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AHHoTanust. OHUM U3 KOMIIOHEHTOB CHCTEM aBTOMATH3allMH IPOM3BOJICTBA OCTAIOTCS CPEICTBA YEIOBEKO-MAIIMHHOrO HHTepdeiica. BHemnuii
BUJ 1 (DYHKLIOHAIIbHBIE CIOCOOHOCTH HE MOTYT CTOSITh Ha MECTE TaK 7K€, KaK U aBTOMATU3aLlHs, B CBA3H € 3TUM B JaHHOU paboTe OCBelleHa O/lHa 13
BKHBIX CTOPOH aBTOMATH3aLMH ITHILEBOTO TIPOU3BOICTBA — YEIOBEKO-MAIIMHHBIN MHTEpdelic, HapaBIeHHbIH HAa COBEPIICHCTBOBAaHHE pabovero
Mecta omneparopa. Ha aucnerdepckoM ypoBHE aBTOMATH3alMM HEOOXOIMMO IMPEXYyCMOTPETh PEILICHHE BCEro CIEKTpa MOCTABJISHHBIX 3a7ad,
MOCTaBJICHHBIX B XOJI€ BBINOJHEHUs JAHHOTO INpoekTa. LlemsiMu co3faHusl MpOEKTa SBISIOTCS COKPAILEHHE BPEMEHH Ha IPUHSATHS PELICHUs
TIEPCOHANIOM, TTOCKOJIBKY, PE3yJIbTaTUBHOCTb MPEAIPUITHS YaCTUYHO 3aBUCUT OT CKOPOCTH BBIOJNHEHHS 33/1a4H, OIOBELICHHE 00 OMAacHOCTU W
HapyILEHUsX, a TAKkKe NPeJOTBPALLECHIE aBAPUIHHBIX M HEIUTATHBIX CUTYaLii IPOLIECCe BBITAPHBAHUS MOJIOKA, XPAHEHHE M apXMBALUs JAHHBIX O
HPOTEKaHUH IpoLiecca, HEOOXOUMBIE Ul COCTABIICHHS! OTUETOB, IPUMEHSAEMbIX Ul PaccieOBaHUil IPHUYMH BO3HUKHOBEHHUS JI000H aBapHitHOM
CHTYAlUH TIPH BBITAPHBAHUY MOJIOKA. [IpesicTaBleH IPOEKT YenoBeKO-MaIIMHHOIO HHTepdelica porecca BEIIApUBAHKS MOJIOKA, Pa3pabOTaHHBIA B
cpenie TRACE MODE. Ocobennocteio TRACE MODE sBrnsiercss TeXHONMOTHs €IMHON JIMHUK MPOrPaMMHPOBAHHS, TO €CTh BO3MOYKHOCTB
pa3paboTku Becex Moayneir ACY mpu moMoIy OJJHOro MHCTpyMeHTa. B pa3paboTaHHOM MpOEKTe 4eNOBEKO-MAIIMHHOTO MHTepdeiica mporecca
BBINAPUBAHUS MOJIOKA IIPEITIONIAaraeTcs UCIOoNb30BaHUE JIByX OCHOBHBIX OIEPATOPCKUX CTAHIMI U OHON pe3epBHOM. JIBa M3 HUX 1t pabO4UX MECT
OIIECPaTOPOB M - PE3EPBHBIA, HCIONB3YeMBbIH B aBapHHHBIX cHTyalwsX. PaspaGoranHelii mpoekt B cpenre TRACE MODE nossomser
YCOBEpILIEHCTBOBAaTh padoyuee MECTO Oneparopa BaKyyM-BBINApHOIN YCTaHOBKH, COKPATUTh BpeMsl HEOOXOIUMOE HA pearpoBaHUE U IPUHSTHE
pelenuii nepconanom. Kpome Toro, cucremMa CUrHaIM3alliy aBTOMATHYECKOH CUTHAIM3ALMH TIO3BOJISIET CHU3UTD KOJIMYECTBO Opaka MpOoyKLHH, H,
COOTBETCTBEHHO, IIOBBICUTD BBITYCK M CHU3UTh CE0ECTOMMOCTD MPOLYKLMHU Ha EMHULLY ChIPbsl. Pa3paOoTaHHBIH IPOEKT NOIHOCTHIO YIOBIETBOPSIET
TEXHUYESCKOMY 33/IaHHIO 1 BHE/IPEH Ha IIPOM3BOJICTBO.

KuiroueBble ci10Ba: CryméHHOE MOJIOKO, aBTOMATH3aIMs, MOJIOKO, BBIIAPUBAHUE, MAILIMHHBIN HHTEpderic

SCADA project for milk evaporation in double-effect evaporators
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Abstract. Human-machine interface tools remain one of the components of production automation systems. Appearance and functional
abilities cannot stand still in the same way as automation, in this regard, one of the important aspects of food production automation is
highlighted in this paper — a human-machine interface aimed at improving the operator's workplace. At the dispatcher level of automation, it
is necessary to provide for the solution of the entire range of tasks set during the implementation of this project. The objectives of the project
are to reduce the time for decision-making by personnel, since the effectiveness of the enterprise partially depends on the speed of the task,
notification of hazards and violations, as well as the prevention of emergency and abnormal situations during the evaporation of milk, storage
and archiving of data on the course of the process necessary for the preparation of reports used to investigate the causes of any emergency
when evaporating milk. The project of the human-machine interface of the milk evaporation process, developed in the TRACE MODE
environment, is presented. A feature of TRACE MODE is the technology of a single programming line, that is, the ability to develop all the
ACS modules using a single tool. In the developed project of the human-machine interface of the milk evaporation process, it is assumed to
use two main operator stations and one backup. Two of them are for operator workstations and a backup one used in emergency situations.
The developed project in the TRACE MODE environment makes it possible to improve the workplace of the operator of the vacuum
evaporation plant, reduce the time required for response and decision-making by personnel. In addition, the automatic alarm system allows
you to reduce the number of defective products, and, accordingly, increase output and reduce the cost of production per unit of raw materials.
The developed project fully satisfies the technical task and has been put into production.

Keywords: condensed milk, automation, milk, evaporation, machine interface

Beenenne matrHHOTO HHTepdeiica (HMI) mexay oneparopom
Y aBTOMATU3UPOBAHHON CHCTEMOM YIpPaBIICHUS
TexHojorndeckuM mnporeccom (ACYTII) Beima-
pUBaHUSA MOJIOKA.

ABTOMaTH3MPOBAHHAS CUCTEMA YIIPABJICHUS
texHonmorudeckum mporeccom (ACY TII) mpous-
BOJICTBA CT'YIIICHHOTO MOJIOKA Mpe{Ha3HAYCHA IS

PEIICHHS 33/1a4 KOHTPOJISL, 3alUThI, CUTHAIH3AIIHH, MarepuaJjibl H METOAbI
ABTOMATUYCCKOI'0 PETYJIMPOBAaHUA OCHOBHBIX U TpeGOBaHI/IﬂKI/IH(bOpMaLII/IOHHLIM CI)YHKHPUIM
BCIIOMOTATEIbHBIX TEXHOJIOTHYECKUX MTapaMeTpOB ACYTII npexacrasietst B Tabmmuax 1, 2.
o0bekra [1-3] MecTo u coco0 NMpeAcTaBlIeHUsT MTEPEMEH-
Hensto paspaborkn SCADA-1poekTa ykasaH- HbIX — Ha 3kpaHe MoHuTopa APM onepatopa
HOro mpornecca sABJIACTCA oOecrieueHre YEIOBEKO- B HI/I(IJPOBOM "u rpa(bﬂquKOM BUJIE.
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Ta6muua 1.
TpeboBanus k pyHKIHIM KOHTpOA [4, 5]
Table 1.
Requirements for control functions [4, 5]
Junamazon TouHoCTH
HaunmeHoBaHNE KOHTPOIUPYEMON TEXHOIOIMYECKOH epeMEeHHON H3MeHeHHs, abc. efl. | KOHTPoJI, abc. exl.
Process variable to be monitored Range of variation, Accuracy of

abs. units control, abs.
Pacxox ucxoaHoro Monoka | Feed-to-evaporation ratio 1-25 1/ +0,25+ 0,5 1/u
2) [laBjieHKe IPEIOLIETO mapa nepes HKEKTOPOM |
Heating steam pressure upstream of the ejector 08-1Mlla +18/236x11a
3) JlaBieHue OXJIaXKIaI0IIER BOIbI IIEPE] TOBEPXHOCTHBIM KOHIEHCATOPOM |
Cooling water pressure upstream of the surface condenser 0,13-0,17 MIla *18/£36xlla
4) Paspexenue Ha koHgeHcarope | Condenser vacuum 0,08-0,095 MIla +18/+36kl1a
5) Temneparypa OXJIaXIArOIIEi BOIBI IEPe] KOHIECHCATOPOM | o o
Cooling water temperature upstream of the condenser 18-200°C Fl22°C
6) Temneparypa mapa B mepBoM cemapartope | Steam temperature in the first separator 67-690 °C +1/42 °C
7) Temnepatypa mapa Bo BTopoM cenaparope | Steam temperature in the second separator 49-510 °C +1/+2 °C
8) Temmneparypa napa B nepBoM Kainopusarope | Steam temperature in the first calandria 84-860 °C +1/+2 °C
9) Temnepatypa mapa BO BTOPOM KaJOpH3aTopeE | o o
Steam temperature in the second calandria 67-630 °C +1/22°C
10) YpoBeHb KHILAILIETO NMPOAYKTa B mapooraenuTessx | Boiling level in steam separators 0-35% +1/4+2 °C
11) YpoBenb Kumsiero npojaykra B ucnapureisx | Boiling level in evaporators 0-90% +0,9+1,8%
12) InotHoCTH rOTOBOrO MpoayKTa | Density of outputs 1,2-1,3 r/em® +0,05/+0,1 r/cm®

TpeOGoBaHUs K CHCTEMaM aBTOMAaTHYE€CKOTO PEryIHPOBAHUS

Requirements for automated control systems

Tabnuna 2.

Table 2.

JlomycTrMBIe 3HAYCHHUS TIPSIMBIX TIOKa3aTeIen
HaumeHnoBanue peryiaupyeMoii nepeMeHHO| Y3nH KadecTBa
Variable to be monitored Yspec Acceptable direct quality indices

chm I Ydsl Yd()mt | Yddyn tp I t \U() I d
1) Temnepatypa MOJIOKa IOCIIE TOJOTpeBaTeneH | ° ° o
1) Milk temperature after heaters 105°C +1°C +4°C 15wmn | >0,75
2) Pacxon ucxoanoro mosoka | 2) Consumption of raw milk 25 1/9 +0,25 1/4 +1 1/9 1 muH >0,75
3) I110THOCTB TOTOBOTO MPOJIYKTA | 3 o o
3) Density of outputs 1,3 r/mc +0,25% +1% 20 mun | >0,75
4) Pacxon nmapa nepes AByXCTYHEHYATBIM 3XKEKTOPOM |
4) Steam flow upstream of two-stage ejector 161/ 161/ 1 1/ lvim | >0,75
5) Pacxox XomoqHO# BOJIBI TIepe T TOBEPXHOCTHBIM
xorziencatopom | 5) Cold flow upstream of surface condenser | 127/ 2012 1/2 11/ 1y | >0.75

TexHomornyeckas cxema Ipolecca Cryliie-
HHS MOJIOKa IMOKa3aHa Ha pucyHke 1. B xauectse
00BEKTa peryIMPOBaHUs BHIOPAH y4yacTOK H3MEHe-
HUS! INIOTHOCTH TOTOBOT'O TIPOJIYKTA MOCIIE MapOOT-
nenurens (pucyHok 2) [6].

aBTOMaTHU3alMu

PI/ICYHOK 1. Texnonornyeckas cxema nponecca CryucHus
MOJIOKa

Figure 1. Flow chart for milk condensation
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Pucynok 2. YyacTok nmporiecca, BBIOpaHHBIH Kak 00bEKT

Figure 2. Section selected for automation
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Tabnuna 3.

VYcnoBHBIE 0003HAYCHUS 060py,I[OBaHI/I$I 1 MaTCpHUaJIbHBIX ITOTOKOB

Table 3.

Equipment and material flow symbols

No O6opyaosanue | Equipment Marepuanbubiii motok | Material flow
1 HWmxekrop | Injector 1x xosoaHast Boja | 1x cold water
2 [Tapootenurens | Vapor separator Ir ropstuas Boaa | 19 hot water
3 IloBepxHOCTHBIN KOHAeHcaTop | Surface condenser 2 map (nepBuuHbIi) | 2 steam (primary)
4 ITu6ep | Schieber 2B BTOpHUHBIN map | 2¢ secondary steam
5 IlyckoBoii askekTop | Starting ejector 28 momoxo | 28 milk
6 JIByxcrymen4atsiit asxekrop | Two-stage ejector 29 "acTiHO Hoﬂ%ﬁ}{éﬂgﬁgg ?nl\fﬁ(HOKo 29 partially

BakyyMm-Hacoc I OTKauWBaHHs KOHICHCATa .
7 Vatuum pump for condensate evacuation | 30 crymenroe mornoko | 30 condensed milk

BakyyMm-Hacoc Ul OTKaunBaHMS CTYIIEHHOTO MOJIOKA
8 y\};acuum pump for condensed milk evacuation | 31 xonpencar | 31 condensate
9 Ilogorpesarens nepBoi CTyNeHH
First stage heater
JIpocceNbHBIN KIamaH s OTKaYNBaHKs CTYIIEHHOTO

10 MOJIOKa

Throttle valve for evacuation of condensed milk
11 IlomorpeBarenb BTOpOH CTYIICHH

Second stage heater
12 Ilonorpesarens TpeTheH CTyneHNn
Third stage heater
13 Wcnapurenu | Evaporators
14, 15 JlBurarenu | Engines

[Tpom3Best HOACUYET BCEX THITOB CHTHAJIOB, HC-
TMONB3yeMbIX Ha KOHTposutepHoM ypoBHe ACY TII,
OBLIO OIpe/IeNieHO KOJIMYECTBO BBIXOZOB KKIOTO THITA:

e anasoroBsii BBoA (Al) s Tepmoconpo-
THUBJICHHUH — 6 IIT.;

e amajoroseiii BeiBOA (Al) mis curmama
4-20 MA — 18 mmit.;

e muckperHbiit BBOJ (DI) — 2 mir.;

e muckpertHblii BeiBo (DO) — 12 mi.

IMpoBenss ananu3 MojmyJsiell KOHTpoJLIepa
MIF-PPC u xonnuecTBa curHaaoB BBOJA U BBIBOJA,
BBIOMpAEM CJICIYIOIINE MOYJIH:

1 monmynms MIRage-FPT ul cyomonmyns
PB-RS485T auist nogkitoveHus 10 8§ TePMOMETPOB
COTIPOTHUBJICHHUS;

3 BIIN TFCUR u 3 cyobmonyns PB-V35T
JUTSI TOJIKITFOUYCHHST 10 8 JaTYUKOB C YHUDUIIUPO-
BaHHBIM TOKOBBIM cUTHaJIOM 4—20 MA;

1 BITX TFDIN3 u 1 cyomomyns PB-DIN3T
JUTSL TOKITFoUeHuUs 710 20 TUCKPETHBIX CUTHAJIOB;

1 BITK TFDOUT2 1 1 cyomonyns PB-DO16T
JUTS TIOAKJTFOUCHUS J10 1 6-TH TUCKPETHBIX YIIPABJISIO-
VX CUTHAJIOB C BBIXOHBIM HampspKeHueM 24B.

Ha gucnieruepckom ypoBHE aBTOMATH3alUU
HE00X0JMMO TIPETyCMOTPETH PETIIEHHE BCEro CIIEKTPa
3a/1a4 OrepaTopa 1 ux yA00HOE BBIIOIHEHHE C aBTO-
MaTH3UpOBaHHOTO paboyero mecta (APM). [lusa
KOKIOTO M3 YYacTKOB IOMHUMO OOIIeld (opMbI
HEOOXOMMMBI (hOPMBI, KOHKPETH3UPYIOIIHEC PadoTy
OTJICNIBHBIX allllapaTOB M CUCTEM PEryJIHMpPOBAHHUS,
MO3TOMY C 3TOU (hOPMBI JIOJDKEH OBITH 00ECIICUCH
JOCTYI K Py MOMOJHHUTENBHBIX ¢opm [9-20].
[Ipenmnonaraercs co3aaTh ClaeayOUe (OPMBI;
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® [apOOTAEINUTEND, HCIIAPUTEID, HHKEKTOD;

® [apOOTAENUTENb, UCTIAPUTED;

® TIYCKOBOM 3)KEKTOp, JBYXCTYIEHYATBII
IKEKTOP, MOBEPXHOCTHBIN KOHJEHCATOP;

e [IOIOTPEBATENN MEPBOM, BTOPOH U TPEThEH
CTyHEHEeH.

Pe3yabTaTthl

st paspabotkun SCADA-mipoekTa paccmatpu-
BAEMOro Iporiecca pazpaboTaHa cXema B3auMOJEH-
cTBUs 3KpaHHBIX (opM (pucyHok 3). J{nst ymoOcrBa
yIpaBiIeHHUs ydacTKaMy MOMHMMO CBSI3eH, yKa3aH-
HBIX Ha pUCYHKE 3, B Iepefiefiax KaXJoro U3 HHUX
TPEeTyCMaTPUBAETCS BO3ZMOXKHOCTB TIEPEX0/1a MEKITY
BCEMHU JIOKAIBHBIMH (popMammu.

Jns  nmanpHEWIIero  MpOTrpaMMHPOBAHHS
napajjIeIbHO BBEIEM KpaTKue 00O03HaueHHWe IJist
TpeOyeMbIX HapamMeTpoB.

AnmapaTsl:

®opma 1l (mapooraenurenb, HCHAPUTEID,
WHXXEKTOp): mapootaenurensd 111, ucnapurens I,
unxextop UH, perynupyromuii knamnas SVS.

®opma 2 (apoOTHENUTENb, HCHAPHUTEID):
napootaenutens 112, ucnapurens M2.

®opma 3 (mycKOBO# KEKTOP, ABYXCTYICH-
YaTbhlil 3’KEKTOp, MOBEPXHOCTHBIM KOHJIEHCATOD):
myckoBoi akektop 13, nByxcTymeH4aTslil 3KeKTop
13, moBepxuocTHbIN KoHAeHCaTOp [IK, perymupy-
romui kianad SV3, perymupytrontuii kinanad SV4.

dopma 4 (TIomorpeBaTenu mepBoii, BTOpoii 1
TpEeThel CTymeHel): mogorpeBaTeNid IEPBOU CTY-
nenu [1/]1, nogorpeBatens BTopoil ctynenu 11]12,
nojiorpeBaTenb TpeTbelt crynenen 11713, nacoc M1,
Hacoc M2, perynupyromuii kinanad SV1, perynu-
pyromuii knaman SV2.
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Figure 3. Schematic for screen interactions of the
developed node

B paspabareiBaecmom mpoekte ACYTII
MPEJIoaraeTcs UCMOIb30BAaHUE JIBYX OCHOBHBIX
OTIEPAaTOPCKUX CTAHIIMKM M OJHOW pe3epBHOM [7.8],

A Cryme . sevnonys (111 M.

Ananerne

< >

post@vestnik-vsuet.ru

TO HEOOXOOUMO B pelakTope 0a3bl  KaHaJoOB
SCADA - cucreme TPEUC MOV 5.0 co3gath
Tpu APM Gomnpmmioit MomtHOCTH. JIBa M3 HUX IS
pabourx MecT OIepaTopoB M OJMH PE3CPBHBIH, HC-
MOJIb3yEMbII B aBapUIHBIX cUTyauusx. g apxuBu-
POBaHUS TAHHBIX MOCTYMAIOIIMX OT KOHTPOJIJIEPOB U
C pabourX MECT OTepaTopa CO3MaIIM Y3eI TII00alTh-
HOro perucrparopa. Jljis KOHTPOJIJIEPOB HIKHETO
YPOBHSI CO3/aIMM TPH y3J1a MaJOH MOIHOCTH. _

Bce skpanbl B rpaduueckux 6azax TPEMC
MOY I cobpans! B rpymnnsl. [loaTomy B penaktope
MIPEJICTABIIEHUS] JAaHHBIX pealn30BaHa TPYyIIH-
POBKa 5KpaHOB. OTy TPYIIHMPOBKY yIOOHO HC-
MOJB30BaTh UCX0A U3 (GYHKUHMOHAIFHOTO Ha3Ha-
YEHHSI IKPAHOB.

B nmannoii pabote, B mpouecce pa3pabOTKu
rpadudeckoii yacTr ObUTH CHOPMHUPOBAHBI SKPAHHBIE
(dhopMBbI IS yKa3aHHBIX TPYyIMI. Buabl 3KpaHHBIX
¢ opM mpencTaBieHbl Ha pUCyHKax 4—8.

- ARM: Crymon. monoxo; 1212

[ yposens

|
[ 00 |

[ Temneparypa

Prcynok 4. DxpanHast popMa «I1apOOTAEIUTEINb, UCTTAPUTEID,

HHDKEKTOP»

Figure 4. Screen form “‘steam separator, evaporator, injector”

crapr {_cvon

bl
e
==

PucyHok 5. DkpanHast opma «T1apoOTIeNTENb, UCTIAPUTEITH

Figure 5. Screen form “steam separator, evaporator”

Pucynok 6. DxpanHasi opMa «ITyCKOBOM KEKTOp, IBYX-
CTYIEHYAThIH RKEKTOP, HOBEPXHOCTHBIN KOHJIEHCATOP»

Figure 6. Screen form “start-up ejector, two-stage ejector,
surface condenser”
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Pucynoxk 7. DkpanHasi (opma «moJorpeBaresi MnepBoiu,
BTOPOH U TPETbEN CTyIEHEW»

Figure 7. Screen form “first, second and third effect heaters”
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‘@»—  Pucynok 8. OOmas sxpaHHas (opma ydacTka IpOU3-
BOJICTBA CTYIIEHHOTO MOJIOKa
Figure 8. General screen form of condensed milk
production section

O0cy:xneHue

B pesynprare paspaboTkum mpoekTa ObuI
OTIpesieNieH TIepeyueHb 3afad, pelaeMbIX Ha JAWCIIET-
4epcKkoM  ypoBH:X, paspaboran SCADA-npoekt
B cpeae TRACE MODE, pemiensl 3agaun paspa-
6otku mporpammuoro obecmeuenus ACY TII u
MIpeJICTaBlIeHa IPOrpaMMHast peanu3anns CUCTEMBI
aBTOMAaTHYECKOTO PETYIUPOBAHMS.

3aki0ueHne
PazpaboTaHHBII IPOEKT MTO3BOJISIET YCOBEPLICH-

BBIIIAPHOI YCTAHOBKU, COKPATUTh BpEMsl HEOOXOIHMOE
Ha pearupoBaHKe U IPUHATUE PELLIEHHUI IEPCOHATIOM.
Kpome Toro, cucreMa CHrHaJM3alliy aBTOMaTH4e-
CKOM CUTHAJIM3ALUU NTO3BOJISIET CHU3UTh KOJIMYECTBO
Opaka MpoAyKIHH, H, COOTBETCTBEHHO, IOBBICUTh
BBITYCK W CHU3UTh CE0ECTOMMOCTh MPOLYKLINHU
Ha €AVHMUILY ChIPbSL.

Pa3zpaboTaHHbIi TPOEKT IMOJHOCTHIO YAO-
BIIETBOPSIET TEXHUYECKOMY 3aJaHUI0 M BHEIPEH
Ha IIPOU3BOJICTBO.

CTBOBaTh pabodyee MECTO OmepaTopa BaKyyM-
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