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JUSTIFICATION OF THE OPTIMUM OPERATION
OF ELECTROMECHANICAL SYSTEM FOR PRODUCTION
AND DISTRIBUTION OF PRESSURIZED AIR

Purpose. To increase the energy efficiency of the electromechanical system of production and distribution of com-
pressed air by applying a new way of controlling the electric drive of the compressor plant.

Methodology. The following methods are used: method of parametric optimization (scanning) — to solve the
problem of conditional optimization of the duration of the compressor state on each control cycle, with different
charges of compressed air Q; method of approximation of the initial data of the electromechanical system; regression
analysis — when constructing a nonlinear dependence of compressor performance and loss of compressed air.

Findings. The reasons of low energy efficiency of electromechanical system for production and distribution of
pressurized air, based on the reciprocating compressor, were considered. Correlation and mutual influence of sepa-
rate system’s elements and their modes of operation were analyzed. The analysis of energy dissipation levels in the
elements of electromechanical system was carried out to improve the method for controlling the electrical drive of
compressor by applying new engineering solutions. Analytical dependences of the efficiency factor on energy dissipa-
tion levels in certain elements of the system and its duty parameters with two-step action of compressor output were
established. A mathematical model for calculation of the coefficient of efficiency of the electromechanical system was
carried out; the optimization problem for the operation parameters was formulated and solved, with certain assump-
tions and limitations, upon condition of two-step action of the electrical drive of the compressor. The proposed
model is distinguished from existing models by the possibility of operation regimes accounting for all elements of the
electromechanical system to determine its energy indicator — the coefficient of efficiency. The results of parametric
optimization of operational regimes of the electromechanical system for production and distribution of pressurized
air, with different levels of pressurized air consumption, were proposed.

Originality. It is proved that with an increase in the performance of air compressors with the proposed method of
control, the efficiency of the system increases in comparison with the traditional method for controlling compressors,
which increases the energy efficiency of the electromechanical system as a whole.

Practical value. The algorithm of control of compressor power consumption, which reproduces the principle of
determining the costs of compressed air on the basis of measuring the speed of pressure change in its receiver, is de-

veloped, and it allows predicting the duration of the control cycle.
Keywords: electric drive, the compressor, electromechanical system, pressurized air

Introduction. Providing the pressurized air to con-
sumers is an energy-intense process. The coefficient of
efficiency for a compressor plant of pressurized air dis-
tribution system is comparably low, that is why the cost
of pressurized air production is high.

Systems providing the pressurized air, based on the
piston-type compressor plants, hold the specific place.
Generally, they are some widespread systems of low ef-
ficiency that have one compressor plant and small dis-
tribution network. Adjustment of the compressor’s effi-
ciency is carried out by the control of the electric drive.
These plants, like other similar ones, also have low en-
ergy efficiency caused by energy dissipation. A need in
reduction of energy dissipation on every process stage
arises.
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Analysis of the recent publications and problem state-
ment. Analysis of the literature indicates that decisions
directed towards the improvement of energy efficiency
of the pressurized air production, focus on the individu-
al elements of the system (compressor plant, distribu-
tion system of pressurized air). These results were not
generalized and were not considered in terms of the en-
ergy efficiency of the whole process. The investigation of
a pressurized air production system, which composes of
elements that are correlated and have mutual influence
on each other (supply chain, compressor, pneumatic
circuit) allows approaching the analysis of consistent
electromechanical processes, and proposing technical
solution for compressor control, which provides in-
creased energy efficiency of the process as a whole.

Objectives of the article.The aim of this study is to
increase the energy efficiency of electromechanical sys-
tem for production and distribution of pressurized air
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through the application of a new method for controlling
the electric drive of the compressor plant.

Presentation of the main research on operation pecu-
liarities of electromechanical system elements. The op-
erational regimes of electromechanical system’s ele-
ments were examined. The methods for control of op-
erational regime parameters of pressurized air produc-
tion complex as well as energy dissipation on its elements
were analyzed [1, 2].

High energy consumption of the conversion process
from the electrical energy into the energy of pressurized air
results from a number of important factors. The level of
energy dissipation in the elements of the system is primar-
ily caused by features of construction and their operational
regimes. It is noteworthy, that the constructions of existing
compressor plants and pressurized air distribution systems
do not provide the high values of efficiency of the system
and need some improvement. At the same time, existing
operational regimes of compression plants also should be
improved. Proceeding on the position that these plants
have electric drives, there is a need to develop methods for
controlling the electromotor in order to improve the en-
ergy efficiency of processes proceeding in these plants.

Scientific research studies concerning determination
of energy dissipation in separate parts of the system have
been conducted by outstanding scientists. Analyzing
these works, we got the conclusion that they for the
most part are focused on the definition of energy dissi-
pation coming from the changes of mechanical param-
eters. Operation regimes of electric drive were not ana-
lyzed at all, or analysis was simplified, with the intro-
duction of some significant assumptions. Another fea-
ture of the studies, held in this area, is that the definition
of energy effective operational regimes is carried out
without operational links of separate elements of com-
plicated system (power supply chain, compressor, distri-
bution system of pressurized air), that is why optimal
operation regimes of separate elements cannot be con-
sidered optimal for the system in a whole. There is a
need for optimization of operational regimes of this sys-
tem in order to achieve the maximum energy efficiency.
Based on the fact that the energy efficiency of the pro-
cess mostly depends on the regulation of the compres-
sor’s effectiveness, the most common methods for regu-
lation involving the use of mechanical devices were con-
sidered as well as different methods for controlling the
electrical drive. Advantages and disadvantages of these
methods were disclosed.

This research deals with systems for pressurized air
production, which are based on piston-type compressor
plants. These compressors are widely applied in indus-
try and agriculture through its ability to solve a substan-
tial number of existing problems, simple construction
and high reliability. Typically, they use two-step action
of the compressor’s effectiveness that provides periodic
cycling of the compressor’s electromotor to increase the
pressure on the receiver. During the consumption of
pressurized air, the pressure varies between maximum
P and minimum P,,;,, values. Accepted limits of pres-
sure P,;, and P, are denoted, on the basis of technical
characteristics of pressurized air consumers. It is clear
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that such method for productivity regulation is caused
by the need to ensure operational characteristics of con-
sumers and is not intended to increase energy efficiency
of the process. The authors seize the room for perfection
of such method for controlling the compressor’s electric
drive by introduction of new technical solutions, which
decrease energy dissipation [2, 3].

The analysis of energy dissipation in the elements of
the electromechanical system was carried out in order to:

- determine a list of the operational parameters that
have a significant impact on the efficiency of the whole
system;

- establish analytical correlations, linking the level of
energy dissipation in separate elements of the system
with determined parameters;

- make quantitative assessment of energy dissipation
in separate elements of the system, which will identify the
most energy-intensive parts of total energy dissipation.

The analysis shows that the main parameters that
significantly affect the level of energy dissipation in all
elements of the system are the pressure in the receiver of
compressor P, and the level pressurized air consumption
of pneumatic receptors Q. The value of Q depends on
the voltage level of pneumatic circuit and therefore may
be considered as a parameter that cannot be regulated.
The value of P, can be changed during controlling of the
compressor’s electric drive and therefore can be consid-
ered as a controlled parameter [4, 5].

Analytical correlations linking the level of energy
dissipation in separate elements of the system with op-
erational parameters at two-step action were established.
At determining correlations, the following assumptions
were considered:

- voltage supply of asynchronous motor is constant
(U= constant);

- efficiency of asynchronous drive of compressors in
the process remains almost unchanged;

- influence of air-intake temperature on power con-
sumption is considered insignificant;

- calculation of the operational parameters is per-
formed for 20 °C (7, =20 °C).

The following components of energy dissipation
were determined:

- real energy dissipation in electrical network

AE,, =1, 3rlx
i=0
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where r, is electrical resistivity of conductor, Ohm/km; /
is the length of the line, km; ¢, is duration of pressurized
air pumping, hours; P, is pressure, Pa; Oy, is volumet-
ric effectiveness during pumping, m®/s; n is the poly-
tropic coefficient for piston-type compressors; n,, is the
coefficient of motor efficiency; 1,,, is indicated efficien-
cy of polytropic compression process; 1,,..; iS the me-
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chanical coefficient of efficiency that takes into account
dissipations from friction of crank mechanism and the
piston of compressor; U is voltage of power supply; P, is
pressure in the pneumatic circuit, Pa; m is the number of
iterations during the incensement of pressure;

- energy dissipation in asynchronous motor and
compressor plant

n-l

})2 2n 1
AE,, —tlzz{n_ jPQ,mmp [P] -1
1

nmechn pol nm

-P,

tIZP ( B, +Be B;]],

where B, B,, B, are estimated coefficients of the com-
pressor’s productivity;

- energy dissipation in the piping system for pressur-
ized air (during pumping of pressurized air)

AEpy =Y P, [co +Ce j
i=0

where C,, C;, C, are estimated coefficients of pressur-
ized air loses in pneumatic circuit;

- energy dissipation in the piping system for pressur-
ized air (during purging of pressurized air)

L n
ty 2l — |P
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i=0
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i=m

where t, is duration of pressurized air purging, h; k is the
total number of iterations.

The level of energy dissipation in the elements of the
system was analyzed (Fig. 1).

The analysis of energy dissipation in the elements of
the system shows that the operating conditions of elec-
tromechanical system with small electrical network
pneumatic circuit has the biggest values of dissipation in
the system, %. A lower level of dissipation is observed in
the “drive — compressor” system, and there is some in-
significant dissipation in the circuit.

In the process of changing the consumption level of
pressurized air Q it is possible to change the upper limit
of pressure P,,,, in the receiver of the compressor in each
cycle of two-step action in order to decrease the level of
energy dissipation of the system. [6, 7]. In order to de-
termine the optimal level of P,,,, the parametric optimi-
zation problem was formulated and solved.

The mathematical model for determination of the
electromechanical system’s efficiency was developed, the
problem regime parameters optimization during two-step
action of compressor drive was formulated and solved.
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To determine the optimum value of the upper limit
of pressure P, ,,, the parametric optimization problem
was formulated [2] and solved. The mathematical model
was developed that correlates the value of efficiency (n)
of the electromechanical system with regulated param-
eter P, and the level of pressurized air consumption Q,
which changes during the operation of the system. The
correlation 1 (P, O) is presented below.

Maximum pressure in the receiver is

Pmax =Pmin +iAP2[,

i=0

where AP, is increase in the pressure in the receiver at
step i of the iterative process, Pa.

ho_hth

= ; T.=t +t,,
At At e R

where At is an iteration step, h; T, is cyclic time, h.
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where T is temperature, K; R is gas constant for air,
J/(kg x K); ris density of air at normal conditions, kg/m?;
Vis volume of pneumatic receptors in the circuit, m>.
The proposed model is distinguished from the exist-
ing models by the possibility of operation regimes ac-
counting for all elements of the electromechanical system
to determine its energy indicator — the coefficient of ef-
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Fig. 1. Dependency graph of the relative energy dissipa-
tion in the elements of the electromechanical system
vs. consumption level of pressurized air Q
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ficiency. The dependence of efficiency change of the
electromechanical system on the pressure level of pneu-
matic system P,,,,,in the interval of'its change from P,
to P .aim Under different levels of pressurizer air con-
sumption Q (from 1—11 m?/min) was determined [2, 8].

At the values of the upper limit of pressure P oy
near P,;,, efficiency of the electromechanical system is
low due to the impact of energy dissipation during start
E,,, Further, as the value P,,,,,,, is increased, efficiency
increases as well; this is due to reduction of energy dis-
sipation in the pneumatic circuit when the pressure
AEry+ AE g decreases. This trend holds until efficiency
reaches its maximum value. Then efficiency decreases
due to the incensement of energy dissipation in the
pneumatic circuit during pressurized air pumping
AE;y+ AErgand in such elements like “drive-compres-
sor”.

It is obvious from the constructed dependence n
(P, O) that it has an extreme, and it is a prerequisite
for controlling the compressor‘s electric drive, and this
will provide the maximum efficiency in each cycle of the
two-step act by means of upper limit of pressure P, ,,,,
regulation.

The optimization criterion was justified. It was of-
fered to use analytic dependence of the efficiency of sys-
tems for production of pressurized air on the upper lim-
it of pressure in the receiver (P,,,,) as a target function in
in each cycle of the two-step act of the compressor’
drive. It is necessary to ensure the maximum value of
efficiency

N(Pay) — Max.

Optimization problem is solved under constraints.
They are the limits of pressure in the receiver

Pmin < Pmax.opt < Pmaxlim'

A limited frequency of starting for asynchronous
motor per hour is

M< Mim'

The determination of the target function’s extreme
value during the solution of the parametric optimization
problem was made by scanning method. Optimal values
of the target function’s (efficiency) maximum at differ-
ent dissipation levels of pressurized air by pneumatic
receivers and considering constraints listed above [2].

Results of the study on electromechanical system op-
eration parameters. The dependences of optimum levels
of pressure Pmax opt on the air losses level Q and effi-
ciency values that correspond to P,y ., are shown below
(Figs. 2, 3). Dependence, shown in Fig. 3, shows that
while the pressurized air losses level Q increases, the
system’s efficiency level increases if values of pressure
are equal to Py opr

However, dependence shown in Fig. 2 shows that the
limit for a frequency of starting of asynchronous drive of
the air piston compressor is active when pressurized air
losses are equal to 0 to 9 m?/min. That is why we came
to the conclusion that high level of operation system ef-
ficiency can be reached at high level of pressurized air
losses Q.
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Fig. 2. The dependence of optimum upper levels of pres-
sure Py, 0n the pressurized air losses level
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Fig. 3. The dependence of the system’s efficiency level on
the pressurized air losses level Q at optimum values of
Pmaxopt
Discussion of the results of studies on pressurized air

losses effect on the electromechanical system efficiency.

Calculation of efficiency at optimum regime parameters

shows that the increase in the pressurized air losses is

accompanied by boost of the system’s efficiency.

The solution of optimization problem enables to
elaborate an effective method for controlling the com-
pressor’s electric drive [2].

A new method of two-step action of electric com-
pressor was proposed.

The essence of the proposed method lies in the fact
that in each cycle of two-step action of the compressor
we should determine the level of pressurized air losses
Q and depending on its value set an optimal value of
the upper limit of pressure in the receiver (Ppuyop),
which provides the maximum level of efficiency (n).
Thus, the specific feature of the proposed method for
controlling lies in the fact that the value of pressure
P, for each cycle of performance regulation is not
constant and is changing in order to obtain maximum
value of efficiency.

The problem of regime parameter optimization was
solved for systems of different productivity. Albeit the
difference of quantitative characteristics, the nature of
the dependencies remained unchanged, confirming ap-
plicability of the developed method.

It was proved that when there are no restrictions on
the frequency of starting, per hour (it increases to
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30—40) of the compressor’s asynchronous motor at low
levels of pressurized air losses (consumed by pneumatic
receivers) it is possible to decrease the level of consumed
energy. In a case of significant restriction on the fre-
quency of starting (settled by nameplate data) power
savings can be obtained only with considerable losses of
pressurized air Q (Fig. 4).

The performance simulation of operational regime
of the electromechanical system for different options of
the compressor’s productivity management, namely:
energy consumption of the electromechanical system
during one hour according to the classic two-step ac-
tion; by two-step action with optimal upper level of
pressure; by applying two-step action with optimal up-
per level of pressure and given restrictions, had proved
that the proposed method with changing upper level of
pressure provides reduction of power consumption. In
comparison with the classic two-step action, saving of
up to 1—13 % can be obtained.

The algorithm of controlling the electric drive of the
compressor plant and circuit realization of the proposed
method ware elaborated.

The features of the proposed algorithm are the fol-
lowing:

- it ensures definition of pressurized air dissipation
by receivers, based on the rate of pressure change in the
pneumatic circuit;

- it makes forecast of cyclic time of controlling 7,
and, consequently, the value of the upper level of pres-
sure P, based on the limit frequency of starting for
asynchronous motor per hour;

- it provides a definition of energy dissipation in the
elements of electrical complex and corresponding level
of efficiency for the cycle at a given level of pressure
Pra

- it fulfills the selection of maximum efficiency (n,,,)
and the corresponding value of maximum pressure
P max opt*

An experimental verification of regime parameters of
the system, obtained according to the proposed model,
was performed. Comparison of experimentally obtained
values and the theoretical (simulation results) values
shows that the computational error is less than 0.1—3 %.
This comparison confirms the compatibility of the pro-

150
100 H
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1234567 8 910M1

| Q, m¥min

B Traditional B Proposed

Fig. 4. The dependence of the compressor’s “on” condi-
tion duration on pressurized air losses
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posed mathematical model to the original modeling
problem.

Experimental studies have confirmed that for the
proposed electromechanical systems at low levels of
pressurized air dissipation the electric energy saving is
almost absent, while at high levels of pressurized air dis-
sipation it reaches 13 %.

Analysis of existing hardware of controlling of air
piston compressor plants has shown that for the devel-
oped method for controlling it will be appropriate to ap-
ply the system based on the industrial program control-
ler. It will not only provide continuous monitoring of
necessary parameters (including pressure level), but also
has other significant advantages in comparison with the
relay system.

Implementation of the developed method for control-
ling piston compressor plants will allow saving energy at
small levels of pressurized air dissipation (1—8 m?/min) at
average of 3 to 25 thousand UAH /year, and at signifi-
cant levels (9—11 m’/min) — from 40 to 85 thou-
sand UAH /year.

Conclusions. Our research has helped to solve a sci-
entific problem, which involves justification of the opti-
mum operation of the electromechanical system for
production and distribution of pressurized air and its
realization by means of compressor drive controlling.
The problem of parametric optimization of operational
regimes for the electromechanical system was formulat-
ed and solved. It was proposed to use efficiency of elec-
tromechanical complex as a target function, and deter-
mine it for each cycle of two-step action of compressor
drive. Constrains were imposed upon the frequency of
starting of electric motor for some period of time and
upon the level of air pressure in the pneumatic system.
The essence of its solution involves the usage of possi-
bilities of compressor drive controlling in order to im-
prove energy efficiency of pressurized air transformation
and distribution.
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OOrpyHTyYBaHHSI ONTUMAJILHUX PEKUMIB
Po0OTH eJIeKTPOMEXaHIYHOI CHCTEMHU
BHUPOOHHUIITBA TAa PO3MOALIY CTHUCJIOrO MOBITPS
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Merta. IligBuiieHHSI eHeproe(eKTUBHOCTI eJleK-
TPOMEXaHIYHOI CUCTEMM BUPOOHMILTBA U PO3IMOIiLY
CTHCHEHOTO ITOBIiTPS 32 PaXyHOK 3aCTOCYBaHHSI HOBOTO
crnoco0y KepyBaHHSI €JIEKTPOIPUBOIOM KOMIIPECOPHOL
YCTaHOBKHU.

Metoauka. BukopucrtaHo MeToau: mapaMeTpUUHO1
ONTUMi3allil (CKaHyBaHHSI) — ISl BUPillIEHHS 3aBOaH-
HSI YMOBHOI ONTHUMi3allil TPUBAJIOCTi CTaHY KOMITPECO-
pa Ha KOXKHOMY LIMKJTi YIIPaBIiHHS MPU Pi3HUX BUTpa-
Tax CTUCHEHOTO MOBITPsI; METOM alpoOKCUMallii BUXil-
HUX JaHUX eJIEKTPOMEXaHiuHOI CUCTEMU; perpeciiHuii
aHaJli3 — TMpU NOOYIOBI HENiHIMHOI 3aJIEXXHOCTI Po-
TYKTUBHOCTI KOMITpecopa Ta BTpaT CTMCHEHOTO TIOBi-
TpSI.

Pe3syabratu. Po3risiHyTi IpUYMHU HU3bKOI EHEPIO-
e(EeKTUBHOCTI €JIeKTPOMEXaHIYHOI CUCTEMU [JII BU-
POOHUILITBA 1 pO3IMOIiTY CTUCHEHOTO TTOBITPSI HA OCHO-
Bi moplIHeBoro Komripecopa. IlpoaHasnizoBaHo B3ae-
MO3B’SI30K i B3aEMOBIUIMB OKPEMUX €JIEMEHTIB CUCTe-
MM Ta PeXUMiB iX poO60TU. AHaI3 PiBHIB pO3CilOBaHHS
eHeprii B eJieMeHTaX eJeKTPOMEXaHiuYHOI CUCTeMU
MPOBOJMBCS 3 METOIO BIOCKOHAJIEHHS METOMY Kepy-
BaHHS eJIEKTPONIPUBOJOM KOMIIPECOpa IUISIXOM 3aCTO-
CyBaHHSI HOBUX TeXHIYHUX pilleHb. BcTaHOBIIEH] aHa-
gmitnyHi 3anexHocti KK/ Big piBHIB BTpaT eHeprii B
OKpeMMX eJIeMEHTaxX CUCTEeMHU Ta i1 poOOYMX Mmapame-
TpiB MpU JBOCTYIIEHEBOMY PEryJIIOBaHHI MOTY>KHOCTI
kommpecopa. [loOynoBaHa MatreMaTUUYHA MOJIEIb JJIsI
po3paxyHKy Koe@ilieHTa e(heKTUBHOCTI eJIeKTpOMEXa-
HiyHOI cucTeMu. 3aBIaHHS ONTHMi3alii MmapaMeTpiB
poboTH Oyno chopMyIbOBaHE il BUpIllIEHE 3 AEIKUMU
MPUMNYILIEHHSIMU Ta OOMEXEHHSIMU 32 YMOBU JBOCTY-
TMIEHEeBOro KepyBaHHSI €JIEKTPONPUBOJAOM KOMIIpecopa.
3anpornoHoBaHa MOJEJb BiPi3HAETHCS Bil iCHYIOUUX
MoOJeell MOXJIUBICTIO OO0JIiIKY pOOOTH PEXUMIB YCiX
€JIEMEHTIB eJIEKTPOMEXaHIYHOI CHCTeMU IJISI BU3HA-
YeHHS ii eHepreTMYHOro ITOKa3HWKa — KoedillieHTa
KOpPHUCHOI [ii. 3ampornoHoBaHi pe3yJbTaTH Iapame-
TPUYHOI ONTUMi3allil peXnuMiB poOOTU eleKTpomexa-
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HIYHOI CUCTEMU MJIsI BAPOOHULITBA I PO3IOJIIILY CTUC-
HEHOTrO MOBITPsI 3 PI3BHUMMU PiBHSIMU MOTO BUTPATU.

HaykoBa HoBu3Ha. JloBeneHo, 1110 3i 3pOCTaHHSIM
MPOAYKTUBHOCTI MTOBITPSTHUX KOMIIPECOPIB i3 3apOIIo-
HOBaHUM CIIOCOOOM ympaBiaiHHs miaBuinyeTbes KKJT
CUCTEMM B TIOPiBHSIHHI 3 TpagULiHUM CIIOCOOOM
YIOpaBIiHHS KOMIIpECOpaMu, IO ITiABUIILYE eHeproe-
(hbeKTUBHICTh €1eKTPOMEXaHIYHOI CUCTEMHU B LILJIOMY.

IIpakTuyna 3HayuMicTh. Po3pobjieHO alroput™m
KOHTPOJIIO CTTOXKHMBAHO1T MOTYKHOCTI KOMITpecopa, 1110
BiITBOPIOE MPUHIUM BU3HAYEHHS BUTPAT CTUCHEHOTO
MOBITPSI HA OCHOBi BUMIipIOBaHHS IIBUAKOCTI 3MiHU
THCKY B IOTO pecuBepi it M03BOJISIE IPOTHO3YBATH TPH-
BaJIiCTh UMKy YIIPaBIiHHSI.

Kmouosi cioBa: erexmponpusod, komnpecop, enek-
mpomexaHiuna cucmema, CIucHeHe nogimps

O00cHOBaHHE ONTHMAJIBHBIX PEXKUMOB PadOThI
3JIEKTPOMEXAHMYECKOI CHCTEMbI MPOU3BOICTBA
M pacnpenesieHus] CKaToro Bo3ayxa

A. B. Bobpoé', /. B. L[innenxos®, A. H. Ipebentox?,
M. C. Kupuuenio?

1 — Komremx pakeTHO-KOCMHMYECKOTO MAaIllMHOCTPOCHMS
JIHETPOBCKOTO HAlIMOHAJILHOTO YHUBepcuTeTa nMeHu Oute-
csa ['onuapa, 1. Inenp, YKpanHa, e-mail: alekseybob@ua.fm
2 — HanuoHanbHBIN TEeXHUYECKUM yHUBEpCUTET ,,JIHe-
npoBcKasi rnojutexHuka™, r. [Hemnp, YkpaunHa, e-mail:
tsyplenkov.d.v@nmu.one

Henn. IToBbiieHHEe 3HEPTOIDHOEKTUBHOCTH DIIEK-
TPOMEXaHNYICCKON CUCTEMBI IIPOM3BOMICTBA U pacIipe-
TIEJICHMST C3KaTOTO BO3MyXa 3a CUET MIPUMEHEHUSI HOBO-
rO croco0a ympaBJIeHUS JIEKTPOIIPUBOIOM KOMIIPEC-
COPHOM YCTaHOBKMU.

Mertomuka. M criofb30BaHbl METOIBI: TTapamMeTpu-
YECKO ONMTUMU3ALUM (CKaHUPOBAHUS) — IS pellie-
HUS 3alayd YCJIOBHOM ONTUMU3ALUMU IIUTEIbHOCTU
COCTOSTHUSI KOMITpeccopa Ha KaXkIoM IIUKJIe yIpaBiie-
HUS TIPU Pa3HBIX PAacXoJax CKATOTro BO3IyXa; METOI
AMMPOKCUMAIINNA UCXOTHBIX TaHHBIX 3JICKTPOMEXaHM-
YeCKOM CHUCTEMBI; PETPECCUOHHBIN aHAIN3 — TIPU T10-
CTPOCHUM HEJIWHEHHON 3aBUCUMOCTH IIPOU3BOIN-
TEJILHOCTH KOMIIPECCOpa 1 ITOTEPh C:KATOTO BO3MYyXA.

Pe3ymbTatel. PaccMoTpeHBI NpPWUYMHBI HU3KOM
5Heproa@GEKTUBHOCTA 3JIEKTPOMEXaHUYECKONW CH-
CTEeMBI ISl TIPOM3BOACTBA U PaCIIpeNeSICHUST CXKAaTOro
BO3/IyXa Ha OCHOBE MOpPIITHeBOro koMmpeccopa. [Ipoa-
HaJIM3UpPOBaHA B3aUMMOCBSI3b M B3aUMOBJIUSHHUE OT-
NIeJIbHBIX JIEMEHTOB CUCTEMBI U PEXXUMOB UX PaOOTHI.
AHaM3 YpOBHEN pacCessHWS dHEPTMU B 3JIEMEHTaX
3JIEKTPOMEXaHWYECKOM CUCTEMbI IIPOBOIMJIICS C LIETbIO
YCOBEPIICHCTBOBAHUSI METOJa YIIPABJIECHUST DJIEKTPO-
MIPUBOIOM KOMIIpeccopa ITyTeM IIPUMEHEHHUS HOBBIX
TEXHUYCCKUX PEIICHWI. YCTAaHOBJIICHBI aHAJIUTHYC-
ckue 3aBucumoctu KIII ot ypoBHe# motepb 23HepTUu
B OTJIEJBbHBIX JIEMEHTAX CUCTEMEBI U ¢ pabovrX mapa-
METPOB TIPU ABYXCTYIICHYATOM PETYJIMPOBAHUM MOIII-
HocTH Kommpeccopa. IlocTpoeHa MaremaTudeckasi
MoJeNb I pacuyeTa KoadduireHTta 3¢ GheKTUBHOCTU
3JICKTPOMEXaHUYECKOM CHCTeMBbI. 3ajaya ONTHUMU3a-
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WU TTapaMeTpoB padOTHl ObLIa copMyIMpoBaHa U
peleHa ¢ HeKOTOPBIMU JOTYIICHUSIMU W OTPaHUICHU -
SIMM TIpU YCJIOBUM IBYXCTYIIEHYATOIO YIIPaBJICHUS
3JIEKTPONPUBOAOM Komripeccopa. [Ipennaraemast Mo-
JIeJib OTJIMYAETCS OT CYIIECTBYIOLIMX MOJEJIEH BO3-
MOXHOCTBIO YueTa padOThl PEXKMMOB BCEX 2JIEMEHTOB
3JIEKTPOMEXaHUYECKOM CUCTEeMbI JJIs1 ONpeneeHUs ee
SHEPreTUYECKOro mnokasaresss — KoabduimeHTa no-
Jie3Horo aeictBus. [1peanoxeHbl pe3yabTaThl TapaMe-
TPUYECKOI ONITUMU3ALUN PEXKUMOB PabOTHI 2JIEKTPO-
MEXaHUYECKO CUCTEMBbI ISl POU3BOACTBA U pacIipe-
JIeJIeHUST CXXATOro BO3ayXa C pa3jinyHbIMU YPOBHSIMU
€ro pacxoma.

Hayuynas noBusna. JIokazaHo, 4TO ¢ POCTOM IPOU3-
BOIUTEIbHOCTH BO3AYIITHBIX KOMIIPECCOPOB C TIPEIJIO-
XKEHHBIM crnocoboM ympapieHus: mosbimaercss KIT
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CHUCTEMBI 10 CPAaBHEHUIO C TPAAULMOHHBIM CIIOCOOOM
yIpaBieHUSI KOMIIPECCOPAMU, YTO MOBBIILIAET IHEPTO-
3 (HEKTUBHOCTh 3JIEKTPOMEXaHUYECKOM CUCTEMBI B
LIEJIOM.

IIpakTHyeckasa 3HaymMocThb. PaspaboraH aaroputm
KOHTPOJISI IOTPEOJISIEMOl MOIIHOCTH KOMIIpeccopa,
KOTOPBII BOCITPOM3BOAUT IMPUHIIUII OIIPEIeICHUS 3a-
TpaT CKaToro BO3/1yxa Ha OCHOBE U3MEPEHMST CKOPOCTHU
U3MEHEHUST JaBJIeHUS B €r0 peCHBEpPe M ITO3BOJISICT
IIPOTHO3UPOBATH IUTNTEIHHOCTD IIUKJIA YIIPaBJICHMSI.

KimoueBbie cioBa: s1ekmponpugod, kKomnpeccop,
INEKMPOMEXAHUYECKAS CUCMEMA, CoHCaAmblil 8030YX

Pekomendosano 0o nybaikauii dokm. mexH. HayK

C. I. Bunanacenxom. Jlama Haoxo0dceHHs DPYKORUCY
19.02.18.
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