the recent research. The generalized
mathematical model (MM) of the electrotechnical
complex PN-PS (further referred to as PN-PS EC) with
centrifugal pump units (CPUs) proposed in [7] allows
computations of steady-state modes of such a complex
both with non-controlled and controlled units, directly
taking into account mutual effect of the parameters and
hydraulic and electromagnetic coordinates of the mode
[8]. It can be used for selecting an efficient design of the
complex structure, for improving the indices of its
modes, as well as for developing energy-efficient ACSs
for modes control.

Objectives of the article. To solve the task of a com-
prehensive improvement of the PN-PS EC indices, it is
viable to use the approach based on carrying out math-
ematical experiments on the built MM for different cir-
cuit design and algorithmic solutions and disturbing and
controlling effects similar to the real ones. Based on the
analysis of the obtained results of the mathematical ex-
periments on the digital model, it is necessary to sub-
stantiate the CPU rational power and wiring diagram of
CPU, as well as the structure and algorithm of the mi-
crocontroller ACS for the fluid pumping modes within
the whole range of PS productivity and constant pres-
sure in the pipeline.

Presentation of the main research. PN-PS EC being
studied is arbitrary divided into two parts: the power
network and group of the blocks of CPU and the pipe-
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line (PL), which are electrically connected. The CPU
block consists of CP, electric motor (IM or SM), fre-
quency converter (FC) and transformer (T). Such a pre-
sentation stems from the fact that the electric motors of
the different units (for instance, the booster pump mo-
tor and main pump motor) can have equal or different
rated power supply voltages. This information is derived
from the analysis of the indices and parameters of the
PN-PS EC synthesized power supply layout.

The PN-PS EC generalized mathematical model
consists of the mathematical models of PN and CPU
and PL blocks, which are combined using the equations
describing electrical connections and hydraulic cou-
plings between its elements. Let us present the equations
of the mathematical models of the static condition of
some most important elements of the complex.

The CP improved mathematical model is developed
based on the principle of electrohydrodynamic analogy
and makes it possible to take into account the effect of
the physical properties of the hydraulic fluid and rota-
tion speed of the pump impeller on its internal parame-
ters, which significantly enhances the accuracy of mod-
elling the CP steady-state modes [9]
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=Z, (kv* , O, ) Z, = ék , O, ) are complex equiva-
lent hydro resistances of Ps, Wthh are complex func-
tions of the kinematic viscosity £, of the hydraulic fluid

and rotation speed ®, of the CP impeller; R, ,R,, are
relative equivalent hydro resistances of the flow- regulat—

ing valve and by-pass; H, Q2 s Hep ,QCR JH RE. ,Q.RE‘ are
complex discharge heads ‘and volume flow rates of the
idealized CP, real CP and real CP with the flow-regulat-

ing valve and by-pass taken into account; H onom. 1S the
rated discharge head of the idealized CP.

The model of the steady-state mode of the induction
motor was built in d-q coordinates taking into consider-
ation the non-linear static resistance of its main mag-
netic circuit and skin effect. The equations of the IM
model are also written in relative units (all the notations
in the equations are conventional
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The similar approach was used for building the MM
of the steady-state modes of the double-wound trans-
former
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where R, =1, (bW, +b:] +5,%} ).

The frequency converter is represented in a general
form on the basis of the balance between the active and
reactive powers with their losses taken into account
(higher-order harmonics were not considered in the
model)

Uind, 1, ind. + Uierq* 1, ing, AB‘ - Uourdx I outd. + Uoutq, outq. = 0’
Uinq, I ind, Uind, 1 ing, AQ* - Uourq, I outd, — Uomd,. 1 outq; = 0’

where, in relative units, U,,, I;,, U,,, 1, are input and
output voltages and currents of FC; AP,, AQ, are losses
of the active and reactive powers in FC.

Development of the rational power supply diagram
and structure of the energy-efficient ACS for the modes
of the generalized PN-PS EC [7] was performed based
on the results of modelling the steady-state modes of the
diagram of its electrical connections and hydraulic cou-
plings presented in Fig. 1. The analysis of the applica-

________________________________________________________________________________________ S
T5 T4 a T3 T2 T1 Ts
N - §
i Fragment A A " A A i i
i i - Uss
5 FC 3 oL
E 4 :
H i Us
i 3 e ; —
E 2 i
E 1 i N2
S .’ PSS
4
|
IM;-CP; IM-CP, sz
pgH:(Qs) HJ
A
CE®
IM3-CP3 IM4-CP, IMs-CPs
Fig. 1. Hydraulic couplings and electrical connections of PN-PS EC (Variant V0)
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tion of different functions of scalar frequency control of
the IM pump revealed the viability of implementing the
control model

Usl/USZ =(fs1/f;'2)\/Teml/Tem2’

where U, Uy, f1, f;» are the voltage and voltage fre-
quency on the stator; 7,,,, T,,, are electromagnetic
torques for different speeds. Unit 3 is frequency-con-
trolled. Other units are directly controlled by their
switching on or off according to the synthesized algo-
rithm.

PN-PS EC is powered from the line with voltage
U.= 110 xV, S =160 MV-A via the transformer 7
TIH-16000/110. The list of other pieces of the PS
equipment is presented in Table 1.

PN-PS EC operation is controlled according to the
mode of maintaining the constant value of the discharge
head of Hy = 370 m of the hydraulic fluid, which is
achieved by varying the number of the switched non-
controlled CPUs and by implementing speed frequency
control of the Unit 3 IM rotor, depending on the current
value of the inlet productivity Qs, as well as on the se-
lected optimality criterion (for instance, electrical pow-
er specific loss minimization criterion).

The PS under study can maintain a set value of the
discharge head within the whole range of the productiv-
ity — from 0 to 7130 m3/h. This value being exceeded will
cause a reduced head at the pipeline inlet; all CPUs will
be switched on and will run at the maximum speed.

The obtained results of the simulation studies (with-
out taking into account the reactive power compensa-
tion) showed that efficient operation of PN-PS EC be-
ing studied with specified mode parameters is possible
when four combinations of concurrently switched CPUs
are used. The list and numbers of concurrently switched
CPUs within different ranges of the hydraulic fluid con-
sumption (PS productivity) are presented in Table 2.

It was found that the control of the steady-state op-
eration modes of the PN-PS EC design being studied
can be implemented by switching on or off Units 2, 4, 5

on condition that CPUI is constantly on and subject to
the frequency control of the CPU3 motor depending on
the variation of the inlet volume flow rate.

The units should be switched on or off, when the vol-
ume flow rate passes through the values Qy; = 2620,
Qy, = 4300 and Qy; = 5210 m3/h, as it is shown in Ta-
ble 3.

The pumping productivity exceeding 7130 m?3/h will
cause a drop in the discharge head at the PS outlet. If
the volume flow rate drops below the value equal to 10 %
of the rated productivity of PN-PS EC, this will result in
multiple increases in the electrical power consumption.
Such load modes occur quite rarely and are non-typical.
Therefore, we will not discuss the PN-PS EC perfor-
mance indices in these modes.

The diagram of the PN-PS EC power supply shown
in Fig. 1 (variant VO) is not the best from the point of
view of the quantity and rated power of the electrical
equipment. To find out the rational configuration of the
PS power supply layout, let us compare the two variants
of its implementation that differ in the quantity and rat-
ed power of the power supply transformers. Schematic
changes will be made in the PN fragment outlined with
dashes. Further on, only the figure showing the finally
selected variant will be presented.

In the first variant of PN-PS EC power supply layout
(further on referred to as V1), the boosters CPU1 and
CPU?2 are powered from one and the same transformer
T12 TM-4000/35. The main non-controlled CPU4 and
CPUS5 are also powered from one transformer, which is
T45 TM-6300/35. The power supply of the controlled
CPU3 is implemented using the transformer TMH-
4000/35, as in the initial variant VO (Fig. 1). The total
rated power of the five transformers in variant VO
amounts to 15.2 MVA, while for variant V1 the total
rated power of the three transformers is 14.3 MVA.

In another variant, which is further on referred to as
V2, the boosters CPU1 and CPU2 are powered simi-
larly to V1. The power supply of all the main CPUs
(non-controlled CPU4 and CPU5 and controlled
CPU3) is implemented using the transformer T345
TIOHC-10000/35. The rated power of the two trans-

Table 1 formers in V2 is 14.0 MVA.
Pumping Station Equipment The computations carried out on the model showed
that due to the changeover from V0 to V1, all the indices
. Induction Centrifugal improve significantly: the power factor and voltage Uss
Unit | Transf
m ransTormer Motor Pump on the high-voltage buses of the transformer Ts of
Booster | TM-1600/35 | IA304-550Y- |20 HAcH (a) PN-PS EC rise; specific consumption of electrical pow-
Pump 6V1
Main | TM-4000/35 | 4A3M- HM 3600-230 Table 3
Pump 3150/6000¥XJ14 |(c1) Reactive Power Compensation
Table 2 CPU quantity 2 3 4 5
PS Productivity for Different Combinations CPU number 1,3 11,3,4]1,2,3,4]1,2,3,4,5
of Switched on CPUs Rated RSCy, | 390 | 540 980 1160
reactive
CPU quantity 2 3 4 5 power of RSCys | O 650 1260 2700
CPUnumber | 1,3 | 1,3,4 | 1,2,3,4 |1,2,3,4,5 RSC,kVAr | RsC, | 1080 | 1190 | 1440 1440
Variation range | 0... | 2620... 4300... over Variation range 0... |262...| 430... over
of Qs, m*/h 2620 | 4300 5210 5210 of Qs, m3/h 2620 | 4300 5210 5210
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er for fluid pumping, reactive and total power decrease.
When switching from VO to V2, these indices improve
even more.

Comparison of the variants VI and V2 finalizes the
selection of the variant V2 as the best one, as its imple-
mentation requires the lowest amount of equipment
with the minimum possible rated power of the power
supply transformers.

Therefore, the study confirms the viability of using
the variant V2 of implementing the electrical power sup-
ply layout, which enables reducing the quantity of trans-
formers from five to two and, respectively, their rated
power from 15.2 to 14.0 MVA (i.e., by 7.9 %) with si-
multaneous enhancement of the PN-PS EC operation
modes in general.

On the selected base variant V2 of the implementa-
tion of the PN-PS EC power supply layout, we will de-
termine viable points of connecting the reactive shunt
compensation (RSC) devices, evaluate their necessary
parameters and verify the efficiency of reactive power
(RP) modes compensation.

When determining the viable points of RSC devices
connection, the volumes of the consumed RP, required
degree of its compensation and dependence of its value
upon the hydraulic fluid consumption were taken into
consideration. These factors being accounted for, three
viable points of RSC devices connection in the power
supply layout were distinguished:

- RSC,, with the voltage of 6 kV on the low-voltage
(LV) buses of the transformer T 12 that powers the boost-
ers CPU1 and CPU2 (the viability of switching on this
RSC needs a separate technical and economic substan-
tiation, as the effect of the low-power booster CPU on
the total electrical power consumption is insignificant);

- RSCs,5 with the voltage of 6 kV on the LV buses of
the transformer T345 that powers all the main CPUs,
namely non-controlled CPU4 and CPUS5 and non-con-
trolled CPU3);

- RSC; with the voltage of 6 kV at the output of the
FC of the main controlled CPU3 (in this case, the ad-
vantage is the regulating effect of the capacitance, due to
which RP generation will decline as the voltage and fre-
quency at the RSC connection point decrease) [10].

Taking into account the fact that the viability of us-
ing RSC,, needs additional substantiation, we consid-
ered two options. In the first variant, which is further on
referred to as V2.1, RSC,, zero RP is generated. In the
second variant V2.2, RSC,, generates non-zero RP.

Selection of the necessary RSC parameters aimed at
avoiding the RP overcompensation within the whole
range of productivity variation during the PN-PS EC
operation according to the developed control algorithm.
The list and numbers of the concurrently switched on
CPUs and calculated required rated reactive power of
RSC for different ranges of the hydraulic fluid consump-
tion are presented in Table 3.

The analysis of the obtained results shows that
changing the power supply layout from V2 to V2.1 re-
sults in the significant improvement of all the indices:
the power factor and voltage Uss on the high-voltage
buses of the transformer Ts of PN-PS EC rise; specific

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N° 3

consumption of electrical power for fluid pumping and
reactive and total power decrease.

The benefit of using RSC,, is especially felt in case of
the PN-PS EC operation with two concurrently
switched CPUs, when the hydraulic fluid volume con-
sumption is below 2620 m3/h. A significant reduction in
RP consumption within the range of low consumption
values and improvement of this and other indices in all
the consumption ranges occur right when V2 is changed
to V2.2. The comparison of the variants V2.1 and V2.2
(Figs. 2, 3) results in selecting V2.2 as the best one.

Therefore, we can arrive at the conclusion about the
technical viability of using the variant V2.2 (Table 3) for
RP compensation, which brings the value of the power
factor the closest to the figure of one for the hydraulic
fluid consumption varying within a broad range. Gener-
ally, using both variants (V2.1 and V2.2) considerably
raises the power factor against the background of the
falling RP consumption and voltage U, on the high-

3, %

5.0
dcos @

0.0

—

5.0 =
5Q //

-10.0 — /

-15.0 /

2 3 4 5
Units Units Units Units
-20.0 ,
QE 1 Q): 2 Q): 3 ()3)5
-25.0 : : : m/h
0 2620 4300 5210 7130

Fig. 2. Percentage change of the total 6S and reactive 5Q
powers and of the power factor 6sos ¢ of PN-PS EC
as a result of changing from V2.1to V2.2
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Fig. 3. Percentage change of the specific consumption of
electrical power 3Wsp and voltage deviation dUgg on
the high-voltage buses of the transformer Ts as a re-
sult of changing from V2.1to V2.2
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voltage buses of the transformer Ts, whereas a decrease
in the specific consumption of electrical power used for
fluid pumping is insignificant.

The computations on the developed MM for differ-
ent schemes of the PN-PS EC control and reactive pow-
er compensation give grounds for regarding the variant
V2.2 as the best one.

Fig. 4 shows the most viable scheme of electrical
power supply and reactive power compensation and the
developed functional diagram of the feedback ACS for
the PN-PS EC hydraulic fluid pumping modes, which
were designed based on the simulation study. Following
the created control algorithm, the switching devices
2.0...5.2 (V2.2) implement the operating switching of
the electrical CPUs and RSCs in the function of current
consumption of hydraulic fluid. Table 4 presents the vi-
able law of variation of the electrical switching devices’
state as the function of the hydraulic fluid consumption
variation, obtained as a result of the computations using
the created MM (Off — switched off; On — switched on).

Relying on the developed power supply scheme for
the electrical CPUs and the obtained law (algorithm) of
switching on/off of these units and RSCs (Table 4), the

functional diagram of the feedback system of automatic
continuous-discrete control of the hydraulic fluid
pumping modes (Fig. 4) and algorithm of its function-
ing (Fig. 5) have been substantiated. Their use makes it
possible to obtain the best indices of the electrical and
technological efficiency of PN-PS EC out of all the
studied control schemes and algorithms.

It is proposed to implement the developed ACS for
fluid pumping on a microcontroller device (MD)
(Fig. 4). For indirect operating regulation of the head at
the pipeline inlet, a hydraulic fluid consumption sensor
(HFCS) is installed. This sensor outputs a mean value of
the current productivity on the i-1 interval of the time
increment At of the system control vector synthesis.
This mean value Q; is fed into the MD analogue input.

At the first two MD outputs in the function of this
signal, continuous signals of the control law of the speed
(Fig. 6) of the frequency-controlled CPU3 (Fig. 4 marked
as IM3-CP3) obtained on MM are formed. These are the
signals of setting up the voltage Us and frequency fs of
this voltage that are fed onto the input of the frequency
converter FC3. Dependencies of the synthesized rational
law of scalar frequency control of the induction motor

T345 :
N k6\/5£ 610 2 390 150 440 180 ; o
r 1440 KVAr KVAr kVAr kVAr :
Fragment () & M v L L L _L RsCpi\d
L RSCyys I ! e USS
> 4.1—,_51 5
1 —»\ 5.2 21 i
= 22005 i
T ' i | oL
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¢ i L6 L
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Fig. 4. Electrical power supply and reactive power compensation scheme and flow diagram of ACS for PN-PS EC hydrau-

lic fluid pumping modes (variant B2.2)
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Table 4

State of electrical switching devices depending on the PS current productivity Qs

Sw

units 2.0 2.1 2.2 2.3 3.1 3.2 4.0 4.1 5.0 5.1 5.2
QZsm3/h

0...2620 off off off off off off off off off off off
2620...4300 off on off off on off on on off off off
4300...5210 on on on off on on on on off on off
over 5210 on on on on on on on on on on on

[
Time
increment

At
L A A A

Sampling of the sensor
HFCS of the hydraulic fluid
volume consumption Q;

0;€

m>/h

[4300, 5210]

0,€
/2620, 4300]
m*/h

A 4

Switch on SD: 2.0,
2.1,2.2,2.3,3.1,3.2,
4.0,4.1,5.0,5.1,5.2

Switch on SD: 2.0, 2.1, 2.2,
3.1,3.2,4.0,4.1,5.1.
Switch off SD: 2.3, 5.0, 5.2

Switch on SD: 2.1, 3.1,
40,4.1.
Switch off SD: 2.0, 2.2, 2.3,
3.2,5.0,5.1,5.2

Switch off SD: 2.0,
2.1,2.2,2.3,3.1,3.2,
4.0,4.1,5.0,5.1,5.2

L |

Fig. 5. Flow diagram of the discrete control algorithm for CPU and RSC according to variant V2.2 of PN-PS EC

fs* US*
1 1
fS* fm
0.98 0.8
Us
0.96 0.6
2 4
Units Units
0.94 0.4
Q Q:x:
0.92 = 2 i D102
0 2620 4300 5210 7130

Fig. 6. Continuous signals of the CPU3 speed control law
(voltage and voltage frequency of the controlled IM3
stator winding)
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IM3 are reproduced in the two functional converters FC1
and FC2 of the speed regulator SR of the controlled
CPU3 induction motor drive rotation, software-imple-
mented in the microcontroller device MD. Discrete sig-
nals of switching devices’ control are formed according to
the software-implemented algorithm (Fig. 5) in the func-
tion of the hydraulic fluid current productivity Q; in the
logical control block of the microcontroller device MD.
The synthesized rational algorithm of switching on and
off of PU and RSC implements the obtained law (Ta-
ble 4) of operating switching in the function of the current
fluid consumption (required hydraulic power of PS). The
value of the time increment At, necessary for uninter-
rupted operation of the complex, is calculated based on
the results of the experimental studies of the actual dy-
namics of variation of the productivity Q; of a specific PS.

The electrical and technological viability of the
practical use of the developed ACS design for the hy-
draulic fluid pumping modes of the obtained rational
scheme variant V2.2 and the developed algorithm of
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modes control (Fig. 5) is confirmed by the computed
functional curves of the most important indices of the
PN-PS EC operational modes presented in Figs. 7, 8.

These figures also show the similar curves for the vari-
ant VO (thin lines), which allows comparing the mode ef-
ficiency indices of these two variants of PN-PS EC. The
analysis of the obtained curves shown in Figs. 7, 8 leads to
a conclusion about the improvement of these indices, es-
pecially when approaching the nominal operational
mode (subject to full load of all the units). The functional
curves presented in these figures suggest that for the
scheme variant V2.2 as compared to VO, the specific con-
sumption of electrical power by PN-PS EC decreases on
average by 0.3—0.4 %; the power factor rises by 8—10 %;
the voltage deviation on HV buses of the transformer Ts is
reduced by 39—40 %; the consumed total and reactive
powers decrease by 7.8 and 40 %, respectively.

Conclusions and areas of further research.

1. In order to improve the indices of the electrical
and technological efficiency of the PN-PS complex
modes, the study substantiated the viability of using the
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approach based on studying the structures and laws of
controlling modes on the mathematical model of the
steady-state modes of the complex and development of
the rational power supply scheme, structure and func-
tioning algorithm of the PN-PS EC automatic control
system using the data obtained in the mathematical
computer experiments.

2. The mathematical model of PN-PS EC in steady-
state modes obtained by combining the mathematical
models of its subsystems, offers a broad functionality for
a complex study of the indices of electrical and techno-
logical efficiency of the complex exposed to various dis-
turbing effects, laws of formation of the controlling ef-
fects and ACS structures, and power supply and reactive
power compensation schemes.

3. Based on the obtained results of the mathematical
experiments, the rational scheme of the CPU power
supply and wiring and the structure and algorithm of the
microcontroller ACS functioning for fluid pumping in
the whole range of the PS productivity at the stabilized
inlet pressure were substantiated.

4. Tt was shown that the use of the developed circuit
designs, systems and algorithmic solutions in compari-
son with the conventional base variant results in the im-
proved indices of the electrical and technological effi-
ciency of the studied PN-PS EC, in particular, in the
specific consumption of active electrical power reduced
by 0.3—0.4 %, power factor improved by 8—10 %, volt-
age deviation on the high-voltage buses of the trans-
former Ts reduced by 39—40 %, as well as consumption
of the total and reactive powers reduced by 7.8 and 40 %,
respectively. In addition, annual savings of 0.24—
0.25 MW-h of the active power and 21.4—21.5 MW-h of
the reactive power, respectively, are achieved.

The next stage of the research will consist in making
the experimental sample of the developed automatic
feedback control system for steady-state modes of PN-
PS EC under consideration and in studying the efficien-
cy indices during its testing operation.
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EneproedekTBHa cHCTeMA XKHBJIEHHS
Ta aBTOMATHYHOTO KePYBAHHS pPeXUMAMH
KOMILIEKCY ,,eJIeKTPUYHA Mepeka — MOMIIOBA
CTaHIig*

A. C. Hapanuyk, B. I. Jlucax
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Meta. Po3po0seHHsI CXeMOTeXHIYHUX i aJrOpUT-
MIiYHMX pillleHb JJIs1 KOMILIEKCHOTO TTOJIIMIIEHHS 0~
Ka3HUKIiB eJIEKTPOTEXHOJOTIUHOI €(PEKTUBHOCTI KOMII-
JIEKCY ,,eJIeKTpUYHA Mepexa — HacoCHa CTaHIlig"
(,EM-HC%), migBuImeHHs Oro €HEeprooIlamTHOCTi,
OTPUMMAHHS palliOHAJIbHOI CTPYKTYPU Ta aJrOPUTMY
pOOOTH CUCTEMU aBTOMATUYHOI'O KEPYBAHHSI pexKMa-
MM TIepeKadyyBaHHSI PiIIVHHA.

Metomuka. CXEeMOTEXHiUHi Ta aJArOPUTMIYHI pi-
ILIEHHS PO3pO0JIeHi Ha OCHOBI MOPIBHSJILHOTO aHaJi3y
TMOKa3HUKIB eHeproeeKTUBHOCTI MepeKayyBaHHS Pi-
JUHU 32 BUKOPUCTAHHSI Pi3HUX CXEM EJIEKTPUUHOTO
KWBJICHHSI, CITOJIYICHHSI CHJIOBMX EJICKTPUYHMX i Ti-
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NPaBJIIYHMX KiJl 1 CIIOCOOIB KepyBaHHSI TIPOAYKTHUBHIC-
TIO BiIIICHTPOBMX HACOCHUX (TIOMIIOBHX) arperarTiB,
110 OTPUMMaHI B cepii MaTeMaTUYHUX €KCIIEPUMEHTIB
Ha po3po0JIeHiil MaTeMaTU4Hill (KOMIT' IOTEpHilt) Mo-
neni komriekey ,,EM-HC*.

Pesyabratin. Po3pobiieHO cxeMy eIeKTpUYHOro
JKUBJIEHHS 1 CXeMYy eJISKTPUYHUX 1 TiApaBIiyHUX CIIO-
JIy4eHb BiIIEHTPOBMX HACOCHMX arperaTiB, a TaKOX
CTBOPEHO CTPYKTYPY Ta aJrOpUTM POOOTH MiKpOITPO-
1IECOPHOI CUCTEeMM aBTOMAaTUIHOTO HEIepepBHO-INC-
KPETHOTO KePYBaHHS pesKMMaMU TIepeKauyBaHHS Pily-
HU 3i CTaJIUM TUCKOM y TPYOOTIPOBO/i HAa TOBHOMY Jlia-
MMa30Hi 3MiHM TPOIYKTUBHOCTI KomImiekey ,, EM-HC*.

HaykoBa HoBuzHa. CTBOpeHa MOMIE/Ib CUHTE3Y CHUT-
HaJly HeTlepepBHO-IUCKPETHOTO KEPYBaHHS peXUMa-
MU TepeKayyBaHHSI PiAUHU BiAlIEHTPOBUMU HACOCHU-
MM arperatamu y CTpYKTYpi 3aMKHEHOI CUCTeMU CTali-
Jli3alii TUCKY Y TpyOOITPOBOIi.

IIpakTiyna 3HaunmicTs. BukopuctanHs po3pobiie-
HUX CXEMHHUX, CUCTEMHHUX 1 aJTOPUTMIUHUX pillleHb
Jla€ 3MOTY TOJIMIIUTU, Y TTOPiBHSIHHI i3 MPUUAHATAM
06a30BMM BapiaHTOM, OCHOBHI ITOKa3HUKH €JIEKTPOTEX-
HOJIOTiYHO1 e(heKTUBHOCTI KomIuiekcy ,,EM-HC*, 30-
KpeMa, 3MEHIIUTH IMTMTOMi BUTPATH aKTUBHOI €JIEKTPO-
eHeprii, MOKpaIlIUTH KOeMilliEHT MOTYKHOCTI, 3MeH-
IIATH BiIXWJICHHS HAIIPYTU MEPEXi, a TAKOX 3MEHIIH-
TU CIIOXXMBAHHSI TTIOBHOI I pEaKTUBHOI MOTYKHOCTEH,
110 TIPU3BEIE M0 CYTTEBOIO 3A0IMAIKEHHS €eKTPUI-
HO1 eHeprii. 3ampoIroHOoBaHi pillleHHSI MOXYTh OYTU
BUKOPHUCTAHI SIK i Yac MPOEeKTYBaHHS HOBUX, TaK i y
Mpolieci eKCIlTyaTallii Aitouyux KoMmIiekcis ,,EM-HC*.

KmouoBi cioBa: nacocha cmanuis, earekmpuuna me-
pedca, eHepeoegheKmugHicmb, MiKpONpouecopHa cucme-
Ma, anreopumm KepyeauHs

DHepro3gekTHBHAA CHCTEMA MUTAHUSA
1 AaBTOMATHYECKOr0 YNpaBJeHHs PeKUMaMH
KOMILIEKCA ,,3JIeKTPHYECKasi CeTh — HACOCHAs
cTaHmusa”
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HauuonanbHblit yHUBepcUTeT ,,JIbBOBCKasi MOJIUTEXHUKA,

r. JIeBoB, YKpamHa, e-mail: yparanchuk@yahoo.com;
vladyslav.h.lysiak@lpnu.ua

ean. PazpaboTka cXeMOTEXHUYECKUX U aJITOPUT-
MUUYECKUX PEIIeHWI IS KOMIUIEKCHOTO YIIy4IIeHUsI
MoKasaTeJieil 2JIEKTPOTEXHOJIOTMIecKoil appeKTuBHO-
CTU KOMIUIEKCA ,,3JIeKTpUUYeCcKass CeTh — HaCOCHas
cranusg” (,,9C-HC®), moBeIIIeHIEe eTo dHEeprocoepe-
KEHUSI, TIOJIyIeHIEe PAIlMOHAIBHOM CTPYKTYPHI U aJITO-
pUTMa pabOTBI CHUCTEMBI aBTOMATHUYECKOIO YIIpaBie-
HUS peXXUMaMU TTepeKauYMBaHUS XKUIKOCTH.

Metomuka. CXeMOTEXHUYECKHE M aJITOpPUTMUUC-
CKHe pelleHus pa3paboTaHbl HA OCHOBE CPaBHUTEIb-
HOTO aHaju3a nokazaTeneil 2Hepros3(pGeKTUBHOCTU
nepeKayrMBaHMs KUIKOCTU TPU UCIIOJIb30BaHUU pa3-
HBIX CXEM D3JICKTPOTIUTaHUsI, COCAVMHEHMI CHJIOBBIX
BJIEKTPUYECKUX M TUIPABIMYECKUX ILIETeil, a Takke
CITOCOOOB YIIpaBJIEHUsI TTPOM3BOAUTEILHOCTBIO TIEH-
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TPOOEKHBIX HACOCHBIX arperaToB, KOTOPBIC IMTOJTyICHBI
B CEpUU MaTeMaTUYECKMX SKCIIEPMMEHTOB Ha pa3pa-
00TaHHOI MaTeMaTUIECKOI (KOMITbIOTEpHOI1) MOIEIN
KoMmIuiekca ,,DC-HC*.

PesymbraTel. PazpaboTaHbl cxeMa 3J1eKTPOIMMTAHUS 1
cXeMa 3JIEKTPUYECKUX U TUAPABINYECKUX COSIMHEHUI
LIEHTPOOEKHBIX HACOCHBIX arperatoB, a TAaKKe co3daHa
CTPYKTypa U ajJropuT™M pabOTbl MUKPOIMPOLIECCOPHOM
CHCTEMBI aBTOMATUYECKOTO HENpPePbIBHO-IUCKPETHOTO
VIPAaBJICHAS peXXUMaMU TIepeKAUMBaHUS KUIKOCTH C
TIOCTOSTHHBIM JIaBJICHWEM B TPYOOITPOBOIE Ha ITOJTHOM
QaTTa30He M3MEHEHUsI pacxoma KoMiniekea ,,DC-HC*.

Hayunas HoBuzna. Co3gaHa MomIejb CMHTE3a CHT-
HaJla HEeIPEPBIBHO-IMCKPETHOTO YIIPABICHUST PEXU-
MaMU TlepeKayMBaHUS KXUIKOCTH LIEHTPOOEKHBIMU
HACOCHBIMM arperaTaMM B CTPYKType 3aMKHYTOI CH-
CTEMBI CTAOMJIM3AIIMK JaBJICHMS B TPyOOIIPOBOJIE.

IIpakTHueckas 3HauumocTb. Vcronb3oBaHue pas-
pabOTaHHBIX CXEMHBIX, CUCTEMHBIX W aJITOPUTMUYE-
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CKMX pellIeHUI TT03BOJISIET VIIYUIIUTD, IT0 CPABHEHUIO C
MPUHSTHIM 0a30BBIM BapMaHTOM, OCHOBHBIE TTOKa3a-
TeJIN DJIEKTPOTEXHOJIOTMYECKOM 3((HEKTUBHOCTU KOM-
miekca ,,OC-HC®, B 4acTHOCTH, YMEHBIIUTh yIeTb-
HbI€ 3aTpaThl aKTUBHOM 3JEKTPOIHEPIUU, YIYUYIIUTh
KO3 ULIMEHT MOIIHOCTU, YMEHBIIUTb OTKJIOHEHUS
HampsKeHUs CeTH, a TakKXKe YMEHBIIUTh MOTpediIeHne
MOJHOM U PeaKTUBHOU MOIIHOCTEN, YTO MPUBOAUT K
CYIIECTBEHHON 3KOHOMMU 3JIeKTpoaHepruu. Ipena-
raeMble pellieHUsI MOTYT ObITh UCMOJIb30BaHbl KaK MpU
IMPOEKTUPOBAHNN HOBBIX, TaK U B IIpOlIecce SKCIUIya-
TalUM IeCTBYIONINX KOMITIEKCoB ,, DC-HC*,
KimoueBble clioBa: HacocHas cmauyus, sneKkmpuye-
cKas cems, cucmema, 3Hep03hpeKkmusHocms, MUKPO-
NpoyeccopHas cucmema, ar20pumm YnpaeaeHus
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