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<Software RTAF3}>

- Operating system : Windows NT

- Control Software : API application(FIX32%
9} DCS Application software)

- API communication driver
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Implementation of Model Predictive Control 2

<Hardware Q.7A}g>

- DCS

- DCS Network device

- Mill Optimizer supervisory receivers

- DCS¢ 942 7153 AA4] Field Instruments
- 71&A "] PLCY Aol 94 g5
DCSZ upgradedtedor g

2.3 Package and Customization

Mill Optimizer M)A~ 8 Package: 7|23

o2 o} 9 softwareES X s}

» Mill Optimizer application software

* Mill Optimizer training simulator software

» Mill Optimizer user manuals

* API software with communication drivers

« Mill Optimizer computer with all software
loded and tested

2.4 Control Methodology(Control tHH =)

Mill Optimizer controllers t2-2] modules
2 o]Fojn}

SCADA Interface

Output
Process
5;;2:) Alarms Aororal Condition
norma Inference
Set
points
Model Soft sensor
Predictive (Quality
Controlier Feedback Estimator)

<Process Condition Inference Module(PCI)>

PCI module @ #sad(dE5E54, 9=
o B FERHE T wsho #75%01] 3

e FE LS T o FHYEF 7leAE0]
gy AMSE FEFAES X gojA W
£2 ¥t} MPC moduleo] RYt WEA ZES
ZA8te] gy ed 9& I}k = PCI
moduledl A W& data® E)2 THE o] Abo)
ZE9°] MPC %+ expert systemS 353t

<Model Predictive Control Module(MPC)>

PCI modulelX WA ElE ‘normal’'Z® Z2A
dH, MPCx ot AlojAlelES 3471
MPC module2 £33 MVset #HE CVs
o] F3 t¥S model€ AH8-8te] campaign 7]
 F £ SWUE dataE EUE ALHoIH
th T4 AA 2HFdEE AWE) 9% A%
& Model2 Z+zte]l 2AUYE %14%‘@'«1 3

{,h} FE3 & =d dAoz HoroArt
MPC ¢idFS 4% Aojgoz *}%Y‘s}b

€ model 2o 715d BEAE }%Uh:}
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E3 9 on-line’doll A A4S ?‘.D}
<Expert System for Abnormality>

PCI moduleol 4] &% ElE ‘abnormal’& 2
e, alarme] A3, expert system® T
S AloAtolE g Yot expert system
MPCell i3l A¥t9] Processor moduleo]th. o]
module®] 715 H]AXA process HHIE #AlSH
I, Ao Hdd we FIEFE A
process modeld] 2l8] A3 7]&& A= <t
£t} On-line expert system< £3199 A4
A YL 7|BoE 3 73S /X3 Yk

<Softsensor>

On-line Z4& 3 A 234 T 2
e T8 Aol WFrt Ak ojF w9k A
£o] AUL(Blaine £+ residue)s WA 7%
Z 83l Softsensort process datag MPCH
A Aol AAE 9% feedback o 24 AFES] A
DS Hristr] fja ARE-sich
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Clinker Gypsum
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Cement mill circuitel ¥ Mill Optimizere]
AFAA Ao} FAEE 99 agd 2o

2.5 Mill Optimizer Performance(Mill
Optimizer %)

Mill Optimizere ¢1=2 2 7o & AWEZ
EoA Raw mill ¥ o}a}t Cement Millol
ME ARG Folth T A9 AWE milld} F A
¢} Raw mill®} 43 A= ofee} 2}

<Case 1 : Finish Grinding>

- SUE 93 B
SWE &% : 1,200,000 TPA clinker
- &% AF . PPC
- Mill €% : 7§12 110 tph 2 mill
= Circuit : 2&EE& £I7I9 closed circuit
2-chamber tube mill
- B7kE7) 0 1d

MV setpiownts‘are downlaaded 1o Level 1 controllen
"Excopt Biaine, all vanubles ate measured oline.

Tosiio

- Manipulated Varable
Conltrolled / Monitored Variable

performance summary mill 1 mill 2
% control F¥ A4HK(tph) 106.00 114.00
Mill Optimizer 3T 43 (tph) 115.00 125.00
4% control T SEC(kWh/ton) 3420 3415
Mill Optimizer ¥ SEC(kWh/ton){ 31.90 31.80

% g4 (tph)
SEC(kWh/ton) 74

9.00(8.5%) | 11.00(9.6%)
2.30(6.7%6) | 2.35(6.9%)

Al AeF wE(USD/) 104700 | 116,300
Mill Optimizer 718 34k 53,460 65,340
Basic & assumptions:
& Yx HE : USD 0.06 / kWh
& Mill 7H5AIZF @ 6,600hr/d
& Mill Optimizer 7}F& A3t : 90%

o] daje ¥ o Foke HEANRS Fow
ARS Aotk /12 Milld) £4E Ue B=
GA st £ o]jelg A Blainede W

sFe #FaAFh

<Case 2 : Raw Grinding>
- ZHE 93] : TP

- ZdE &% : 2 plants, Z 1,200,000 TPA

clinker
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Performance Graphs
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- €% Al¥ : PPC and OPC 3. Kiln Optimizer
- mill &% : 7§33 275 tph, 2 mills
- circuit : 18 & 232719} closed circuit 3.1 7L
2-chamber tube mill
- |77 3 Y Kiln Optimizer= #gA|oje} AHE rotary
- Y]y kilns®] A3 i3 WH A Ao| package©]
o B3] 8% F} t} AHAEZHEY rotary kilnolA clinkerd}}
* Specific Energy Consumption®] 6.75%7 2 € 342 v Agog AF ALsl= 3R
* Consistency in output quality : F4=FH A HF AAF 3 system
SD of +212u residue reduced by 12% S AF37] e Adxw B2 #8488 7}
+ Improved clinker quality : SD of free lime A vk 2 5Fo=2 F8F process B9
content reduced by 12% A-AA ZFA9 Ao B olg} AlAde] A
+ Mill AitsEz Roge :‘v’:’ﬂiiﬂr A HH Rdo]l A olFolx o, &Y
(duolel 9} Amtete] s wx 2 controllerd| A &3] 4 A& 5 ¢l E@s
Mil Jamming =) control &7} of71€t}.
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Kiln Optimizer+= rotary kiln, pre-heater,
pre—calciner 223 coolerdl] w3t #a] A&
AE3He expert systemol| 712E F ZEd
fuzzy logics AMg3tcl. Expert systeme HE
H Ao} FFol UL pre-defined A& Eulz
3tal g3, ZHEE  Y3Hcontrole] A=}
model) ‘best practice’ 2 &2ld AL Ed|z 7}
Z}¢] applicationg F&Fo @A w50 Yt

Controller= clinker &2l FAE #7817
8 on-line AFse AN2g FHo nER
softsensorg& AvlFr}. olRAL FA oA
Control Loope] 4% F24& 885t FA
control & #Elste] AibFa} ojux) Lo 2
g AAFES o]Fo] Wi,

<EF A>

- State-of-the-art software

- Fuzzy logic® vl® o2 3+ expert system

- Clinker 2] FAI9} 4344 on-line F71&
23 softsensor Control hardware$] zhghsh
z3}

- WE MX 9} AleA 21dF tuning

- AFgAel 3123 88} process mimics
Operational Benefits(:&2°]9])

- AN

- A8 AME Ta

- Clinker @ 4

- Kiln ¢t 3}

- B 583 process @99 rjnnz]$ A

3.2 Configuration

<S/W LQFAEE>

- OS : Windows NT

- Control S/W : API interfaceE X Q3=
Windows . application

(% 872 Intellution FIX 32%)

- &2 APl F4 driver

<H/W dAFZAE>
- DCS
- DCS Network Device

- Kiln Optimizer supervisory receivers
- Control system3 94 71538 HA4] Field
A7

3.3 Package and Customization

<71¥-A 2] control system package>

- Kiln Optimiser $& S/W

- AHgA vl

- B2l driverg 712 API S/W

- BRE S/WE v 25 H2EHE A=A
Z ¢l control computer

- operator$} engineer® 9% EFolyd 213

3.4 Implementation Plan and Project
Modalities

Kiln Optimizer?] 8%} model& ¥+83 klin
&8l ‘best practice’ & T3 control FoF
< B3] g A= A A=HE AL
I Uk

AlHE klin®] A4 control 74L& o&
93 2

control & modelolA] AlzEhjje] RE
MVsE o€ control J1{F2.E #A4HEdo Zh2t
9] control 2H& 87H & HHE RS
slo]l 149l AE-8 A= control objective
9] unique set& 7FA3 gitl.

control objectives= THE objectived] <j3}f &
T control actiondtoll A 7Fedt FES A
71 93l 2" Qo) control Al=E J)F
Al EYAA o] AF}EL A 2HoMVsé
CVsAtele] #Ale Q& v wof He ¢
el 7125 T Ak

control WL heuristic? fuzzy logic 34
£ ¥33%t). Heuristic control objectivese 2
Haol n]AHAAAQA process FEIE ZAsE
board regulatory control& A|&3}7] $i8) A&
"t

Heuristic control> 57 ¢l processE 4
st plant &Aoo AMEEHE AR
actions A3t Y& rule setseEZ TAH

30,
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Control Methodology

9tk Fuzzy objectivesE finer controld
regulatory actions 93] AMEEC. 7)153FHe B
A ol&N9] schematicoll A% o] Y}

3.5 Kiln Optimizer Performance

Kiln Optimizer= 6 stages pre-calciner& 2zt

Inputs
(Targets)

£ rotary kilne.2 <¢x9 § Z AWE X
ol A AP} o] AXld dig A= o}

o A7Ee] ot

<case 1 ! Klin with Pre-calciner>

- Plant $17] : 4 9=

- Plant 8% : 2719 Plant (ZZ} 1.2M
TPA clinker)

Outpuits
(Setpolnis)

Process
imbalances
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Performance Graphs
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