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Intelligent fault prediction system of combustion process in shaft furnace
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Abstract: Due to its synthetic and complex characteristics, the combustion process in the hematite ore-
filled shaft furnace is noted for complex mechanism and frequent change of operating conditions, which
results in frequent occurrence of faults and unsteady production. In order to reduce the faults ratio during
the combustion process, an intelligent faults prediction approach was developed based on the combination
of case-based reasoning (CBR) with soft-sensing. The soft-sensing model could estimate the key technical
parameters which were difficult to measure online, and provide some information about the faults. Then,
the fault prediction model based on case retrieval and reuse was adopted to make a thorough analysis on the
combustion process. The model could provide the occurring probability of some typical faults, followed by
corresponding operation instructions. The proposed fault prediction system was applied to the practical

combustion process in a shaft furnace, and evidently eliminated the fault ratio.
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Fig. 1 Combustion process in shaft furnace
X1+ x10—process variables; a1 +**a,—design parameters;
y1—backfire: fire enters gas pipes; y;—flames reach
out of top of furnace; y;—iron ores inside furnace explode;

y;—iron ores melted and stick to firebricks in furnace
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Fig. 2 Structure of intelligent fault prediction system

x11——ore sort; xy,—roasting degree; xj3—ore granularity

2.2 HEXH

0 5t e 2 R 1 Y T o R 2 ) A R R
RBF # (25 sC 8. LT gl & 475 1 &
SCR AL B Sy TR A0 Y B WSSk [13-14 ]

wn+1) =w —yp 2@0,)(,( |z — D (@

Z; (71+1)— t; (n)—
mwr () Zj]je OG ay =6 G [DET G Lay — 4 () ]
(3)
ST+ =53"(n—
P (n) 24 DG ;= |l O [y — () "

4)

(5)
e = d, —Ew,anx}—z I.»
i tHE’JE&&%TJFLEf%J (statistical
SPCOM ML il 45 3 3 J5 417 I3 BE 0
T 3 7 [l WS A 0 FE {E oo T 1
I ERAL IR A, W] DA B Y o8

process control,

B

:n

AP, B A,

P 2wt g s S 40 A ol g R B i A LA R A
AR IE Y 22 0 52 ) 2H . R R B AR R B R
Ce(k=1,2, =, @ WAL TOLHTA X, FIH B
AR Y., RRA

= (Xy;Y)k=1,2,,q (6)
Hre, ¢ R U B X =
i) s Ye= (e Yows w0 yaa) s WCEEFPERY
i v~y MBS E PR [0, 1], FoRm 4 ik
BEAS R AR BIER
BOYHTAABE Lo IR e X= (o) G=1, -,

(xy1ps Loes *t°

10), EH58—FEMCE CRMMEE LT
< _ - o ‘1‘171‘1’./\- ‘
blm(Xka) - 25;(1 m) (7)
Hopr, o RAUE AR Wi
10
Ze, =1 (®)

A AL BE B9 BB 2 sim, , &3t & 2 R HI R,
g S R VINGE RO & WA = U e RO
BLRE 52 0,

0, = sim(X,C,) k= 1,2,,1

s. t sim(X,C,) = sim,
it 2 R BIE . O YT h R BRI )
HEE«H%Y_(.’YU V2o tts Y1) —I%%ﬂ?j‘]

1 l
¥ = <Z€ky,.k>/2<9k 10)
k=1 k=1

Forrs i Jes o Sz 58 5] )26 v AR L T D I 56 4] 1 i
B BER S G HEBL R 25 R AR AT BUR B TR —
R4 S P T 5 7 A TR

Zi b X NRBIR B2 45 5 T e 52 B
TR (2~ (5) B A 8 SR TR
JEE R 10 A [ R kAT SN . FRZR 4 DCS i
R R R S &, #7206 ~30 (10)
JIr 28 7 19 5 091 4 AR 3 45 B b IR BROIR B 1412 Wi 25
o IFERBERAEE .

3 ITmHA

e R R . R TUR R W AR 7 R
P 1) R AR AR D DR 380 A S92 D AT ) o AR R
S8 AR MO R B3R 22 35 I PHOR J T i AR IR
DU R ORI L Y A, AN S5 sl FEAR K, HEASH
T, 2T R R A A R S

9



57T JUEALE . PR R RE R TR R A s 1771 -
iﬂg%%o x, =4137 m’ ¢ hil\ bﬂﬂﬁ%ﬂﬁ a3 =4005 k] *

FHARSCER B Tk S A R T Rk e
TR, W& T & T ControllLogix5000 5
PLEE S R G R TR R R GE . W18l 3 firan . Hovh W)
R TIUAROAR OC 1 FEZER M, Qi I FT1 &6 ik
P S S R E T FT2 A& i hn i
BHE s HREEH FISEEMWEREMES R E
Sfov HBEAC HT & g BEHRAE 2y B 13T
PTT Kt i< pos B3 PT2 K i
PN po BROE B CT DU HS Y i S s ] 2
A TT R R =R T 45, B DCS i
PP R G AT R LS . AR i R B AR R
GiHel DCS #6 R G A A5 B . JF ) DCS ##
il & G 4 Al R i) e 45 R S A O S R AR L

shaft
furnace “@ t
combustion
process - T
T
|
|
|
|

L. N
|
______ . !
¥ ¥

DCS process control system

I I

L f h  p,

DO
@

supervisory

K —1 fault
optimizing prediction
control system
system

3l e TR R S Y
Fig. 3 Application of fault prediction system
FT—flowmeter; HT—calorimeter; TT—thermocouple;
PT—manometer; tT——calculagraph; f1—flow
of heating air; f>—flow of heating gas; f3;—flow of
reducing gas; p,—pressure of heating gas;
P, —negative press; h—heat value of heating gas;

t—move out time; T—combustion temperature
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Fig. 4 Fault ratio without fault prediction system
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Fig. 5 Fault ratio with fault prediction system
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