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STRUCTURE OF THE AUTOMATED CONTROL SYSTEM OF TECHNOLOGICAL
PARAMETERS OF TREATMENT FACILITIES OF THE CITY SEMEY

Annotation: Increasing the efficiency of control of treatment facilities can be achieved by automation
of control at the stages of observation, collection, processing and analysis of information by means of
mathematical data analysis packages, implementation of automated control systems of technological
processes.

This article is devoted to the issues of technical modernization of automatic control system of water
disposal in Semey city. The need to modernize the concept of building the ACS has arisen in connection with
the technical re-equipment of production and introduction of new energy-saving technologies in it.

The hypothesis of the research suggests the possibility of improving the efficiency of wastewater
treatment facilities of Semey city through the use of modern methods of collection and transmission of
technological parameters to the control panel of the dispatcher in order to make operational decisions on the
management of technological and technological process of wastewater treatment based on monitoring of
equipment operation. Due to the complexity of the whole complex of treatment facilities, the main sewage
pumping station (GKNS-2) and air blower pumping station (ABPS) were selected as objects for the
development of automated control system of technological parameters (ACS TP).

The article considers the proposed structural scheme of the automated system of control of
technological parameters of treatment facilities of Semey city, gives a description of each level of the system
and the principle of their interaction.

Key words: control system, treatment facilities, microcontroller, object, wastewater disposal.

Introduction

Automation of wastewater treatment process has always been of great importance for
settlements, and with the increase of anthropogenic load it becomes crucial for the environment. The
main purpose of operating and newly designed wastewater treatment plants (TPs) is to reduce costs
during operation and improve the quality of wastewater treatment, which is currently an urgent task.

The purpose of the work is to develop the structure of the automated control system of
technological parameters (ACS TP) of the Semey TP and its algorithmic, informational and technical
support, based on the results of the analysis of the composition and operating modes of the
technological equipment of the TP.

Conditions and methods of research

The developed ASC TP is designed for continuous control of operating and limit (emergency)
parameters of equipment operation, represented in the form of discrete potential and continuous
current signals, with the possibility of graphical display of current information on the panel of
controllers and computer monitor of the dispatcher and its saving. ASC TP has a three-level block-
modular structure, allowing to configure the system according to the specified operating conditions.
The structural diagram of the ASC TP is shown in figure 1 [1, 2].

The first level of the ASC TP is represented by a personal computer of the central control
room (CCR), a personal computer of the laboratory technician and microcontrollers of objects (MO),
connected by a local network. The number of MOs at this level is determined in accordance with the
number of control objects. Information flows at this level are organized as follows. At the request of
the CCR computer, the information from the MOs arrives at the CCR, where the computer processes
it with its own software and translates it into a graphic and audio interface understandable to the
dispatcher, as well as documents and archives it. The information transmission modes are controlled
by the CCR computer, which fully controls the information exchange at this level. Setting of the first
level of ASC TP is programmatic, because at this level the software environment of the ASC TP
dispatcher's computer allows setting up all types of interfaces.
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Figure 1 — Structural diagram of ASC TP

The second level of ASC TP is represented by MOs consisting of local equipment
microcontrollers (LEMOs). The number of LEMOs in the MOs is determined by the amount of
equipment controlled at the facility and is hardware configured during the design and manufacture
of the MOs. Information exchange at the second level is provided by ICEs whose hardware is
capable of supporting all types of information exchange between the CCR computer and LEMOs.
Hardware of the second level sets the addressing of MOs in the address field of the ASC TP. The
second level of the ASC TP is configured by hardware in the form of the number of LEMOs included
in the MOs and their address in the ASC TP.

The third level of ASC TP is represented by LEMOs directly controlling the parameters of
equipment operation. The number of controlled parameters, as well as the type of signals from the
control sensors, is determined by the equipment parameters. In the minimum configuration the
number of controlled parameters is eight. Setting of the third level of ASC TP software-hardware.
Hardware configuration allows you to change the number of monitored parameters of the object, and
software configuration allows you to change the algorithms of processing information from the
objects of control and transfer it to the first level of ASC TP [3, 4].

Research results

The number of LEMOs included in the MO depends on the type of facility equipment. The
basic MO configuration is as follows:

— The MCO of a sewage pumping station (SPC) contains five eight-channel LEMOs
controlling discrete parameters and one LEMOs controlling four level gauges (discrete signals) and
four flow meters (current analog signals) or five eight-channel LEMOs controlling discrete
parameters, one LEMO controlling four level gauges (discrete signals), two analog continuous level
gauges with current outputs and two flow meters with current outputs;

— The turbo compressor station MO contains six eight-channel LEMOs for monitoring discrete
parameters and one LEMO for monitoring four level gauges (discrete signals) and four flow meters
(analog current signals) or five eight-channel LEMOs for monitoring discrete parameters, one LEMO
for monitoring four level gauges (discrete signals), two analog continuous level gauges with current
outputs and two flow meters with current outputs [5].

The CCR computer is equipped with special software (SCS) that provides information support
for the hardware and software interface between the dispatcher and the MO. The functions of SCS
include organization of communication and information exchange between the technical means of
the CCR computer and the MO, dynamic processing of information received from the MO,
organization of graphic and audio interfaces between the computer and the dispatcher,
documentation and archiving of incoming information.

The communication line between the hardware of the first and second level of the ASC TP
should meet the requirements of IEEE-488. It is possible to use telephone cable of TPP type in ASC
TS. At distances greater than 2000 meters it is recommended to use UTP category 5 cable. It is
possible to use radio modems or other technical means capable of connecting the MO with the CCR
computer.
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As a result of the analysis of literature sources, the information system of parameter control
was based on the block-module principle of layout, which implies the identity of all the blocks of one
module and the possibility of interchangeability of blocks between different modules. The
microcontroller information system of parameter control is designed in such a way that, with
appropriate modification, it can realize the functions of controlling the objects of control (Figure 2)

[6].
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Figure 2 — Structural diagram of the power part of the variable frequency drive controlled
by a microcontroller system

The microcontrollers of the information system of each object operate autonomously,
controlling the parameters of one object. Thus, each microcontroller information unit contains as
many local microcontrollers as there are control objects at the facility. This ASC TP developed for
the Semey wastewater treatment plant includes two MCOs controlling the operation of the equipment
of the main sewage plant No. 2 and the blower pumping station [7-8].

At the main sewage plant, one MO contains five LEMOSs that control the operation parameters
and status of five electric motors of sewage pumping pumps, the level in two sewage receiving tanks,
the water level in two drainage pits of the engine room and the amount of sewage pumped through
two pipelines.

At the blower pumping station, one MO contains six LEMOs that control the operation
parameters and status of six turbo compressor motors, water level in the drainage pit of the sludge
pumping and service water pump compartments, water level in the service water tank, the amount
of sewage fed to the aeration basins through one pipeline and the amount of air fed to the aeration
basins through two air ducts.

AISCP MOs operate in the slave mode, i.e. during their work they do not generate requests
to the upper-level computer on their own initiative, but only respond to its requests [8-10].

Conclusion

The developed automated system of control of technological parameters will allow to control
the efficiency of technological equipment of Semey TP and manage their work in accordance with
the set criteria.
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CTPYKTYPA ABTOMATU3NPOBAHHOW CUCTEMbI KOHTPONSA TEXHONOMMYECKNX
NMAPAMETPOB OYUCTHbIX COOPYXXEHUW I'. CEMEN

lNosbiweHue aghghekmusHocmu yrnpasneHusi pabomol OYUCMHbLIX COOPYXeHUl Moxem O6bimb
docmueHymo 3a cHem asmomamu3ayuu yrpasseHus Ha amarnax HabnodeHusi, cbopa, obpabomku u aHanu3sa
UHhopMayuu  cpedcmeamMu  akKemoe  Mamemamu4yecko2o — aHanu3a OaHHbIX, eHeOpeHus
asmomamu3upo8aHHbIX CUCMEM yrpassieHUs] MexXHOI02u4eCcKUMU rpoyeccamu.

LaHHasi cmambsi nocesiuieHa soripocam mexHudeckol modepHusauuu ACY TIT eodoomeedeHus 2.
Cewmell. [lompebHocmb 8 MoOepHU3ayuu KoHuenuuu nocmpoeHust ACY Tl 803HUKIa 8 C8513U C MEXHUYECKUM
repegoopyxeHueM rpoudsoocmea u 8HedpeHUeM 8 Heeo HO8bIx aHepaocbepezarowux mexHono2aull.

lunomesa uccnedosaHul npedronazaem B803MOXHOCMb  08bIWEHUS  3ghhekmusHocmu
OYHKUUOHUPOBAHUS OHUCMHbIX COOPYXKeHUU cmoYHbIx 800 2. Cemel 3a cHem Ucnosib308aHUsi COBPEMEHHbIX
memodoe cbopa u nepedaqyu MexHOI02UYECKUX NapamMempos8 Ha Mynbm yrnpasaeHus ducrnemyepa ¢ Yesbo
B803MOXXHOCMU MPUHAMUS orepamueHbIX peweHul rno yrnpasiaeHUr mMexHoI02Uu4eCcKUM npoyeccomM O4UCmKU
CMOYHbIX 800 Ha OCHO8E MOHUMOpUH2a pabomsi 0b6opydosaHusi. B 853U CO CII0XKHOCMbIO 8CE20 KOMII/IeKCa
OYUCMHbIX COOPYXeHuUll 8 Kavyecmee 06bekmos O0ns pa3pabomku asmomamu3uposaHHOU CcucmeMbl
KOHmMposiss mexHosnoaudeckux napamempos (ACK TI1) ebibpaHbl 2nagHasi KaHanusaUyUOHHasi HacocHasi
cmaHuyus (FKHC-2) u eo30yxodysHasi HacocHasi cmaHuusi (BHC).

B cmambe paccmampusaemcsi rnpednazaemasi CMpPyKmMypHasi cxema asmomMamu3uposaHHOU
cucmeMbl KOHMPOJISA MEXHOI02UYECKUX napamempos8 O4YUCMHbIX coopyxeHuli 2. Cemel, 0aHO onucaHue
Kaxx0020 ypo8HSI cucmeMbl U MPUHYUI UX 83auMo0elicmaus.

Knroyeenie croga: cucmema KOHMPOJIS, OYUCMHbIE COOPYXEHUS, MUKPOKOHMPOep, obbekm,
sodoomeedeHue.
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CEMEW KAJNTACbIHbIH TA3AJIAY K¥PblJ1bICbIHAAF bl MAPAMETPINEPAI TEXHOJIOTUANbIK
BAKbINAY XYUENEPAOIH ABTOMATTAHAbLIPbBIIFAH K¥PbINbIMbIH )KOBAJIAY

Tazapmy KOHObIPFbIIAPbIHBIH XYMbICbIH 6ackapyObiH muimdinieiH apmmbipyra, 0epekmepodi
MamemamukarnblK marnday rnakemmepi apKbiibl aknapammel 6akbinay, XuHay, eHOey xoHe marnday
ke3eHdepiHOe b6ackapyonbl asmomMammaHosbipy, TexHonoausinbiK npouecmepdi b6ackapydblIH
asmomammaHObIpblriraH XylenepiH eHeidy apKbiiibl Kon xemkidyze 6onaobl.

byn makana Cemel KanacbiHbiH cy 6ypy ABXK mexHukarnbiK xaHfbipmy MacernenepiHe apHasnfaH. TI1
ABX Kypy myxbipbiMOamachlH xaHfFbipmy Kaxemminiei eHOipicmi mexHukanblK Kalima XapakmaHOoblpyFa
JKOHEe OFaH xaHa sHepeausi yHeMdey mexHonoausinapbiH eHaidyee 6alinaHbicmbl mybiHOadkb.

3epmmey aurnomesacsi xabO0biKmbiH XyMbICbIiH bakbinay HeezidiH0e aFbiHObI cynapdbl ma3apmyobiH
mexHosoeusisbIK npoueciH backapy 6olbiHwa xeden wewimoep Kabbinday mymkiHOiei ywiH ducriemyepdid
backapy nynbmiHe MexHoI02usinIbIK napamempriepdi xuHay meH 6epydiH yakbimwa adicmepiH KorndaHy
apkbinibl Cemeli KanacbiHOarbl arbiHObI CynapObl masapmy KOHObIPFbIIapPbIHbIH MuiMOinieiH apmmabipy
MyMKiHOi2iH ycbIHalbl. Tasapmy KypbinibicmapbiHbiH 0apriblK  KeWweHiHiH KypodeninieiHe 6alnaHbicmabi
mexHornoaussbiK napamempriepdi bakbinayObiH asmomMammaHObipbiirad xyteciH (TI ACK) azipney ywiH
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obbekminep pemiHOe Heaisei kopi3 coprbl cmaHyusickl (FTKHC-2) xeHe aya copfbl cmaHyusicbl (BHC)
maHdoarnosl.

Makanada Cemeli KanacblHbiH ma3sapmy KypblibiICMapbiHbIH MEXHOI0_USAbIK napaMmempriepiH
bakbinayObiH asmomammaHObIpbifiFaH XyUECIHIH YCbIHbIIFaH KypblbIMObIK CXemachl Kapacmbipblialsbl,
XXyUeHiH ap OeHaeliHiH cunammamachl XoHe oriap0OblH e3apa spekemmecy rpuHyurni 6epinzeH.

TytiHn ce30ep: 6akbinay xyleci, masapmy Kypbliibicmapbl, MUKPOKOHMpPoep, o6bekm, cy mapmy.
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