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Behavior of the Outlet C Concentration from the Trough Type
Continuous Steelmaking Furnace
Takeshi IWASAKI, Yuiaka ISOBE, Yasuo Fulikawa,
Toshiaki WATANABE and Akire Fukuzawa
Synopsis :

Continuous steelmaking furnace is represented by combination of a statistical model derived by linear
time series analysis, with a non-linear model consisting of 2 mixed tanks where rate of decarburization is
assumed to be proportional to the product of average carbon concentration and apparent oxygen concentra-
tion, which is defined as a ratio of total oxygen and residing liquid iron in respective tank.

As a result of simulation by applying measured time series data to the combined model, the performamce
of the furnace was confirmed to be expessed reasonably well so that forecasting and design of control sys-

tem may be feasible with the model.

Key words : continuous steelmaking ; statistical model ; non-linear model ; time series analysis ; forecasting

and control.
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REN, FONRTA—F—DIEL2E BRI L, Fig. 1. Continuous steelmaking furnace.
Table 1. Mean valne of Records concerned.

Operation #1 #2 #4 #5 #6 #7 #8
Number of measurementg 60 54 45 47 79 72 76
Oxygen flow rate, @ Nm®/min 7.43 7.38 9.51 9.29 ' 9.72 8.73 9.43
Iron flow rate, G kg/min 324 324 329 319 328 309 313
Inlet C cone., X;% 2.53 2.49 3.18: -, 3.08 3.07 2.88 3.19
Qutlet C conc., X, % 0.16 0.14 0.18 0.11 0.08 0.07 0.11

Carbon was analysed every 15 min. Time series data were obtained by interpolation into 5min. Oxygen flow rate were averaged for 5min. to get time

series data. G and Xy were estimated from cupola operation records.
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Fig. 2. Result of Ni-tracer test.
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Fig. 3. Material flow of mduced model”.
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Fig. 4. Steady state relation between oxygen
flowrate and outlet C conc. by “induced model”.
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Fig. 5. Response of outlet C conc., X, to oxygen
flowrate, Q by “induced model”.
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Table 2. Parameters in “statistic model”.
w 1
N A+ ——— e ali
Xs(l) 1—6B Q(l) 1_¢IB‘_¢ZBZ a(l>+e
Operation #1 #2 #3 #4 #5 #6 #$7 #8 Mean
e% 0.012 . 0.016 0.028 0.043 0.020 0.026 0.028 0.039 0.027
%/ Nm®/min 0.023 0.024 0.029 0.035 0.030 0.019 0.020 0.034 10.027
) 0.45 0.85 0.82 0.85 0.79 0.81 0.77 0.59 0.74
& 1.40 1.69 1.54 1.53 1.48 1.66 1.64 1.47 1.55
& —0.48 —0.78 —0.75 —0.75 -0.71 —0.76 —0.78 —0.61 —0.70
X,(i) : Contribution of “statistic model” to outlet C concentration (%) -
AQ : Variation of oxygen flow rate (Nm3/min)
a( i) : White noise (%)
B : Backward shift operator
Table 3. Standard deviation.
Operation #1 %2 #3 #4 #5 #6 #7 #8
Oxygen flow rate, Q Nm%/min 0.57 0.57 0.87 1.17 0.73 0.86 0.78 0.96
Outlet C conc., X, % 0.052 0.053 0.075 0.071 0.039 0.043 0.028 0.039
White noise ¢ % 0.018 0.012 0.025 0.024 0.015 0.013 0.010 0.015
Outlet C conc., X; % 0.065 0.062 0.080 0.076 0.044 0.057 0.041 0.046
X, : Measured X, : Calculated from eq. (4), assumming AQ=0
BelLT % -
. , . , 0.04} °
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.............. (4) 0 0.2 04 06 08 10
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N .

v (i) = =g AQ)

EEITS.

Standard deviation of Q,uq Nm3/min

e: Mean value of X,;(i) 0p: Standard deviation
Fig. 8. Relation between e and dq.
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Table 4. Standard deviation of forecasting errors.
Operation ) #1 #2 #4 #5 #6 #$7 #8
With individual parameters 0.015 0.012 0.024 0.015 0.013 0.010 0.015
With common parameters 0.015 0.013 0.028 0.016 0.013 0.010 0.015
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Fig. 9. Result of simulation.
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Fig. 10. Relation between g, and X,.
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Fig. 11. Autocorrelation function of X, by eq. (4)
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