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BruiBoabI

Kak BuIHO M3 MOJTYYSHHBIX pe3yJIbTaToB, IPUMEHEHHE HHIUBHYAILHOTO IIPUBOJIA C ACHHXPOHHBIMHU JBH-
raTeJiiIMH MO3BOJISIET 3HAYMTENILHO COKPATHTh YHEPronoTpeOiIeHre Mpyu OJHOM LHMKIE 3alycka (32 OJWH LUK
nepeMelieHns cisiba), YTo B CBOIO Ouepe/b CIOCOOCTBYET MOBBILICHHIO MOKa3aTeled 3Heproa(dexTHBHOCTH
NPEANPUSITHS B LIEJIOM U , KaK CJIEACTBHE, CHIDKCHUIO CE0ECTOMMOCTH BBIITyCKaeMO MPOTYKIIUH.
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OPTIMUM POWER PARAMETERS OF OPERATION
OF ELECTROMECHANICAL SYSTEMS WITH A RECIPROCATING COMPRESSOR

Anomauin. B pobomi eusnaueni sumocu npu Gopmyeanti MamemamuyHoi mooeni, o 0038015€ GU3HAYA-
MU ONMUMATLHULL PENHCUM POOOMU CUCTEMU SUPOOHUYMEA | PO3NOOLTY CIMUCI020 NOGIMPSl, WO CKIAOAEMbCS 3
HACMYNHUX efleMenmis "erekmpuuna mepeica - npusuo - Komnpecop - nueemomepesica”. Pozensnymo numanns
npo 0OMedHceHHs KITbKOCMI NYCKi6, ke 6600UmbCsl 0Jisk CMBOPEHHS PedCUMy pobomu npusoody 32i0Ho 1io2o nac-
HOPMHUM OAHUM T YMOBA U000 3a6e3neyents NHeGMONPUUMAYIE CIMUCIUM NOGIMpsaM. Y MoOeli 8UKOPUCIOBY-
I0MbCSL MAKE NPUNYWEHHSL: HANpY2a JCUGLeHHS. ACUHXPOHHO20 O8uzyHa Hesminna, suavenns KK/ npu xoeghiyie-
nmi 3aeanmaoicensi 6invuomy 0,3 - 0,4 3anumaemscst RPAKMUYHO HE3MIHHUM, 6NIUE MEeMNEPAmyp 6CMOKNLY-
6AHHSL NOGIMPSL HA CRONCUBAHY NOMYHCHICHIL NOKLAOAEMbCSL HECYMMEGUM.

Knrouosi cnosa: enexmponpugoo, pecynosants, KOMIPecop, eleKmpoMexanivna cucmema.

Annomayusn. B pabome onpedenenvl mpebosanusi npu GopmMuposanuu Mamemamuieckol Mooenu, no3eo-
Jsowel onpeoeisimg ONMUMAbHbLL PedCUM pabomvl CUCHEMbL NPOU3BOOCMEA U PACIPEOC]eHUs CHCAMO20
6030yxa, cocmosujell u3 CiedyioWux dNeMeHmos “dNeKmpudecKas cemv — NPUBOD — KOMAPECcop — NHe6MO-
cemv”’. Paccmompen 6onpoc 06 ocpanuuenuu Koauvecmea nyckos, Komopoe 6800umcst 0isi CO30AHUsST PeACUMd
pabomuvl NPUBOOA CO2NACHO €20 NACHOPMHBIM OAHHBIM U YCI08UE NO 0DeCneueHUl0 NHeGMONPUEMHUKOS CIICa-
mulm 6030yxoM. B moodenu ucnonvsyiomes cnedyiowue 0OnyujeHust: HAnpsascenust NUManusi ACUHXpOHHO20 O8U-
eamens Heusmenno, 3uavenue KIIJ] npu xosppuyuenme 3aepysxu 6onvuwem 0,3 — 0,4 ocmaemcesa npaxmuyecku
HEU3MEHHbIM, GIUHUE MEMNEPAMYP 8CACHIBAHUSL 6030VYXA HA NOMPEDNAEeMYI0 MOWHOCHb HOA2AEMCs HeCyue-
CMBEHHbIM.

Knroueswie cnosa: snekmponpusoo, pe2yiuposanue, KOMIpeccop, 31eKmpoMexanHuiecKdas Cucmemd.

Abstract. The requirements for the formation of a mathematical model allowing to determine the optimum
operating mode of the compressed air production and distribution system consisting of the following elements
"electric network - drive - compressor - pneumatic network™ are defined in the work. The issue of limitation of
the number of starts is considered, which is introduced to create the operating mode of the drive in accordance
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with its passport data and the condition for providing pneumatic receivers with compressed air. In the model,
the following assumptions are used: the supply voltage of the induction motor is invariable, the efficiency value
for the load factor greater than 0.3 to 0.4 remains practically unchanged, the influence of air intake tempera-
tures on the power consumption is assumed to be unimportant.

Keywords: electric drive, control, compressor, electromechanical system.

The system of on-off pressure control is widely used in reciprocating compressor systems. The normal op-
eration of compressed air consumers is provided by means of pressure maintaining in the system in the fixed in-
terval (Pmin + Prmax)-

The general increase of energy efficiency level for the system «power grid — drive — compressor — pneu-
matic circuit» may be attained by «floating» of upper level of pressure. The paper [1] introduces coefficient of
efficiency as the efficiency criterion for a control system and determination of upper pressure level within a sin-
gle pumping-discharge cycle of pressure. The substantiation of the power index is based on the determination of
the interdependences of different indicators for the components of the whole system, the distinguishing of the
major components from the point of view of energy losses, components of electromechanical system and their
interdependences.

In [2] the interdependences between the measured parameters and capacity loss for different components of
the unit were determined with respect to the existing links between them, which enables study of the actual state
of losses change for different operation modes of manufacturing equipment. It was suggested that the losses for
different components of power complex to be compared as energy losses, which is the most correct from the
point of view of power. The energy consumed by a compressor drive may be described as:

D= 2 Nj -ti, )

i=1.T

where N; is power consumed by compressor drive, kilowatt; ti is sampling interval, h.

The correct choose of the interval is of a great importance here. This simplifies the calculations of energy
losses for the components of power complex, as the calculations in the form of power losses are less resource-
intensive from the point of view of computational capability of control system.

The next step consisted in the development of mathematical model, which enabled determination of opti-
mum operation mode for the system equipment. As the components of electromechanical system are significant-
ly different, e.g.: electrical and pneumatic circuits, and so are their parameters, the single approach to the analy-
sis of their power parameters was worked out. This enabled unification of parameters of operation modes of
electromechanical system and accurate and correct determination of control criteria.

Thus, the conditions were provided for the problem definition of conditional parametric optimization with
one optimizing parameter P,.x determining maximum coefficient of efficiency level of electromechanical system
per cycle for different consumed volumes of pressed air by pneumatic receptors.

As we deal with optimization problem solution, the model includes optimally criterion being described by
means of analytic (objective) function.

Fopt (X) = 77(P

Maxopt) —> Max. (2)

The determination of dependence bounding the levels of pressed air consumption and coefficient of effi-
ciency indicator of a system in general is the main purpose (aim) of the developed mathematical model. This en-
abled tracking of mode interdependence of components of the complex and obtaining the results in analytical
and graphic forms. The analysis of the dependence was carried out from the point of view of determining of
time point of control influence on asynchronous drive of reciprocating compressor unit. As the mathematical
model is focused on operation control and controlled parameters are minimized, the dependence is determined
between the parameters under control and coefficient of efficiency indicator. The specifics of such a dependence
determination is that the visibility of data providing is needed to determine the optimum parameters of operation
mode of electromechanical system. The parameters provide the maximum coefficient of efficiency. The control
influences are produced in the time moment corresponding to optimum parameters of operation mode of elec-
tromechanical system. This enabled obtaining of maximum value of coefficient of efficiency indicator and, thus,
determination of optimum parameters of operation mode of electromechanical system in definite time interval.

The developed mathematical model enables determination of the moment of creation of control influence
on asynchronous drive of reciprocating compressor unit. To provide adequacy of the developed model it is need-
ed to recognize and substantiate the assumptions and limitations.

The mathematical model considers the operation modes of all segments of electromechanical complex to
determine its power index (coefficient of efficiency) and defines the optimum value of upper limit for pressure

level Popt per pumping-discharge cycle under the conditions of coefficient of efficiency maximum for electro-
mechanical complex — minimum energy losses for its segments.
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In such a case the following limitations for the mathematical model are considered:

- the condition of providing of pneumatic receptors with pressed air;

- the limitation of number of starts of drive asynchronous motor per hour (protection of asynchronous drive
from overheat).

The model is developed with respect to the following assumptions:

- supply voltage is constant U = const;

- as based on the analysis of running characteristic 7 = f ( ) of asynchronous drives of compressors

nom
working into load, the coefficient of efficiency value is almost unchanged and equals to 77, for demand factor
exceeding 0,3 — 0,4 [3], as the demand factor of asynchronous drives of reciprocating compressor units changes
from 0,6 to 0,9 in case of their operation beyond the pressure from P, to P, of the on-off system;

- influence of air intake temperature on the consumed power is considered as insignificant and may not
be taken into account;
- the calculations should be made for the parameters with 7', =20 °C, as the decrease of air intake temper-

ature for stable pressure decreases the content of evaporated water, which leads to performance improvement [4].
The limitations W, (X') are for domain of existence for the parameter being optimized [5, 6]. The optimi-

zation problem solution should be found for the pressure of pneumatic circuit P, < P, < P, . As it was

mentioned above, the mathematical model should consider the condition of providing of pneumatic receptors
with pressed air and limitation of number of starts of drive asynchronous motor per hour (protection of asyn-
chronous drive from overheat), so the problem of parametric optimization should also consider the limitations as
follows:

min

P., <P

max opt

<P ®)

The optimum (maximum) upper level of pressure in pneumatic circuit Pop; should be within the pressures

interval from P to P, . The number of starts determines the minimum cycle duration.

T, =2 @)

MSM c.min
' M

pasp’

Thus, the problem of conditional parametric optimization with one optimizing parameter (P,.x) determining
optimum (maximum) coefficient of efficiency level of electromechanical system per cycle was formulated with
respect to its specific parameters, operation modes, limitations and assumptions.

Later the analysis of search methods for determining of optimum point within the specified interval was
carried out. The analysis has shown that the scan technique is the most preferable one with respect to the peculi-
arities of the optimization problem. This is due to the fact that the P, parameter change is of variable step type.
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