Pa3pabotka umdppoBoro ABOMHMUKA KOMMNJIEKCA USMEeNbYeHUSA

oboratutenbHoun pabpukmn

AKTYaAJIILHOCTH

Amutpues TUXoH

Ha oOorarutenbHbix (paOpukax SKyTHHU BCIEACTBUE C MEPEXOIOM

A00bYM Ha NIYOOKHWE TOPU3OHTHI,

IJI€ BBICOKOE COIEPKAHUE

[JIMHUCTBIX TIOPOA, pylda IMOCie MPEABApUTEIBLHOIO JApOOJICHUS
IMOCTYIIAET B CaMbIM SHEPrO3aTPATHBIN U CI0XHBIM MIPOLECC, KOTOPBIN
TpeOyeT HeNpEepPhIBHOE HNOAACPKAHUE TEXHOJIOTMYSCKUX ITapaMETPOB,
TaM TIPOUCXOJUT OTKPBITUE IIEHHOIO KOMIIOHEHTAa U MOATOTOBKA K

0OOraIeHuIo.

I1po0JiemMbl:
* [loBBIIIEHHBIEC PHEPTrO3aTPaThl IPU 00OPAOOTKE.

* KayecTBO pabOThI MEJIBHHUIIBI.

* be3oTkazHOCTh QYHKITMOHUPOBAHUS METBLHHUIIHI.
* HapymeHHoCTh aaMa30B nocjie 00padoTKH.

Hean:
Pa3paboTrka mupoBOro ABOMHHMKA KOMIUIEKCA M3MEIBUCHUS

o0oratutenbHOU (haOpUKHU.

3agaum:
1. Amnann3 1 cOOp DaHHBIX IS MOJASIH MU(PPOBOTO JBOMHHUKA.
2. CocraBnenne MaTeMaTnudeCcKOl MOJEIN.
3. BpiOOp onTHMalbHOTO O00OPYAOBAaHMS YIPABICHHUS KOMILJIEKCOM,
IS MCIIOJIb30BaHUS ITApaMETPOB B MOJECIIH.

4. MonenupoBanue npoiiecca B MatLab.
5. Co3panue nudpoBoro ABoMHMKA B Scada-cucreme.

MaTteMaTrndeckKoe
OINMMUCAHHUE MOICJIN

[IepenarouHas (hYHKIHS
MEJILHUIIBI 1o KaHaJTy
«IIPOU3BOJAUTEIIBHOCTh —  BBIXOJI

TBEPJIOTO B PA3TPY3KY»:

IIpakTHyeckass padora ¢ MeJIbHUALICH

A 1
W (p) = qssix7 (D) _
AQ(p)  Tip+l
Ilepenarounas (bYHKIHS
MEJIbHUIIBI 1o KaHaJTy
«IPOU3BOAUTEILHOCTh — BBIXO]

KPYITHBIX KJIACCOB B Pa3rpy3Ky»:

_ AGppx ke (p) _
W,(p) = AO(p) =

k,
I,p+1

Pa3spaboTtKa rpadpuueckoro
nHTepdenca onepartopa-TexHonora

ynpaBAeHnsa meNbHULbI

IIporpammupoBanue IIJIK ocymecrBuasgercs B
MHTCTPUPOBAHHON MH(POPMAIIMOHHON CHUCTEME s
YIPABICHUS IPOMBIIIJICHHBIM IIPOU3BOACTBOM C
IOMOIIBI0 HporpaMMHOro oodecneueHne RSLogix

5000
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BHeapeHMe NnpoeKkTa NO3BO/IUT:
1. CHU3UTb TEXHONOTNYECKYI0 HapyLWeHHOCTb KPUCTAaN/I0B a/IMa30B;

2. lNoBblCUTb NPOU3BOAUTENIBHOCTb MO TOBAPHOMY K/1acCy B npoLecce namenbyeHuUs;
3. CHM3UTb 3HEepro3aTpaTbl Ha TOHHY NepepabaTbiBAEMOro CblpbS;

4. MoBbICUTb KayecTBO PaboTbl MENbHULbI M BE30TKA3HOCTb €€ PYHKLMUOHMPOBAHMUA.

PI

Haznauenue
IPOU3BOACTBEHHOI0 00bEKTA

Pyma, Haxomsch Ha JIECHTOYHOM KOHBEHEPE
MOCTYHaET B MEJIBbHHUILY MOKPOTO
camousMenpueHus. Ha nBurarene xoHBerepa
[POUCXOAUT  3aMe€p  €ro  Harpy304HbIX
XapAKTEPUCTUK,  PETYJIUPOBKAa  CKOPOCTH
BpAaIlCHUS JIIBUTATEIIS MIPOUCXOIUT C

TIOMOIILBIO PErYIATOPA YaCTOTEL.
“ o .

TexHoJI0OrHYecKum Mpouecc, Kak 00beKT AaBTOMATH3AIUHU

CurHaJibl Ha KOHTPOJIb U YIIPaBJIeHUE
IIpenea Perucrpai Curnaau3za
HaumenoBaHue napamerpa IToka3anmue PeryaupoBanue
u3mep. s s
320 000
Macca bI (pacxo + + + -
pyael (pacxon) e/
Pacxox BoabI) 120 m3/a + + -
YpoBeHb MYJIbIIbI 3 M - +
N3M. HOM. TOKA KOHBelepa 1000 mA - -
HN3M. HOM. TOKaA
1000 mA i + - +
KJaccu(pukaropa
npaBJIeHHE 3aABUKKOH MOTAYH
ynp A A % + + + -
BO/bI
JlaBjieHne B TpyOOIIpPOBOAE 10 xIla + + - -
TexHOIOrnYeCK KOHTPOJIb MW YIIPABICHHE MNPEAyCMAaTPUBACTCA: — C

ABTOMATH3MPOBAHHOIO padoyero mecra (APM) omneparopa, COCTOSIIETO W3
paboyeri CTaHIUM TEXHOJOTMYECKOrO YHOpaBiICHUS (aBTOMATHU3HMPOBAHHBIA U

APM oneparopa.

OneparopCKunii  yYPOBEHbB

OYHKIIMOHUPOBAHUE  CUCTEMBI

OWCTAHIIMOHHBIN PEXXHM); — € IIKada yrpaBicHUs (MECTHBIM PEXKHUM).
YVIPABJICHUS  KOMIUIGKCOM  BBIIOJHEH  C
ucnonb3oBanneM SCADA-cuctembl Trace Mode ¢ BbIBOOOM HH(OpMAIMM Ha

[IPOUCXOAUT B  TPEX  pEKUMAX: —

ABTOMATU3UPOBAHHOM, — JUCTAHITMOHHOM, — MCCTHOM.

BxonHble ImmapaMeTpsbl: - mojadya pylabl B MEJIbHUILY,

QP, 1/4; - pacxon Boabl B MenbHULLY, QB, M3/4;

BeIxoHbIE ITapaMETPhI: - BBIXOA MYJbIibl, Qm, M3/4;

- YPOBEHbB 3aM0JIHEHUA MEJIbHUILY, L, M; - HOMHUHAJILHBIN

TOK JBHUrarens knaccudpukaropa, EY, MA;

Bo3mymaroiiye napameTpsl: - (pu3nuecKkrue CBOMCTBA
pyabl (IIPOYHOCTh, TBEPAOCTh, PACKAIBIBAEMOCTb U T.]I.)

G, %; - T1pomeccel, CBSA3aHHBIC

3alITHIOOBKOM M cTapeHueM o0opynoBanus, F(t), %.
[lapameTrpbl  ymopaBsiieHUs: - pacxon pyabl B

N3HOCOM,

HHTCTpall
YT

menbHuLy, QP ,1/4; - pacxom Boasl B MenbHULY, QB,

M3/4.
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Kanan «3amanuey

Pa3paboTtKa rpadpunueckoro nutepdenca

onepaTopa-TexHo/10ra ynpaBaeHUa Mme/ibHUL bl

KackagHoi CAP

A.ETPOII B.3.KO3HH E.B.ITPOKO®BEB

DABPHUK

Kanan «3amanue)

ABTOMATHNYECKOE
YIIPABJIEHUE
TEXHOJIOTHYECKUMH e | B
IIPOIIECCAMM
OBOTI'ATHTEJIPHbBIX HayuyHaga anekTpoHHasa 6ubnuoreka

MapameTpbl paboTbl MenbHULbI:

K (Boaa) : T (pyna) 0,3-0,4p001
Boga B MesibHULLY 70 — 120 m3/y
[lpon3BoOAUTENBHOCTb no 320 1/y
CKopoOCTb BpaLleHUsn 16 06./MUH
6apabaHa, KpUTNYecKasn

MoLlHOCTb 2500 KBT
3/1eKTpoABUraTenNs

disserCat

‘ \s Kop3uHa nycra

HanTtu

Aucceptaumin u astopedepartos

HayyHas anekTpoHHas 6ubnuoTteka amuccepraumii M aBTopedepaTtos
disserCat — 3T0 caMmblit KPYMHbIW KaTanor Hay4HbiX paboT B
pOCCUICKOM MHTepHeTe. 3a bonee YeM AeCATUNIETHIO UCTOPUID
npoeKTa Nosb30BaTeNu Hawen GUbAnoTekn 0CTaBUAN OrpoOMHOE
konuyectso OT3bIBOB O Halwel pabore.

BbICLLIEE

OBPA3SOBAHUE

Haw dorp coctaBnget 6onee 740 TbiCSY HAy4HO-
uccnenoBaTenbckux pabot — cbiwe 440 Thicay guccepTaumii (386
ThICAY KaHAMAATCKUX U 54 Tbicsaum JOKTOpCKMX paboT) n 300 Tbicay
aBTOpedepaToB, YTO OTPAXKAET BCIO COBPEMEHHYO HayKy PO u ee
passutue. [1ns 60NbLIMHCTBA AMCCEPTALMOHHbIX UCCNEA0BaHUI B
KayecTBe 03HaKOM/IEHUS LLOCTYMHbI OrNaB/ieHME, BBEAEHUE U
CMUCOK nuTepatypbl. Bce aBTopedepatbl guccepTaumii MOXXHO
ckavaTtb 6ecnnatHo. Ana 6onee rnyboKoro nsyvyeHuns Hay4yHom
CTaTbM €CTb BO3MOXHOCTb 3aKa3aTb [OCTaBKY TOFO UM UHOMO
Hay4YHOro TekcTa 1 ckayatb ero B popmate PDF n Microsoft Word
(.doc), T.0. MOXXHO M36aBUTbLCA OT HeobxoanMocTH noesaku B PIB.

Karanor aucceprauui u asTopedepatos no
cneumanbHoctam BAK PO

KaHan «BosmyuieHne»

3HaueHUd IapameTpoB HacTporikua IIM-perymstopa

IJIS1 TAHHOTO OOBEKTa IPUHUMACTCH:
Kp=0.1; Ki=0.07.

lpaduK nepexoaHbIX NPOLLECCOB

HacTpoeuHblie
[NoKa3aTenmn KayecTBa
napamerpb! M nepexoaHOro npouecca
CAP perynatopa e POt
Kp Ki Azagp. Amax. tp
. o 3agaHuto 0,1 0,07 1200 1440 24
BHyTpeHHUn

ROHTYP Mo BO3MYLLEHUIO 0,1 0,07 - 0,39 22
BHELWHNI KOHTYP Mo 3agaHuo 1,2 0,015 0,5 0,57 121

Pa3paboTtKa rpadpumnueckoro nHtepdemnca onepartopa-
TeXHO/10ra ynpaBaAeHUA MebHULbI

Pa3paboTKy uUnPpoBOro ABOUHUKA

KOMMNNIEKCA M3MenbyeHus oboratutesibHOU

babpunkn ocywectBNAeM B MHTErPUPOBAHHOM WMHPOPMALMOHHOM CUCTEME ANA
ynpasseHnAa npombiwneHHbim nponssogcrsom TRACE MODE.
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Development of a digital twin of the grinding complex of the processing

plant

Dmitriev Tikhon

Relevance

At the processing plants of Yakutia, due to the transition of
mining to deep horizons, where there 1s a high content of
clay rocks, the ore, after preliminary crushing, enters the
most energy-intensive and complex process , which requires
continuous maintenance of technological parameters, a
valuable component is discovered there and preparation for
enrichment.

Problems :
* Increased energy consumption during processing.
* The quality of the mill.
* The failure-free operation of the mill.
Disturbance of diamonds after processing.

Purpose :

Development of a digital twin of the grinding complex of
the processing plant .

Tasks
1. Analysis and Data Collection for the Digital Twin Model

2. Drawing up a mathematical model .

3. Seclection of the optimal complex control equipment to
use the parameters in the model .

4. Process modeling in MatLab.

5. Creation of a digital twin in Scada -system .

Practical work with the mill

Mathematical description
of the model

Purpose of the production

facility

The ore, being on a belt conveyor,

Technological process as an object of automation

enters the wet self-grinding mill. On

the

controller .

conveyor
characteristics are measured, the motor
speed 1s adjusted using the frequency

motor,

1ts

Signals for control and management
Parameter name Mez.lsu.ring Indication Registratio Regulation Signaling
limit n

320,000

M f ' ’ + + + -
ass of ore (consumption) ke / h

: 12 /
water consumption) Ohm3 - + + -
pulp level Sm - + +
Change nom. conveyor current | 1000 m A A - -
Change nom. classifier current 1000 mA + + < +
Water valve control % + + + -
Pipeline pressure 10 kPa + + - -

load Technological control and management 1s provided: - from an

workstation.

automated workstation (AWS) of the operator , consisting of a
technological control workstation (automated and remote mode) ; — from
the control cabinet (local mode).

The operator level of complex control 1s performed using the Trace
Mode SCADA system with information output to the operator's

The system operates 1n three modes: — automated; - remote; - local.

Input parameters: - supply of ore to the mill, QP , t/h;

- water consumption in the mill, QB , m3/h;

Output parameters: - pulp output, Qp , m3/h; - filling

level of the mill, L , m; - rated current of the classifier
motor, EY , mA;

Disturbing parameters: - physical properties of the
ore (strength, hardness, splitting, etc.) G , %; - processes
associated with wear, plugging and aging of equipment,

F(t), %.

Control parameters: - ore consumption in the mill,
QP , t/h; - water consumption in the mill, QB , m3/h.

The transfer function of the mill
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0.000152+0.01s

along the channel "productivity - the
output of solids 1in unloading ":

PI Controller

Koneeitep
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The transfer function of the

0.02
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mill for the channel "productivity
- the output of large classes 1n
unloading ":

PI Controller

Konseitep

_ AG i xp (P) _ kz
VP = o) Lp+l

Development of a graphical interface
for the operator-technologist of the
mill control

PLC programming 1s carried out in an integrated
information system for industrial production
control using RSLogix 5000

1 +
5+1

[OaTunK aKT.MOWHOCTH

Quest Channel

Development of a graphical interface for the
operator-technologist of the mill control

Graph of transient processes of
cascade ACS

HHTCTpal

Py I

Mill operating parameters:
W (water) : T (ore) 0.3-0.4to
1

Water in mill 70—-120
m3/h

Performance up to 320

t/h
Drum rotation speed, critical | 16 rpm
Motor power 2500 kW
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Quest Channel

are accepted:
Kp=0.1; Ki=0.07.
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HayuHas anekTpoHHas 6ubnunoreka
Aucceptaumin u astopedepartos

HayuyHas anekTpoHHas 6ubnunoTteka auccepTaumii u aBTopedepaTos
disserCat — 3T0 caMmblit KPYMHbIW KaTanor Hay4HbiX paboT B
POCCUMICKOM UHTEpHeTe. 3a Bonee YeM AecATUNETHIOW UCTOPUIO
npoeKTa Nosb30BaTeNu Hawen GUbAnoTekn 0CTaBUAN OrpoOMHOE

konnyectso OT3bIBOB O Hallen pabore.

Haw dorp coctaBnget 6onee 740 TbiCSY HAy4HO-
uccnenoBaTenbckux pabot — cbiwe 440 Thicay guccepTaumii (386
ThICAY KaHAMAATCKUX U 54 Tbicsaum JOKTOpCKMX paboT) n 300 Tbicay
aBTOpedepaToB, YTO OTPAXKAET BCIO COBPEMEHHYO HayKy PO u ee
passutue. [1ns 60NbLIMHCTBA AMCCEPTALMOHHbIX UCCNEA0BaHUI B
KayecTBe 03HaKOM/IEHUS LLOCTYMHbI OrNaB/ieHME, BBEAEHUE U
CMUCOK nuTepatypbl. Bce aBTopedepatbl guccepTaumii MOXXHO
ckavaTtb 6ecnnatHo. Ana 6onee rnyboKoro nsyvyeHuns Hay4yHom
CTaTbM €CTb BO3MOXHOCTb 3aKa3aTb [OCTaBKY TOFO UM UHOMO
Hay4YHOro TekcTa 1 ckayatb ero B popmate PDF n Microsoft Word
(.doc), T.0. MOXXHO M36aBUTbLCA OT HeobxoanMocTH noesaku B PIB.

Karanor aucceprauui u asTopedepatos no
cneumanbHoctam BAK PO

Channel "Outrage”

Development of a graphical interface for the
operator-technologist of the mill control

The values of the PI controller settings for this object

The development of a digital twin of the grinding complex of the processing plant is

TRACE MODE .

Pl controller settings Transitipn QLS
----------------------------------------------------------- B pr R R S SAR Indicators
a Kp K i Azad. | A max. tp
“ By order 0.1 0.07 1200 1440 24
Inner contour
By outrage 0.1 0.07 0.39 22
777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 Outer loop By order 1.2 0.015 0.5 0.57 121
The implementation of the project will allow :
1. Reduce the technological disturbance of diamond crystals;
. Increase productivity by commodity class in the grinding process;

2
3. Reduce energy costs per ton of processed raw materials;
4

. To improve the quality of the mill and the reliability of its functioning .

3arpyska

E 2.

carried out in the integrated information system for managing industrial production

Pasrpyzka

EE22




