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Abstract : The general structure of expert system for controlling sintering process has been proposed. It in-

cludes knowledge base , inference engine , data acquisition system , learning system, knowledge base manage-

ment syste m , explanation system and so on. The control functions consist of sintering che mical composition

control centered on basicity and sintering process state control centered on permeability . The adaptive predic-

tion of sintering che mical composition, the control strategy centered on basicity , the control strategy centered

on permeability , the judge ment of permeability and the prediction of burn through point were studied. The

soft ware of system , which includes about 1 000 expert rules , was successfully applied in off-line control of sin-

tering process in a sintering plant .
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1 INTRODUCTION

For a long time, the sintering process has
been controlled mainly depending on operators’
experience. The control of sintering process is
based on real-time production data, i.e. raw
materials parameters, operation parameters, e-
quipment parameters, state parameters and in-
dex parameters. Some of these parameters are
acquired by omline test, others are acquired by
che mical analysis. Because of the time-lag and
fluctuation of data acquisition, and the difference
of operators’ operation knowledge , decision abil-
ity, responsibility and so on, manual operation
inevitably results in the fluctuation of operation
control, and then the production is influenced.
Especially, with the development of large-scale
sinter equipment , this influence is greater. The
sintering mathe matical models can only be used
to predict some of the process parameters and
control a part of the sintering process because of
the complicated mechanism and the related influ-
[1=41 1t is difficult to control the

whole sintering process, but expert system de-

ence factors

veloped rapidly starts a new way for the control
of sintering process .

Expert system is first applied in a sintering
plant of Japan at the beginning of 1980" s. At
present , it is used extensively abroad. In Japan,
the Chiba plant of Kawasaki Steel Corp devel-
oped the operation guide system ( 0GS)*1 which
includes sintering energy control system , feeder
gate control system and chemical composition
control system ; its application reduced the breeze
consumption, and steadied the operation. Also
in Japan, the Kawasaki Steel Corp developed a
diagnosis expert system which contains BTP
(Burn Through Point) control, equipment pro-
tection and quality and quantity control and in-
cludes 500 rules; the application of this system
reduced the fluctuation of BTP and stabilized the
sinter quantity . Moreover, the Nippon Steel
Corp in Japan developed a sintering expert sys-
tem, and the Newcastle and Port Ke mbla sinter-
ing plant in Australia built an expert system on
the basis of the development tools SHERPA and
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2 GENERAL STRUCTURE OF SYSTEMS

Knowledge base and inference engine are
the principal components of expert System[7].
Production data are the base ment of the control
of sintering process , so the data acquisition sys-
tem has special function in the syste m . Besides,
a perfect expert system should include man- ma-
chine interface system , learning system , knowl
edge base manage ment system and explanation
System[g]. The general structure of system is
shown as Fig. 1.

Fig.1 General structure of system
Solid line —Infor mation stream ;
Dotted line —Control stream

The general control mode is an interface
control system. Users can manage the process
control system, knowledge manage ment system
and system help by selecting menus . The process
control system is the main mode of system, it
manages every sub-system through the control
organization and exchanges information among
the sub-systems with a blackboard. The data ac-

quisition syste m acquires appropriate information
from the blackboard according to the orders sent
out by control organization and provides appro-
priate data acquisition platform. The data ac
quired are transferred to the blackboard. The
prediction system of chemical composition ac-
quires production data when the control organi-
zation starts . On the basis of present production
data the system modifies the models’ parameters
to suit the change of sintering process, and pre-
dicts the contents of sinter che mical composition
in the future by the modified predictive models .
The predictive informations are transferred to
the blackboard. The control syste ms of che mical
composition and process state choose the suitable
knowledge base and save the knowledge in the
blackboard when the control organization starts .
According to the production data and knowledge
acquired from the blackboard, control system
chooses the suitable inference engine , judges the
production states, analyzes the reasons, and
gives the qualitative and quantitative control
guidance. In the inferring process, the medium
information and inferred results are transferred
to the blackboard and the learning system and
explanation syste m are loaded . The learning sys-
tem adds or modifies the knowledge of knowl-
edge base based on the information of blackboard
when the conclusion can not be inferred or the
inferring conclusions are wrong in the inferring
process of the control system for che mical com-
position or for process state. The explanation
system explains the inferring process of control
system of chemical composition or the process
state in order to raise the system’s transparence .
The knowledge management system gives the
tool for building, editing and modifying the
knowledge base , which accelerate the develop-
ment of expert system for controlling sintering
process .

3 CONTROL FUNCTION OF SYSTEMS

3.1 Sintering chemical composition control
centered on basicity

3.1.1 Adaptive prediction of sinter che mical

composition

Sintering process is a dynamic and compli-
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cated system . The theoretical model for control-
ling sintering che mical composition is complex
and difficult to calculate , so it is unfit for omline
control . Therefore , according to modern control
theory, when observing and analyzing problem,
the complex interior theory is put aside , and the
sintering process is considered as a “ grey box”
system. On the basis of a number of time-
changeable production data acquired, the time
series models are built, in which the method of
system identification is used. The process dy-
namic characteristics must be displayed by its
changeable data, so the model parameters are ad-
justed based on these data to fit the system time-
change. The adaptive predictive models are es-
tablished, and used to predict sintering che mical
compositions ( TFe, SiO,, CaO, MgO, and
Fe O) and the basicity ( R) , quantitatively .
3.1.2
It is ideal that all che mical compositions re-

Control strategy centered on basicity

alize optimal conditions simultaneously , but it is
almost impossible to optimize every chemical
composition at the same time because of the high
relativity and random variation of che mical com-
positions . So there must be focal point to control
the che mical compositions .

At present, most blast furnace burden
structure is high-basicity major sinter and a few
acid pellet or coarse ore . The optimal basicity or
optimal basicity scale of sinter and pellet are de-
termined by experiment . The proportions of sin-
ter and pellet are decided by the de mands of blast
furnace slag basicity, equipment capacity and
raw materials supply . So the undulation of sinter
R affects the normal production of blast furnace
irresistibly , and the fluctuation of R influences
the pelletization for satisfying the demands of
blast furnace slag basicity . Relatively, the Fe
contents of blast furnace burden are not so strict
as R, and it can be regulated by coke loading .
As a result, the control strategy of sinter che mi-
cal composition centered on R is proposed for
steadying the blast furnace production .

The control strategy centered on R is that
sinter R is controlled prior to others such as sin-
ter che mical compositions, which implies, that
when sinter R satisfies production de mands, and
sinter che mical compositions are not contented

other measures except controlling R can not be
taken ; and that when sinter R is not contented ,
even if chemical compositions are satisfactory,
the measure of controlling R must be taken .
3.1.3 Control centered on basicity

For the sake of realizing the control strategy
centered on R, avoiding the great fluctuation of
production , and reducing the influence of predic-
tion error, the sinter che mical compositions are
controlled in accordance with the R real state
and its change tendency which is decided by the
past, now and future value of R.

3 .2 Sintering process state control centered on
per meability
Control strategy centered on per meabili-
ty
Sintering process state mainly includes ther
mal state ( commonly described by BTP) and

3.2.1

permeability state . The bed permeability deter-
mines whether the process can go with a swing,
and has a hold on the sinter yield and quality .
The stand or fall of permeability during sintering
affects the stability of BTP. It will be brought
forward if the permeability stand, on the con-
trary , it will be lagged behind . So only with the
stabilization and improve ment of bed permeabili-
ty, we can stabilize¢ BTP and sintering process .
The control strategy centered on permeability
means giving priority to permeability . When the
value of this variable is satisfactory, we can sta-
bilize controlling BTP, and when it is abnormal ,
we have to improve permeability and consider
making BTP steady .
3.2.2 Judgement of permeability

There are a number of variables to reflect
permeability, such as blast volume through sin-
tering bed ( Q) , vertical sintering speed ( V) ,
burn through point (BTP) , waste gas te mpera-
ture () and main negative pressure (Ap) . Q
and t are not suitable for they are easy to be dis-
turbed by other factors, like leakage rate , season
change , coke level and so on; and BTP is a time
delay variable . So the permeability is judged ac-
cording to the experience of sintering production
by the variables of V,, Ap and the predictive
value of BTP .
3.2.3 Prediction of burn through point
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On the basis of sintering production experi
ence , BTP is predicted by normal inflexion point
of waste gas te mperature curve and real BTP val-
ue . Forexample, in No .3 sintering plant of An-
shan Iron & Steel Co., the normal inflexion
point is situated in the 197 blast box, and its
te mperature ( t;¢) is about 190 C. The matrix
of a quadratic form based on BTP and ¢4 to pre-
dict BTP was adopted ( Table 1) .

Table 1 Matrix of a quadratic form
for predicting BTP
BTP
BTP’
-2 -1 0 +1 +2
-2 0 +1 +1 +2 42
-1 -1 0 +1 +1 +2
to 0 -1 -1 0 +1 +1
+1 -2 -1 -1 0 +1
+2 -2 -2 -1 -1 0

4 APPLICATION OF SYSTEM

The system which contains nearly 1 000 ex-
pert rules in its knowledge base has been em-
ployed to the off-line control of sintering process
of No.3 sintering plant of Anshan Iron & Steel
Co.. The accuracy of its control and guidance is
over 80 percent . It successfully steadies sintering
chemical composition and makes the qualified
sinter and one-grade sinter increased by 1 per
cent and 3 percent, respectively. It controls
BTP, improves bed permeability, stabilizes sin-
tering process and realizes optimum process con
trol. The steady rate of BTP and sintering pro-
cess are raised by 7 percent and 4 percent. The
sinter quantity is increased by 1 percent and sin-
tering consumption is decreased by 1 percent .

5 CONCLUSIONS

(1) The control strategies of the sintering
che mical composition control centered on basicity
and the process state control centered on perme-
ability overcome the difficulty for accurate con-
trolling sintering process, and the predictions of
sintering che mical compositions and sintering
burn through point offer the solutions to long
time delays .

(2) The software of expert system for con
trolling sintering process, which includes about
1 000 expert rules, has been successfully applied
to the off-line control of sintering process in a
sintering plant .
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