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SUBSTANTIATION OF CONTROLLED VARIABLES FOR ENERGY MANAGEMENT
SYSTEM OF PISTON COMPRESSOR UNITS

Anomauin. B pobomi susnaueni sumozu i nepenik KOHMpPOIbLOBAHUX NAPAMEmpi8 cucmemu 080NO3UYILi-
HO20 YRPAGNIHHA 3 0eMePMIHOBANUM GEPXHIM pigHeM MUCKY NOGIMPAHUX NOPUIHESUX KOMNPECOPHUX YCIMAHOBOK.
Li napamempu susnaueni 3 ypaxyeanHam HeoOXIOHOCII GU3HAYEHHs 6MPam enepeii 8 enemMeHmax eneKmpome-
xauiynoi cucmemu "enexmpuuna mepedxica - npugio - komnpecop - nueemomepedica”. Taxoxc exazami i onucami
3ax00U NONepeoHe NPOBeOeHHs AKUX HEOOXIOHO Ol BUSHAUEHHA 6Mmpam eHepeii 8 NHeBMAMUYHUX Mepedtcax AK
Ha OLIsAHYI NIOGUYEHHS. MUCKY, MAK I HA OLIAHYI 11020 3HUJNCEHHS. 3 BUKIIA0CH020 MAMEPIALY MONCIUBO 3pOOUMU
BUCHOBOK NpO me, Wo 6mpamuy eHepeii'y 6Cix enemMeHmax eieKmpoMexaniyiol cucmemy MONICIUE0 SUSHAYUTNU
3HAIOYU OOUH Napamemp MUcK 8 NHeBMOCUCmeMi i BiIOCMeHCyIouU WBUOKICIb 1020 3MIHU.

Knrwouosi cnosa: enexmponpugoo, pe2yno8anis, KOMnpecop, eiekmpomMexanivia cucmema.

Annomayusn. B pabome onpedenenvi mpebosanusa u nepeuenb KOHMpOIUpyemuix napamempos cucmemol
08YXNO3UYUOHHO20 YNPAGIEHUS C OeMEPMUHUPOBAHHBIM BEPXHUM YPOBHEM OAGIEHUS BO30YUHBIX NOPUIHEGbIX
KOMAPECCOPHBIX YCMAHOBOK. DMu Napamempsl onpeoeietbl ¢ yuemom HeobXooumocmu onpeoeneHus nomepb
9HepeUU 6 INeMEHMAX INIEKMPOMEXAHUYECKOU CUCTNEMbL “INeKMPU1ecKas cemsb — NpU00 — KOMRPECcop — NHeG-
mocemy”. Taxoice ykazanvl u ONUCAHBI MEPONPUAMUSA NPeOBaApUMenbHOe npogedeHe KOMOPbIX HeodX00UMO 015
onpeoenenus nomepsv IHEPSUU 6 NHEGMAMUYECKUX CeMmAX KAK HA YYacmKe NOGbluleHUs O0Aa6NeHUs, MaK U Ha
yuacmke e20 cHudcenus. M3 u3noxicennozo Mmamepuana 603MOHCHO COelams 861600 O MOM, YO HOMePU IHepull
60 6cex 2IeMEHmMAax INEeKMPOMEXAHUYECKOU CUCIEMbl BO3MOIICHO ONpedenums 3Has 0OUH Napamemp OaGlIeHUe 6
nHegMocCUcmeMe U OMCAEIHCUBASL CKOPOCHIb €20 USMEHEHUS.

Knrouegvie cnosa: snexkmponpusoo, pezyiuposanue, KOMAPECccop, 2NeKMPOMEXAHULEeCKas CUCeMd.

Abstract. The paper defines the requirements and the list of controlled variables of the on-off control sys-
tem with the deterministic upper level of pressure of air piston compressor units. These parameters are deter-
mined taking into account the need to determine the energy losses in the elements of the electromechanical sys-
tem "electric grid - drive - compressor - pneumatic system". Also, the measures are determined and described,
the preliminary carrying out of which is necessary to determine the energy losses in pneumatic networks both at
the pressure increase section and at the site of its reduction. From the above material, it can be concluded that
the loss of energy in all elements of the electromechanical system can be determined by knowing one parameter
the pressure in the pneumatic system and monitoring the rate of its change.

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

Introduction. Nowadays on-off control system is common for piston compressors delivery. The control
system is applied in case there is no technological need in maintaining the stable pressure level in pneumatic sys-
tem and there are no dramatic changes of compressed air consumption. Its advantages are described in terms of
simplicity of implementation and reliability. The principle of on-off control system operation is based on setting
of predetermined pressure limits. Reaching the upper level of pressure the compressor is switched off and it is
switched in reaching the lower level.
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Fig.1. Principle of on-off control system operation.
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This occurs under the condition of single variable change control (intake pressure) in the system (fig.1.)
by means of sensor, which is installed. The regular operation of compressed air consumers is provided by means
of pneumatic system pressure maintaining in the predetermined range.

Purpose statement. The main disadvantage of the system is its negligibility as for the factors influencing
the general energy efficiency of «grid — compressor — pneumatic circuit» complex. It does not consider such sub-
stantial parameters as losses in power for grid, compressor, and pneumatic circuit. Hence, there is a need in de-
scribing the parameters to be changed by control system for losses determining and thus working in the proper
regime of their minimizing for maintaining the regular operation of compressed air consumers.

Problem solution. To answer the question it is required that we consider the losses in power for various
components of the system.
The active power losses in electric grid:

2

N

AN, =312, 1=31 ]| —— |, (D)
! ’ ’ L/@U-cos;oj

where | stands for line phase current, A; r, stands for active electrical resistivity in the line, Ohm per km; I stands
for line length, km; N stands for active power consumed by asynchronous compressor drive form the grid, kW;
U stands for supply line voltage, kV.

The losses in asynchronous drive and compressor unit may be shown as follows:

ANZ =N- PZ 'Qkomp' (2)

where N stands for active power consumed by asynchronous motor, KW; P, stands for pressure of compressed
air in the receiver, Pa; Qkmp Stands for compressed air flow at the receiver output, m%/sec.
The losses in the compressed air pipelines:

= (Vres +Vpipes) 1 dp (3)

where 9P is the speed of pressure change in the pneumatic circuit, Pa/sec, is determined using regression equa-
dt

tions [5, 6]; T is gas temperature, K; R = 287 J/(kg-K) is gas constant for air; p = 1,29 kg/m? is standard air densi-
ty; tis time, sec; Vres is receiver volume, m3; Vpiges is pneumatic circuit volume, mé,

Considering the abovementioned issues, to enable the control system being sensitive to losses in all units
of «grid — compressor — pneumatic circuit» system it is need to install:

- ammeter, A

- flow rate meter for compressed air, m%/sec

- pressure sensor in the receiver.

If compared to on-off control system, the two devices, ammeter and flow rate meter for compressed air,
are added. Thus, the cost of a control system and its assembly complexity increase, its reliability decreases. Let
us consider the possibility of quantity reduction for indicators of controlled variables with maintaining the con-
trol system ability to monitor the losses in different units and thus to work in energy efficient modes.

The losses in electric grid may be linked to the active power consumption for asynchronous drive of air pis-
ton compressor unit considering its dependence on pressure rate in the pneumatic circuit and some allowances:

- power supply voltage of asynchronous motor does not depend on consumed power U = const;

- efficiency coefficient of asynchronous motor is independent from load nmot = const;

- the influence of temperature of intake air on consumed power is neglected. The calculations should be
carried out for 71 = 20 °C parameters, as the intake air temperature decrease for stable pressure reduces the quan-
tity of moisture vapour resulting in its performance improvement [2].

Then we obtain the following expression for air piston compressor unit with two compression stages:

n-1
(8 ) _1]
n
N = ZE Pleomp - (4)
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where P; stands for atmospheric pressure, Pa; Qkmp Stands for volumetric capacity for indraft conditions m*/sec;
n stands for polytropic index for air piston compressor units, n = 1,2...1,35; 5,0 Stands for compression efficien-
cy related to compression polytropic process, equals to 0,8...0,9; 7mex Stands for mechanical efficiency consider-

ing friction losses of crank mechanism and compressor piston, 0,85...0,95 ; ¢ = i , P> stands for pressure in
R
the pneumatic circuit, Pa.
Then current consumed by electric drive from the grid is

N
I_«/§-Un-cos¢ ®)

The value of AN 1 may be calculated as based on the value of current.

The losses in compressor are calculated from formula (2) as the difference between the consumed power
and product of pressure by its efficiency.

To determine the real performance of compressors and pneumatic circuit the trial run is needed. The trial
run is carried out at off hours and for compressed air consumers switched off. For determining of dependence be-
tween compressor delivery and pressure the following operation procedure is needed:

- gate valves after the receivers are closed,;

- one compressor is started, once it starts working in the standard operating mode the gate valve of the
pump is opened, stop clock is started;

- the pressure change in the receiver is recorded for the stated pitch with stop clock up to maximum pres-
sure.

To measure pneumatic circuit leakage:

- compressed air is pumped into the pneumatic circuit up to the maximum value (if needed, several com-
pressors are on);

- the compressing units are turned off with simultaneous starting of stop clock, then the rate of pressure
decline in the receiver is determined.

Let us show the calculations of volume flow m3/min for normal conditions as the following expression:

+
Vras (Qres Qplpes) id_P (6)
R-T p dr

where P, Q, T stand for pressure, Pa, volume m?, temperature, K of the gas respectively; R=287 J/9kg K) stands
for air gas constant; p=1,29 kg/m? is air density for normal conditions; Qres and Qpipes Stand for receiver volumes
and feed pipelines of circuit.

Conclusions. As based on the empirical data from the expression (6) we can obtain the dependences of
compressors delivery, m3/min from pressure, Pa, and air leaks, m®min from pneumatic circuit pressure, Pa [4,
6]. Knowing the volume of pressure for every timepoint the volume compressor delivery may be determined,
and, thus, having calculated the power consumed by asynchronous drive we may obtain power losses for com-
pressor.

The power losses in the pneumatic circuit may be determined by controlling only a single variable — pres-
sure, and knowing the dependence of air leakages from pressure in pneumatic circuit (3).

From the mentioned above it is clear that monitoring of a single variable, pressure, is needed, as we may
calculate power losses for all elements of the electric grid — compressor — pneumatic circuit system as based on
it. This means that it is possible to develop on-off control system for air piston compressor units with asynchro-
nous drive by means of using the only one pressure controller in the air collector. And this enables moderniza-
tion of existing systems being under exploitation by means of substitution of compressor controllers with pro-
grammed logic sensor with energy efficient control algorithm.
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K PACYETY DHEPTETUYECKHUX ITOKA3ATEJIEN
YACTOTHO-PEI'YJIMPYEMOI'O ACUHXPOHHOI'O QJIEKTPOIIPUBOJIA
B YCTAHOBUBHIEMCH PEXKUME

Anomayin. Enekmpomexaniuni npoyecu 3aMKHYMO20 ACUHXPOHHO20 eleKMpPOnpUeody, SIKi Xapakmepusyionis
11020 eHep2emuyHi NOKA3HUKIL 8 CIAIOMY PENCUMI, MOJICYMb OYymu O0CHIONCEHT 6e3 YPaxXy8aHHs MOOYISYIIHUX NYilb-
cayiti cmpymy cmamopa. Bukonano po3paxynok napamempie acuHxpoHHO20 eleKmponpusooy 0 HatOLIbUL NOWwU-
PEHO20 3aKOHY YNPAGIIHHS 3 NOCMILIHUM HOMOKO3UENIeHHSI POTOPA 8 00ePmMOB0i cucmemi KOOPOUHAM, OPIEHMOBANOT
no nomokosyenienHio pomopa. Ompumani eupasu ONsi PO3PAXYHKY EHEPeMUYHUX NOKAZHUKIE 4aACMOMHO-
Pe2YIbOBANHO20 ACUHXPOHHOZ0 €eKMPONPUBOOY 8 CIIAIOMY PEHCUMA.

Kniouogi cnosa: enepzosbepesicenns, aCuHXpoHHUL e1eKMPONPUBO0, 3aKOH YNPAGIIHHA.

Annomayua. Dnexmpomexanuueckue npoyeccobl 3AMKHYMO20 ACUHXPOHHOZ0 dJIeKMPONpUsood, Komopule
Xapaxmepuszyiom e2o snepemuieckue noKazamenu 8 yCmaHOBUSWEMCS pedcume, MO2ym Oblmb UCCIe008aHbl
0e3 yuema MOOYIAYUOHHBIX NYAbCAYUN MOKA cmamopa. Bvinonnen pacuem napamempos acUHXpOHHO20 IJleK-
mponpueooa 01 Hauboee pacnpoCcmpaHeHHo20 3aKOHA YNPABIeHUs ¢ NOCIMOAHHbIM NOMOKOCYenieHuem pomo-
pa 60 epawaiowenics cucmeme KOOpOUHAm, OpueHmuposanol no nomoxkocyenienuio pomopa. Ilonyuenst 6vi-
pasicenuss 0N paciema dHepeemuyeckux noKasameneu 4acmomHno-pecyiupyemo20 dCUHXpoOHHO20 1eKmponpu-
6004 6 YCMAHOBUBUIEMCSL PEdICUME.

Kniouegvie cnoga: suepzocoepeicenue, ACUHXPOHHbIL DIEKMPONPUEOO, 3AKOH YNPAGLEHU.

Abstract. Electromechanical processes of a closed asynchronous electric drive, which characterize its energy
parameters in the steady state, can be investigated without taking into account the modulation pulsations of the stator
current. The calculation of the parameters of an asynchronous electric drive for the most common control law with
constant rotor flux coupling is performed in a rotating coordinate system oriented along the rotor's flux linkage. Ex-
pressions were obtained for calculating the energy parameters of a frequency-controlled asynchronous electric drive
in the steady state.

Keywords: energy saving, asynchronous electric drive, control law.

AKTyaJabpHOCTH PaGoThl. B HacTosIee BpeMsi aCHHXPOHHBIH JBUTATEIh SBISACTCS HanOoIee pacipocTpa-
HEHHBIMH M COCTABILTIOT 0K0JI0 90% OT BCero mapka MalliH U MPHOIU3UTENHEHO 55% OT YCTaHOBIICHHON MOII-
HOCTH [1]. DTO 00BACHSIETCSA PSAAOM CYIIECTBEHHBIX NMPEHMYIISCTB aCHHXPOHHBIX ABHTAaTElCH B CpaBHEHHH C
JIBUTATEJISIMH ITIOCTOSIHHOTO TOKA.

[NosiBneHne HaZEKHBIX YKOHOMHYECKHX IpeoOpaszoBaTteneil wacToTsl ¢ IIIMM, oTKphIBaeT HIMPOKHE BO3-
MOXXHOCTH ISl 3aMEHBI PETyJIUPYEMOTO 3JIEKTPOMPHUBOJIA TIOCTOSIHHOTO TOKAa YaCTOTHO-PETYJIMPYEMbIM aCHH-
XPOHHBIM.

HeJ'll)lO paﬁOTLl ABJIICTCA HCCIICAOBAHUC XapaKTEepa M3MEHCHHUA DJICKTPOMArHUTHBIX MapaMeTpOB aACHUH-
XPOHHOTI'O JJICKTPONIPHUBOAA B 3aBUCUMOCTHU OT 3aKOHA YIIPABJICHUS.
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