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ABTOMATHU3UPOBAHHASI CUCTEMA YIIPABJIEHUSI
KAMHEJIPOBUJIBHON YCTAHOBKOMN

Macnukoe B.U., Mopoxun /I.B.,
Heanoe A.B., Heanos P.A.

Bonpocwvl asmomamuszayuu npouzeo0cmeeHHbIX NPOYeccos 6 Ha-
cmosuee epems He mepsaom ceoetl akmyanvHocmu. Muoeue cyuye-
cmeylouue YyCmpoucmea u cucmemvl pabomairom 8 py4Hom Ui noiy-
ABMOMAMUYECKOM pedicume, 4mo npueooOUm K U36eCmHuIM NpooemMam.
Cnocobul coedunets 31eMeHmos cucmem ynpaeienus KAMHeopoOub-
HbLMU YCIMAHOBKAMU U 8b100D NPOMOKOI08 NEPEOAd CUSHALO8 MENCOY
HUMU ABTIAIOMCA OOCMAMOYHO YCMOAGUUMUCH, OOHAKO 8 C8A3U C NO-
A6/1€HUEM HOBbIX YCIMPOUCMS U KAHATI08 CEA3U C VIYHUEHHBIMU XAPAaK-
mepucmuKamu 80ONPoOCcsl 8b100POE MeNo008 U AN2OPUMMOE pabombl
Nn000OHBIX cucmem mpeoyom nocmosHHol moouguxayuu. B pabome
npeonazaemcs CmpyKmypa cucmemvl YnpagieHus KamHeopoouibHo2o
Komniekca. B kauecmee kpumepus Kawecmed noCmpoeHHoll cucme-
Mbl UCNOTL3YEMCS OYEHKA HAOEHCHOCTU pAbOmbl CUCTHEMbL NPU YCA0-
8UU BbINOIHEHUS 3A0AHHBIX PEMEHHBIX 0ZPAHUYEHUL HA 8bINOTHEHUE
OCHOBHbIX 340ay. DleMenmamy HO8U3Hbl NPEOCMABNIEHHO20 peuleHUs
ABNAIOMCI UCNOTIb308AHUE 000PYO08AHUS OTNEUeCMBEHHO20 NPOU3B00-
Ccmea Ha 6cex 2manax pabomel cucmemsvl, a MaKx#ce HeKOmopule pe-
ulerusl no 8blOOPY KAHALO08 CEA3U U NPOMOKONI08 Nepedayll CUSHALOS.

Lenv — pazpabomka cmpyKmypuvl a8mMoMamu3upO8aHHOL CUCTEMbL
VAPABLEeHUsL KAMHEOPOOUNLHOU YCMAHOBKU.

Memoo unu memooonozus npogedenus padomol: 6 pabome uc-
NOML3VIOMCSL MEMOObl CUCEMHO20 AHAU3A, Meopul nepedadu cue-
HA08 U MeopuU aneopummos.

Pesynomamot. Vicnonvzoeanue npedcmasieHHo20 peuleHus no360-
JIUNO peanu308ams bonee npocmyro u dQHeKmusHyo annapammyio u
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NPOSPAMMHYIO MOOEIU CUCHEMbl YAPAGLEeHUS NO CPABHEHUIO ¢ aHa-
J102amu, Ymo NO36OMUM YMEHbUUUMb KOIULEeCNE0 OMKA308 PA3TUYHBIX
noocucmem Kamueopoounvbtou ycmanosxku. Kpome mozo, ovliu eHece-
Hbl HEKOMOPbLE HOBbLE PYHKYUU, MAKUE KAK 603MOHCHOCHb YOUTEHHO20
KOHMPOIS U OOMEHA OAHHBIMU C NPOSPAMMAMU OYX2ATMEPCKO20 yuemd.

Oobnacme npumenenus pesynomamos. llonyuennvie pe3ynomanol
yenecooopazno NPUMeHsIMb NPOU3E00CMEECHHBIMU CYObEKMAaMU, 0Cy-
WecmeasIowuUMU 0essmeIbHOCHb, OOHUM U3 ILEMEHINO08 KOMOPO 56-
JISIIOMCS UCHONb306AHUE OPOOUTLHBIX YCMAHOBOK U KOMNIEKCOB.

Kniroueevie cnosa: ACY; IIVIK; Modbus; Ogen, kamnedpobunvhasi
VCMAHOBKA; KOHMPOJLIEp, OPOOUTIbHO20 KOMNIEKC

AUTOMATED CONTROL SYSTEM
FOR STONE CRUSHING PLANT

Mpyasnikov V.I., Morokhin D.V.,
Ivanov A.V., Ivanov R.A.

The issues of automation of production processes are currently not
losing their relevance. Many existing devices and systems operate in
manual or semi-automatic mode, which leads to known problems. The
methods of connecting system elements and the choice of protocols for
transmitting signals between them are quite well-established, howev-
er, due to the emergence of new devices and communication channels
with improved characteristics, the issues of choosing methods and al-
gorithms for the operation of such systems require modification. As a
criterion for the quality of the constructed system, an assessment of
the reliability of the system is used, provided that the specified time
constraints on the performance of the main tasks are met. The ele-
ments of novelty of the presented solution are the use of domestically
produced equipment at all stages of the system operation, as well as
some solutions for the choice of communication channels and signal
transmission protocols. Note that the main elements of novelty relate
to the software implementation of the system, the description of which
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is beyond the scope of this article and is planned to be published in
a separate work.

Purpose. The aim of the work is to develop the structure of an au-
tomated control system for a stone crushing plant.

Methodology. The work uses the methods of systems analysis, the
theory of signal transmission and the theory of algorithms.

Results. The use of the presented solution made it possible to im-
plement a simpler and more efficient hardware and software model of
the control system, which will reduce the number of failures of various
subsystems of the stone crushing plant. In addition, some new features
have been introduced, such as the ability to remotely control and re-
ceiving data to accounting software.

Practical implications. The obtained results are advisable to be ap-
plied by production entities carrying out activities, one of the elements
of which is the use of crushing plants and complexes.

Keywords: ACS; PLC; Modbus, Aries; stone crushing plant; con-
troller; crushing complex

Beenenne

KamuenpoOuibHbIe YCTaHOBKH, COAEPIKAIINE PA3INIHbIX BapHaH-
THI IPOOHIIOK, TPOXOTOB, KOHBEHEPOB M BCTIOMOTaTEIbHBIX MOJICHCTEM,
MPUMEHSIIOTCS B Pa3IMYHBIX o0nacTsx mpousBoactsa [20]. OnHum u3
HaIPaBICHUI MX UCIOIB30BaHU SIBIIAETCS MOMyYEHNE MaTepHaloB
IUIsL TOPO’KHO-CTPOUTENBHBIX padort [4, 15, 16]. Bonpock aBromaru-
3a1uM padOThl TAKMX KOMIUIEKCOB AKTYaJIbHBI HE TOJIBKO C TOUYKH 3pe-
HUSI CHIOKEHHS ce0ECTOMMOCTH ITpoliecca APOOICHUSI, TOBBIILICHHS €r0
MIPOU3BOJUTEIBHOCTH, HO U JJI1 MUHUMH3ALNN BIMSHUS YEJTOBEYECKO-
ro ¢akTopa Ha paboTOCIIOCOOHOCTh YCTAHOBOK, YIYUIICHUS YCIOBHIMA
Tpy/Ja, yAy4llIeHus] 5JKOHOMUYECKHX Tokasarenel [1, 8, 17].

Ha puc. 1 mpuBenena cxema IpoOMIHFHOTO KOMITIEKCA, T Ha CTa-
JH TpoOIeHUsI KCIIONb3YyeTCs HEHTPOOSKHO-ynapHas aApoouika [19].
K BcriomorarenbHOMY 000pyIOBaHUIO OTHOCSITCS: TUTATENb, CEMb KOH-
BEEPOB; JIBa IPOXOTA, a TAKKE MarHuT U BoJAsiHOM Hacoc. [Tutarenu u
IpOX0Ta KOMIUIEKTYIOTCSl BUOparopamu. Kpome Toro, ncnonb3yrorces
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pa3NuYHbIe TAaTYUKH (Beca, CKOPOCTH M T.J.) U UCTIONIHUTEIbHBIC Me-
XaHH3MBI (YCTpOICTBA aBapUITHOTO OTKITIOYCHUS, YCTPOMCTBA yIIpaB-
JICHWs Harpy3KOW JABHUTATENeH U T.11.).

_ Macoc ana soau

Puc. 1. Cxema a1poOHIBHO-COPTUPOBOYHON JIMHUN

O06opynoBaHus CUCTEMBI YIIPABICHHUS:
JJist MOCTpOEHUSI CHCTEMBI yIIPaBIeHUsI POOMIIBHON YCTaHOBKOM
HCTOJIB3YETCs cienylolee 000pyaoBaHue:

[Iporpammupyewmslii torngeckuii kontpomnep OBEH ITIJIK110-
60[MO02]

Cencopnas nmanens onepatopa OBEH CII315

Mogynb aHalIOroBOro BBOAA C YHUBEPCAIbHBIMU BXOJaMHU
OBEH MB110-101

[Ipeobpazosarens yactorsl OBEH ITUB102-2K2

Cereoii nutro3 aiist qocryma k cepucy Owen Cloud [IM210-24
brok mutanus OBEH BIT60K nist koHTpossiepa U maHe u
brnox muranus OBEH BII60b-/14-24 nns nepudepuitHbIx
YCTpPOMCTB

Kak BuHO U3 mepeuHs, UCIOIb3yeTCsl 000PYI0BAHNE OTEUECTBEH-
nHoro npousoautenist OBEH [5]. larroe ob6opynoBanue ornmpoOoBaHO
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BO MHOTHX IMOJOOHBIX CHCTEMax M ABISETCA OJHUM U3 JYYIIHX IO
COOTHOUICHUIO IIeHa-KauecTBO. HecOMHEHHO, CyIIECTBYIOT CUCTEMBI
Y 3JIEMEHTHI ApYyTrux npousBoauteneii [7, 10, 21], Ho ux cpaBHeHUE H
BBIOOp HE SIBISUIMCH 3a/1aueii pa3pabOTUYMKOB, TaK KaK NepeyeHb 000-
PYZIOBaHUsI B JAHHOM IPOEKTE ONPENENIACTCS 3aKa3UHKOM.

CTpyKTypa cucTeMbl YIPaBJIeHHUsA
B 0o61iem, cTpyKTypa CHCTEMBI YIIPaBICHHUS UMEET CIICTYFOIINHN BU/T

(puc. 2).
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Puc. 2. CTpyKTypa CUCTEMBI YIIPABICHHUS

OcHOBHBIM 00paboTYnKoM HHGOPMAIMH B CHCTEME SIBISETCS
[JIK110-60[MO02] [11]. OH npou3BoauT 00pabOTKY CUTHAJIOB OT arpe-
raToB CHCTEMBI, TIOCTYTAIONINX Ha COOCTBEHHBIE TUCKPETHBIE BXOJIBI
U aHAJIOTOBBIE BXOJBI MOAYJIA aHAJIOrOBOTO BBoAa [9]. Takxke OH BHI-
JTaeT YIIPABISAIONINE CUTHAJIBI HA COOCTBEHHBIE AMCKPETHBIC BHIBOJIBI
W 9acTOTHBIN npeodpa3zosarens [10], 3agaromnuii 000pOThI JBUTATENS
KoHBeliepa nuratensi. OCHOBHBIM CPEJICTBOM B3aMMOJICHCTBUSI C OTIe-
patopoM siBsieTcst manenb omneparopa CII315 [11]. Kpome Toro, mms
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YIAJIEHHOTO KOHTPOJISI U yIPaBIEHUS HCIONb3YeTCs CETEBOM IUTI03
[12]. Best 00paboTka BBO/Ia U BBIBOJI JAHHBIX TaKXkKe SBISETCS (PyHK-
umeit [UIK [6, 14].

OTmeTHM, 4TO AJIs Nepeadll CUTHAJIOB BHYTPH CUCTEMBI UCIIOJb-
3YIOTCSI Pa3JINYHBIE CPEABbl. bOIBIIMHCTBO YCTPONCTB MOAKIIOYEHBI IO
JBYXIIPOBOJHOMY Kabemto U TexHonoruu RS-485. [lanens oneparo-
pa cBs3aHa ¢ KOHTposiepoM 1o kabemo Ethernet. Oto pasnenenue,
KpoMme ynoOCTBa IMOIKIIOYCHNUS, CBSI3aHO ¢ opraHu3anuell oomena. B
ceaske [1JIK — manens oneparopa naHesb sIBISIETCS MAaCTEPOM POTO-
kojia Modbus, a /1st oCTaNmbHBIX YCTPOUCTB MacTepoM siBisiercst [TJTK.

[lono6Hoe neneHue MO3BOJSET KOHTPOJUIEPY B PeajbHOM BpeMe-
HU pearupoBaTh Ha M3MEHEHUS COCTOSIHUS yIPABIAIONINX SIEMEHTOB
nanenu. Ecnu nanens paboraer B peskume slave, To [IJIK BoiHyxaeH
OTCJIEKUBATh COCTOSIHHE TIAHEIIN Yepe3 3aJaHHbIE BPEMEHHBIE ITPOMe-
xyTKH (poll time) mnbo n3menenus snauennii (value). 3To MOXKET BbI-
3bIBaTh 33JICPXKKH, BIEKYILHE 32 COOON HEOAHO3HAYHOCTh HHTEPIpe-
Tal¥ BBEJACHHBIX JaHHBIX. Hampuwmep, ObIcTpoe IBOWHOE HakaTHE
KHOIIKM MOKET 00paboTaThCs Kak OJMHAPHOE, YTO MPHUBEIET K pacco-
[JIJACOBAHUIO COCTOSIHUS ITAHEIH U COOTBETCTBYIOIMUX JaHHbIX TTJIK.

Ecnu e nanenp HaXonuTCs B pexxuMme Mactep (master), To Bce U3-
MEHEHHUSI HETIOCPEACTBEHHO BBI3BIBAIOT OOHOBICHHE perucTpoB [1JIK
1, COOTBETCTBEHHO, 00padaThIBAIOTCS POTPaMMOH.

J1st ocTanbHBIX 3JIEMEHTOB CUCTEMbI TAKOH PEXHUM HeoOs3aTelNeH
(1 cnoXHOpeanu3yeM MpH 33JaHHBIX YCIOBUX), TAK KaK OHU padoTa-
0T TM0O0 TOJIBKO B PEXKHUME UTCHHUS, TUOO B PEKUME 3aIHCH.

Takoke B ccTeMe paboTaeT CeTeBO 1LTH03, 00SCIICUMBAIOIIHI CBA3b
1o pajriokanairy (Texaonorus GPRS) ¢ BHENHIMY NOITB30BaTEISIMHE JTST
YAAJIEHHOTO MOHUTOPHHTA, YIIPABJIEHUs 1 cO0pa CTaTUCTUKH.

HNHuTrepdeiic mosb3oBarest

[lo cornacoBanmIoO ¢ 3aKa34MKOM ObLT pa3paboTaH HHTEpQEc Mob-
30BaTeIIsl, pean30BaHHbIN Ha TaHen oreparopa CI1315 [18] (pwuc. 3).

Peanu3oBanbl 1Ba OCHOBHBIX peskiMa padoThl: «Pabota» u «Hanan-
Ka». FIX OCHOBHOE OTIIMYHE B TOM, 4TO pexxuM «Hamaaka» mo3soisier
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BKJIFOUHMTH 000pyI0BaHKE B JIF000# MocieqoBaTebHoCTU. Pexxum «Pa-
60Ta» OmpeeNseT YSTKYIO MOCIeI0BaTeIbHOCT BKIIIOUCHHUS arpera-
ToB. COIIaCHO TEXHUYECKOMY 3a[aHHUI0, OUSPEIHOM arperar JOKeH
BKJTIOUAThCS HE aBTOMATHYCCKH, & TIPU HAKATUH KHOTIKH 3aITycKa orie-
paTopom, eCiIu OO OYePe/Ib COTIACHO MOPSIKY BKItoUeHus. [Tpu
9TOM, €CJTH Yepe3 3aaHHbII MPOMEKYTOK BPEMEHHU HE Oy/IeT MOMyUueH
CHTHAJI, OATBEPXKIAIOIINI 3aIlyCK arperara, CUCTeMa MEPEXOIUT B
cocrosiHue omuoOKu. Jlanee, B 3aBUCHMOCTH OT 33J[aHHBIX YCIOBHA,
CHCTEMa OCTAaHABJIMBACTCS MOJHOCTBIO, JINOO YaCTHYHO.

Hanpsxenue .
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Puc. 3. I'1aBHBIN 3KpaH CHCTEMBI yIIPaBICHUS

OuepenHol arperar s 3aIycKa IIoMeYaeTcs ONpeAeICHHON Mo-
CBETKOI. HekoTophle 311€MEHThI MOTYT BKJIIOUAThCSl HE3aBUCHUMO OT
JPYTHX HOCJIe MOJHOTO 3aiycka cucreMsl. Hanpumep, Hacoc, Bubpa-
TOPBI, MATHUT U T.I. BuOparops! Taxke MOTyT paboTarh B aBTOMAaTH-
YECKOM peXHMMe, BKIIIOUAsCh Yepe3 3aJaHHbIe IEPHO/IbI BpEMEHH.

Kpowme toro, Ha sxpaH BeIBOANTCS MH(OPMALXS, IIOJIyUSHHAsI C 1aT-
YHKOB CHCTEMBI, TAKMX KaK TOATBEpKIeHHE paboThl arperara, TeKy-
1€ JaHHBIE [10 HArpy3Ke, IPOU3BOAUTEIBHOCTH U T.IN.
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BcenomorarensHble OKHa JAIOT BO3MOXKHOCTB BBITTOJIHUTE JIOTION-
HUTEJIbHbIC HACTPOMKH (3a/1epKEK, KPUTHUECKUX 3HAYCHUH, ...) WM
MIPOCMOTPETH 33JJAHHYIO CTATUCTHKY 110 pab0oTe CUCTEMBI U OIIHNOKaM.

Taxske mpeycMOTpeHa 3aInuTa HEKOTOPBIX PEKMMOB U JAHHBIX T10-
CpEACTBOM MapoJei.

B kauecTBe OMOTHUTENEHONW BO3MOKHOCTH pabOThI C CUCTEMOH,
0CcO00EHHO TIPH HACTPOIKE W BOSHUKHOBEHUH HEHCIIPAaBHOCTEH, opra-
HBI yIIpaBleHUsl AyOIUPYIOTCs B CUCTEME ITPOTpaMMHUPOBAHUS, Yepes
nntepderic Codesys HMI (cucrema ncronHerns Busyannsanuii) [2].

B sTOM pexnMe MosBISIOTCS AOMOTHUTEIbHBIE BOSMOKHOCTH TIO
HacTpolike 000pyI0BaHUs, KaTMOPOBKE arperaroB U Ipyrue cepBUC-
HbIe (DYHKIIHH.

BeiBoabl

Takum 0Opa3om, B cTaThe ONKMCaHa CTPYKTypa pa3pabOTaHHOH CH-
CTeMBI YIIpaBJICHUS KaMHEIPOOMIFHONW ycTaHOBKOW. E€ 0CHOBHBIMHU
OCOOEHHOCTSIMH SIBJISIFOTCSI MCIIOJIb30BAHNE OTEYECTBEHHOM amnmapar-
HOM 0a3bl U pasesieHrne YCTPOMCTB M0 IPyMNIiaM C pa3iIndHbIMU MPO-
TOKOJaMH ¥ (hopMaTamMu 0OOMEHa.

Haubosiee nHTEpECHBIC M HOBBIC PELICHUS MMEET MPOrpaMMHast
yacTh cucteMbl. Ee onrcanne OyieT BRITOTHEHO B OT/AEIHHOMN CTaThe.
Hexoropsie 0cOOCHHOCTH OTpaxkeHkI B padoTe [3].

JlarHas cTpykTypa Oblia ommpoOoBaHa Ha OOBEKTE B TECTOBOM pe-
KHME ¥ [oKa3aja cBow padotocnocobHocts. [locne npoBeneHus mc-
IIBITAHUN B PEaIbHOM PexuMe paboThl OyneT MpoBeeHa ee OLECHKA U,
IIpU HEOOXOIMMOCTH, JIopaboTka. Takxke TUIaHupyeTCsl MyOIuKaIus
MIPAKTHYECKUX PE3YJIbTATOB BHEAPEHUS CUCTEMBI.

Eme omHuM BayKHBIM Pe3yJIbTaTOM MOKHO CYMTATh BO3MOYKHOCTb
HCIOJIb30BaHMS PE3yJbTaTOB paboOTHl B y4eOHOM IpoLecce Kak Ha
CTPOMTENHHBIX HAIIPABIEHUIX MOAr0ToBKH, Harpumep 08.03.01 Asro-
MOOWIIBHBIE JOPOTH, TaK U Ha HH)OPMALMOHHBIX, TakuX kKak 09.03.01
Wudopmarnka 1 BEIUUCIUTENbHAS TexHuKa, 27.03.04 Ynpasnenue u
nHPOpPMATHKA B TEXHUYECKUX CHCTEMaXx.
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