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Synopsis :

In No.3 blast furnace of Mizushima Works, several functions applying Al (artificial
intelligence) techniques were realized, utilizing the thoroughly re-modernized plant
control system. The representative Al-applied functions are blast furnace operation
expert system, which diagnoses blast furnace condition and controls furnace heat, hot
stove heat control with the fuzzy theory, planning of material hopper arrangement
which is a planning type expert system, distribution control of granulated slag which is
a control type expert system in real-time, and feed speed control of material with the
fuzzy theory. These functions have greatly contributed to the achievement of highly

automated and efficient operation of the furnace.
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Synopsis:

In No. 3 blast furnace of Mizushima Works, several functions
applying Al (artificial intelligence) techniques were realized, wutiliz-
ing the thoroughly re-modernized plant control system. The rep-
resentative Al-applied functions are blast furnace operation expert
system, which diagnoses blast furnace condition and controls furnace
lieat, hot stove heat control with the fuzzy theory, planning of
material hopper arrangement which is a planning type expert sys-
tem, distribution control of granulated slag which is a control type
expert system in real-time, and feed speed cotrol of material with
the fuzzy theory. These functions have greatly contributed to the
achievement of highly automated and efficient operation of the fur-

nace.

Charging
equipment

Stock house
Gas cleaning
equipment

Furnace Slag
Furnace cooling  granutation
equipment equipment

)

Fig. 1 Schematic diagram of blast furnace
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1CS : Distributed Control System
PLC: Programmable Logic Controller
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Fig. 2 Configuration of the control system for No. 3 blast
furnace
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Fig. 3 Functions applied to No. 3 blast furnace with Al tech-
nique
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Fig. 4 Configuration of the knowledge base in the blast fur-
nace expert system

Table 1 Scale of the knowledge base

Number of | Number of

Name production | knowledge Execution
rules frames tmming
Knowledge hase Every Smin,
for the station- 508 50 15min, and 1 day

ary diagnosis (diflerent from

rule groups)

Knowledge base
for the non sta- 50 5
tionary diagnosis

Executed by
events

Knowledge hase
for the go-stop 37 1

Every 15 min
diagnosis

Best Action Rule Group

Individual Rule Group

Slip
Situation
Analysis Rule

v

Situation
Analysis

Slip Slip Action
» Phenomenon Determination BY
Recognition Rule Rule Action
* ¥ Rule
BT

Action

;IE:: Frame » Rule
Moisture
Action
Pressure Loss Pressure Loss Pressure Loss Rule
Situatien * Phenomenon Action Deter- .
Analysis Rule Recognition Rule tnination rule 02 Addition
Action
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Situation Judgement Coke Ratio
Analysis iti Output Action
. . Judgement laput Frame File Rule
Fig. 5 Configuration File Data
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Fig. 8 An example of diagnosis output and explanation of in-
ference flow from the blast furnace expert system
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Fig. 7 Results of the automatic blast furnace heat control

Table 2 Compariscn of the blast furnace expert systems

System for No. 2 and

System for No. 3
No. 4 BFs BF

Practice the AT
function on a
process computer

Use an exclusive computer
for a backend processor of
the Al function

Hard wear

Production rules
Knowledge frames
Meta rules

View notes

Production rules
Knowledge {rames
Equation bases

Functions of an
expert shell

Number of 671 (Except é{g-STOP
production rules* ru]es?
Number of
knowledge 150 50
frames*?
Inference time About 30 sec 6~8 sec

*: The configuration of rule groups is slightly different between
the two systems.

*t Number of knowledge frames in the No. 2 and 4 BF system
is more than one in the No. 3 BF system because the former
system has all data in knowledge frames.
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Fig. 12 Estimation of the fuzzy inference
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Table 3 Comparison of the productibity to make “‘the plan-
ning of material hopper arrangement’” by use of
expert shell and procedure-oriented language

\ Process computer Central computer
Lan-
Expert shell
guage AIMAX-C COBOL
EEG ( )
Number of 4612 5124
program steps
Productibity
(step/man-month} 1749 57
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Fig. 14 Qutput image of the planning of material hopper ar-
rangement
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