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ABSTRACT

This work presents the mathematic models of the basic processes from an iron
ore processing plant. Based on the mathematic models, using the Matlab/Simulink
platform, are achieved the block diagrams for calculation of the parameters from the
sintering process.

For the last two phases of the agglomerate’s manufacturing process are
presented the diagrams of some expert systems based on Fuzzy logic, by means of
which is achieved the management of these processes.

These expert systems based on Fuzzy logic allow the automatic management
optimization of non-linear processes of agglomerating charge elaboration.

1. INTRODUCTION

Restructuring of steel industry is strongly influenced by the
modernization of manufacturing processes from the sintering plants.

Sintering, as phisycal-chemical process of iron ores preparation and
obtaining of a controled situation, is of maximum importance because the
resulted agglomerate allows the obtaining of quality cast-irons as they are
required currently on the market. The current technology of cast-iron
making imposes more and more rigorous conditions to the quality of the
charge, that should allow the optimization of the entire process, increasing
the productivity and reducing the coke consumption.

In this respect, the major cast-iron producing countries use iron ores
which are previously prepared as agglomerate, ment to ensure the
achievement of some charges with high iron content and homogeneous
from chemical and granulometric viewpoint.

From the processes with special influnece on preparation, in this work
are analyzed: dosing, sintering and cooling (fig.1).

Dosing flow includes the quantitative dosing of the charge
components, their pre-homogenization into the primary mixing drum
(TAP) and the conveying flow of the mixture/blend from the dosing station
into the main body to the charge bunker of the sintering machine.

Sintering flow includes the following steps: mixing/blending,
humectation and forming of micro-pellets in the secondary mixing drum
(TAS); loading the mixture on the sintering machine’s carriers; burnig-up
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the charge; sintering of the mixture/blend; sizing of the agglomerate and
recirculation of the return.

Cooling flow includes the following steps: cooling of the agglomerate
after the hot screening; conveying in cold condition to the screening
station; conveying to the furnaces silos and to the agglomerate’s
shippment station.
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FIG.1. TECHNOLOGICAL DIAGRAM OF THE SINTERING PROCESS

2. MODELING OF DOSING SUB-PROCESS

The mathematic model of the dosing sub-process is described by the
following equations:

M=S. 1 (1)
{Zm Is; = k; +cO-Ce-(IsCe—kCe)—i—ro-(Isr—kr)}
I+cy+r1y+ (k. —1s,)
{Zm Is; — k; +cO-Ce-(IsCe—kCe)+r0~(Isr—kr)}
K=S§- (ky =15, ) (2)
{Zm Is; —k +co-Ce-(IsCe—kCe)+r0-(Isr—kr)}
I+cy+1)+
v (kk_ISk)
R=S. To (3)
{Zm Is, - k,) +c0~Ce-(IsCe—kCe)+r0~(Isr—kr)}
l+r1y+cy+ (kk—Isk)
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c=s. n ! (4)
{z m, -(Isi —ki)+ c, -Ce ~(IsCc —kCC)+ I, -(Isr —kr)}

1471, +cy +0 . —15,)
k k

In the above equations intervene the following measures: M - iron
ore flow ; K - limestone flow ; R - return flow ; C - coke flow ; S - charge
flow ; I - basicity index ; s;, ki — lime and silica from the iron ores ; sk, kg
- lime and silica from the limestone ; sce , kce — lime and silica from the
coke ashes; s , ki - lime and silica from the return; ro - return
participation against the total iron ore ; ¢o — coke participation against the
total iron ore

This mathematic model allows the calculation of the material flows
from the charge, either at variation of their chemical composition, or at
variation of reference values S, I, ro, Co.

The S value varies as result of the machine’s speed adjusting
transitory regime, and the values rp and ¢y are established by independent
criteria, such as : balancing of the fine-grained circulation - respectively
to ensure the optimal compromise between the agglomerate’s production
on one hand and the specific coke consumption on the other hand -
between the agglomerate’s reducibility and strength.

The reference value I is constant, depending on the installation’s
needs, and the chemical and mineralogic compositions of the iron ore,
limestone, coke and return are introduced either manually (lab analysis),
or automatic (spectral in-flow continuous analysis in the bunkers, to the
dozers or on the belt conveyors).

Further it's been achieved the block diagram for calculation of the
material flows that comes into the sintering charge componency (fig.2)
using the Simulink program from the Matlab environment.

From the figure we can note that the time-variable input measures for
the calculation of the material flows from the charge are: charge flow S,
which is modifying following the modification of the sintering machine’s
speed, and the return’s lime and silica which are modifying because they
depend on the flows of iron ore, limestone, coke, return and on the charge
flow.

The rest of input measures are parameters with constant values
which are prescribed or determined by chemical analysis of the sintering
charge components.

~M->m;-s5,+C-Ce-s., +K-s,
' S-R

(5)

S

1 (6)

and M(m’/h) = (S, s, k/); K(m’/h) = f(S, s, ki); C(m°/h) = (S, s, ki);
R(mB/h) = f(S, sr, kr) (7)
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Further will be calculated the iron ore flow, limestone flow, coke flow
and the return flow considering that in the agglomerate’s manufacturing
recipe enter four types of iron ore: autochtonous iron ore (iron ore 1),
Krivoi-Rog iron ore (iron ore 2), Brasilian iron ore (iron ore 3) and scale
(iron ore 4), each with its own chemical composition, i.e. with different
lime and silica.

A '
Rrodich @j Fa
B

Feil

Hulle
o - . X ! 5
i = D = o Podce I
Pt ()
m a
D
o

=

e
Foid

gi

T
z
&

b

B
Z

&)

Prodict

o
0
A

P ||
:
3 N For
podctn  © ]
T Prodict? Prodvcti2 .
1
- : ]
MR Fois R
2 Pt Predett3 - et
m2 .
® A . -
= H
5] Pratctlt =y 3 Podwts
x
@] &)

g

E
£
g
g

FIG.2. BLOCK DIAGRAM FOR CALCULATION
OF THE MATERIAL FLOWS FROM THE CHARGE

3. MODELING OF THE SINTERING SUB-PROCESS

The mathematic model of the sintering sub-process is described by the
following equations:

L,
mopt — Vin T -7 (8)
L, +05-p - 2 _n
n-1 ’ [«
T, 2T, .+ T,

AC =1,25.Ac-M (9)
Ac=(a-b-r,)-(@a-b-r) (10)
S =K-V, o -H, -B (11)

In the above equations intervene the following measures : v, - the
sintering machine’s prescribed speed; Hs - height of the layer; k -
proportionality factor; B - sintering machine’s width; T, Tn-1,Th2 -

temperatures in the last three suction chambers; r:% - proportion of the
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return against the total iron ore; rozRM““P - proportion of the fine-grained

produced against the total iron ore; a, b - constants which are determined
statistically for each installation in part.

Further have been achieved the block diagrams for calculation of the
sintering machine’s optimal speed and the variation of the coke content
from the charge (fig.3 and fig.4) using the Simulink program from the
Matlab environment.

For the calculation of the sintering machine’s optimal speed, the time-
variable input measures are the temperatures measured by the three
thermocouples mounted in the last three suction chambers on the
sintering machine, because the vertical burning of the sintering layer
depends on a multitude of factors which are changing in time and along
the sintering line.

The rest of the measures on which depends the machine’s optimal
speed are either presribed measures (vm), or technological construction
measures of the sintering machine (Ln-1, pe, Lu).

Vmopt :f[Tn—25Tn—l5Tn] (12)
T, Tty
Tn-2 F Y .
(2 — 4,{ : ] -
Tn-1
Zain
=l
Tn
:9
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FIG.3 BLOC DIAGRAM FOR CALCULATION
OF THE SINTERING LINE'S OPTIMAL SPEED
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Balancing of the fine-grained (return) circulation is a basic condition
for ensuring of a stationary regime as stable as possible and consists of
the following relation:

Rmp = Ropt (13)
Ropt =0 - M (14)

The calculation relation of the charge’s carbon content for balancing
of the fine-grained circulation is:

AC =1,25-Ac-M (15)

AC = f[R, Ry, M) (16)

4. FUZZY MODELS FOR PROCESS MANAGEMENT

A decision problem can not be always formulated in classic
mathematic language right from the start. The most often, in expressing
of such problems, there are interferences between the natural language
and an artificial language. Using the simplifying terminology of the
mathematic programming, not all the restrictions and objectives of a
given problem can be precisely expressed. The Fuzzy sets theory brings
an advantage in this direction, allowing a formalization of imprecision, by
means of a non-adequate treating of linguistic variables. A linguistic
variable is different from a numerical variable by the fact that its values
are not numerical, but words or propositions in a natural or artificial
language. A linguistic variable is not obligatory a fuzzy variable, but, often
times, is a variable that takes fuzzy variables (sets) as values.

The expert systems become useful and efficient not only for solving of
some high complexity problems, but also for simpler management
problems (decisional), that contain a high grade of uncertainty. Such
expert systems can be implemented on conventional computers. The
expert system represents a calculation algorithm that solves a certain
type of problems by modelling of human expert judgements. The expert
system ensures consulting facilities for the users, being an interactive
system between the user and the knowledge base. In order to be able to
design an expert system, it should exist a human expert who can solve
the problem. Nowadays, the iron ores sintering process and the
agglomerate’s cooling process are conducted through analogic adjustment
loops without taking into account a serial of factors that influence these
processes, such as:

e Technical endowment with modern sensors and transducers;

e Technical endowment with modern processing equipment

(microcontrollers, PLC, industrial micro-computers);

e Conceiving of a hierarchical automation strategy;
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e Completion of the automation strategy with an expert system

and/or in fuzzy logic.

Improving of the current situation can be achieved by using of expert
systems. Their need is imposed by the fact that the processes can not be
modelled mathematically with precision and a lot of parameters (charge
humidity, materials’ physical-chemical properties, sintering vertical speed,
cooling speed, agglomerate’s temperature on the cooling belt) are
changing in

time in a way that can not be previously acknowledged.

There are proposed two expert systems based on Fuzzy logic: one for
the process management on the sintering machine and the other for
process management on the agglomerate’s cooling machine (fig.5 and
fig.6).

5. THE GENERAL MODEL OF THE SINTERING FLOW

The general mathematic model consists of the following general
equations:

M-S, n ! (17)
[Zmi -(Isi —ki)+co -Ce-(IsCC —kCe)+ I, ~(Isr —kr)}

14cy+1y)+ 5 (k. ~1s,)
k k

|:Zn:mi '(Isi _ki)+co 'Ce'(ISCe _kc@)"'ro '(Isr _kr):|
i1

K<S. : (k, -1s,) (18)
{Z:mi ~(Isi —ki)+c0 -Ce-(IsCC —ch)+ I, ~(Isr —kr)}

ot
(k, - Isk)

l+cy+1, +

R=S- . al (19)
[zmi-asi-ki>+c0.ce.<1sc€-kCe>+r0-<Isr-kr)}

141y +co+ 50 (k, ~1s,)
k k

C=s- . % (20)
{zmi-(1si-ki>+co-ce-<1sc€-k&)ﬂo-(lsr-k,)}
I+, +c, + =l (k —Is)
k k
L
Vm&)pt:Vm' s T _T (21)
Lot 03P or i,
n-2 n-1 n
S=k-V,o H,-B (22)
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s _ M->m,-s,+C-Ce-sq +K-s,

' S-R
k,=s,-1
Rmp :Ropt

c=c,-b-(,-r) and the necessary correction: ac=-b-(r, -r)

AC =1,25-Ac-M

Bazade reguli 1
Expert
| urman Bazade reguli2 |
Traductor teraperaturd
Camera 11

Traductor depresinne Traductor teraperaturd
Carnera 20 Conductd colectoare

h

Traductor  depresiune Sistern de calrul
Camera 21 PantaD=d"_d”
dyy—dy,
Traductor depresinne
Camera 22
Traductor  ternperaturd
Cammera 20

—

Ivlecarismm de inferentd
Fuzzy Controller 2

‘ Traductor temperaturd > Interfad

S T3

‘ Traductor  ternperaturd

Corectie

Ivlecaristn de inferentd | Interfatd
Fuzzy Controller 1 Lt

&

vitezd bandd

Corectie
witezd bandd -+

FIG.5. EXPERT SYSTEM FOR CORRECTION
OF THE SINTERING BELT’S SPEED BASED ON FUZZY LOGIC

(23)

(24)

(25)

(26)

(27)

(28)

225



ANNALS OF THE FACULTY OF ENGINEERING HUNEDOARA - 2005

TOME III. Fascicole 3

226

C, = C+AC

Expert
urnan

h 4

Baza de reguli

—bl Traductor terperaturd 1

—"| Traductor tergeratmd 2 |——f

inderent
Cont

Ivlecarismm de
4 Fuzzy
roller

—>| Traductor tergperaturd 3 |—

b

Interfatd
utilizator

H

\_‘L

Corectie vitezd
bandd

Diehit aer
insnflat

FIG.6. EXPERT SYSTEM FOR THE COOLING PROCESS MANAGEMENT
BASED ON FUZZY LOGIC

h

Sistemn autormat
pornirefoprre
wentilator rezervi

Intrarea Fo, [ra®ih]
3 3
Intrarea 5 [m ﬂi - \ Intrarea B [rn”fh] T Lesirea AC
Intrdrile s,k | popoo o | 1ofima Mol | Intravea I [ Ih:; :
paratn etrii = ) v pararnetrii
—
5
Intrarea S [ro’/k] Intrarea M B il
- > legirea K [mrk
Intrérile s ke | Felatia 12 g 1 bt Intrarea I [’k
parametrii > o
I 5 Iegirile & , ke
ntrarea B i .l'hl_ Eelatia -
Intrarea S [m3h)] i IS
.
L. lal Tegirea . [ra’fk] Intrarea C [ fh] 24
Intrdvile s, ke |  Relatia 19 ¥ L ;I;_ e l
Faramein L~ Intrarea S [ra*ik]
Intrarea & [m3¥h] parametrii
4 . 3 —
Intririle 5, ke Flelatia 20 Iegirea O [rofh]
parametrii
1
Intrarile Toa, Tn—%,- Ta Felatia 21 Iegirea Vm—nPTh
pararnetril N Last
Intra.teavmor,h ] Losi 2 Fufih
— Relatia 22 egirea S [m/hl]
parametrl N
R

(29)

FIG.7. BLOCK DIAGRAM OF THE SINTERING FLOW’S GENERAL MATHEMATIC MODEL
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6. EXPERIMENTAL RESULTS

For the process management on the cooling machine is used a Fuzzy
regulator which makes the speed correction of the cooling belt and
start/stop of the spare ventilator by opening of the damper plate
depending on the parameters read along the cooling belt. Out of the 4
temperature thermocouples mounted over the cooling belt and used for
the process management with PLC, for the fuzzy management will be used
the first 2 from the beginning of the cooling belt and the last one mounted
towards the belt’s end.

The designed Fuzzy regulator has as input measurs: temperature T;
measured by thermocouple 1fl1, temperature T, measured by
thermocouple 1f2, temperature T3 measured by thermocouple f4 (see
fig.6) and as output measures: speed correction of the cooling belt and
the air flow blown by the ventilators. In fig. 8 is presented the block
diagram of the Fuzzy regulator that was designed using the Fuzzy set
from the Matlab environment and in fig. 9 is presented the rules basis of
this Fuzzy regulator.

At this regulator, the implication is of Mamdani type, the rules
aggregation is made with the max-min connectives, and de-fuzification is
made by gravity center method.
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FIG.8. BLOCK DIAGRAM OF THE FUZZY REGULATOR

In fig. 10 is presented one of the adjusting surfaces obtained
following the simulation of the designed Fuzzy regulator’s operation.
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FIG.9. RULES BASIS OF THE FUZZY REGULATOR
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FIG.10 ADJUSTING SURFACE FOR THE AIR FLOW BLOWN AT T3=50°C

7. CONCLUSIONS

In the last period are used more and more expert systems, which are
capable to simulate the judgements and the behavior of a human expert.
Researches upon the behavior of the “human expert” have emphasized
the fact that specific to him is a strongly non-linear behavior,
accompanied by anticipation, delay, integration and prediction effects and
even adapting to the concrete operation conditions. Specification of the
linguistic characterization for process’ undergoing, as well as the
experience-based interpretation of the process from the cooling machine,
represents “the parameters” by which the regulator’s properties can be
modified.

As consequence, the designed fuzzy algorithm has lead to a non-
linear regulator which, taking into account a great number of variables for
the adjusted parameter, will obtain a presision clearly superior to the
current situation.

BIBLIOGRAPHY

[1.] DINIS, C. - Doctorate Thesis, Researches concerning the modeling and
management of the processes from the sintering plants, University from
Petrosani, Faculty of Mechanical and Electrical Engineering, 2004.

[2.] PRECUP, RADU E., PREITL, S. - Fuzzy Controllers, Ed. Orizonturi Universitare,
Timigoara, 1999.

[3.] VOLOSENCU, C. - Fuzzy and neuronal adjustment, Ed. Eurobit, Timisoara, 1997.

228



	UNIVERSITY POLITEHNICA TIMISOARA
	FACULTY OF ENGINEERING HUNEDOARA
	ABSTRACT
	
	
	FIG.5. EXPERT SYSTEM FOR CORRECTION
	OF THE SINTERING BELT’S SPEED BASED ON FUZZY LOGI
	FIG.6. EXPERT SYSTEM FOR THE COOLING PROCESS MANAGEMENT
	BASED ON FUZZY LOGIC
	FIG.9. RULES BASIS OF THE FUZZY REGULATOR


	BIBLIOGRAPHY



