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Control of Cupola Operatlon for Continuous Steelmaking
Process Usmg Time Series Model

Takeshi IwAsAKl, Yutata ISOBE, Yasuo FUJIKAWA and Takashi KOBAYASHI

Synopsis :

CSM Process is a continuous steelmaking process, developed to supersede electrlc furnace. In its de-
monstration plant, melting of scrap was carried out by a hot blast, liningless cupola to supply the steelmak-
ing furnace with molten iron continuously for several days. The essentials of the cupola are to avoid
bridging, which is caused by growth of skull at watercooled stack shell, and to keep 'thé molten iron temper-
ature T, above a certain level. As a result of time series analysis with the records obtained during opera-
tion of the plant, following things were revealed.

(1) When the correlation of heat loss from stack shell Hg and windbox pressure Py is neglegible while
that of Hg and exhaust gas temperature Tg is appreciable, considerable melting should be takmg place near
the shell, and bridging is anticipated.

(2) As a function of blast temperature Tp and % coke Cg, the behavior of T can be expressed by a time
series model, which is useful for forecasting as well as checking the stationarity. According to this model,
10°C rise of Tp should bring approximately 4°C increase in Ty without appreciable delay in average.
Effect of Cg to Ty is estimated to be 5~15°C/% with 3~4 h delay. -

Key words : cupola ; continuous steelmaking ; bridging ; skull ; time series model ; molten iron temperature,

stationarity.
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Table 1. Operating conditions 1.
Total T Ch Q W c wt % of total charge
. otal time otal Charge B M R
Operation | Date (1984) 10} ® (Nm®/min) (t/h) (%) Steel scrap
Cast iron scrap
Shredded Others

CSM-29 10/ 2-10/ 7 142 2600 185 18.3 13.8 29.7 60.1 10.2

CSM-32 11/ 9-11/16 167 2948 186 17.3 14.0 30.3 62.5 7.2

CSM-33 11/29-12/ 3 112 2102 190 18.8 13.1 8.0 81.8 10.2

CSM-34 12/ 5-12/ 7 42 766 180 18.3 13.2 14.5 75.0 10.5

Qg : Blast volume (mean) Wy : Tons of iron charged per hour (mean) Cr : % coke (mean)
Table 2. Quality of coke.
T d Analysis (M. F.)

Fixed carbon (%) 90.7
Volatile matter (%) 0.6
Ash (%) : 8.7
Sulpher content (%) 0.68
Size (mm 40~160
Shatter, % on 50 mm screen™® 94
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Molten lron
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Fig. 1. Cupola.
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Fig. 2. Flow of exhaust gas and blast.
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Table 3. Operating conditions Il : data for 5min sampling interval.
Operation Data Date and time N Qg (Nm¥/min) | Wy (t/b) | Cr(%) | Tu(°C) C (%)
29-1 10/ 2, 2°50’-10/ 2, 9°50’ 85 190 19.8 13.2 1532 2.82
CSM 29 29-2 10/ 2,18°00-10/ 3, 0°10° 75 190 20.1 13.2 1523 2.72
29-3 10/ 3,18°05-10/ 4, 3°00° 108 190 20.5 13.3 1502 2.69
_ 29-4 10/ 4,10°50’-10/ 4, 9°35’ 46 190 20.1 13.2 1499 2.62
CSM 32 32-1 11/ 9, 2°30"-11/ 9, 8°30° 73 190 18.3 12.5 1527 2.96
33-1 11/29,16°30°-11/30, 5°10° 151 190 19.7 13.1 1522 3.11
33-2 11/30, 6°00"-11/30,13°40° 93 190 18.8 12.8 1503 3.00
33-3 12/ 1, 0°35'-12/ 1, 9°05° 103 190 18.8 13.1 1512 3.15
CSM 33 33-4 12/ 1,15°45°-12/ 1,19°10 42 200 20.0 12.5 1498 2.98
33-5 12/ 2, 9°45'-12/ 2,14°00° 52 190 18.9 12.3 1481 3.00
33-6 12/ 2,15°15-12/ 2,18°40 42 195 19.4 12.6 1482 2.75
34-1 12/ 6, 7°30°-12/ 6,13°30° 73 180 18.5 13.0 1478 3.19
CSM 34 34-2 12/ 6,13°40°-12/ 6,21°00° 89 180 19.0 13.0 1491 3.05
34-3 12/ 6,21°05°-12/ 7, 4°30° 90 180 19.1 13.3 1478 3.18
N : Number of records Qg : Blast volume (mean) Wy : Tons of iron charged per hour (mean) Cr : % coke (mean)
Ty : Temperature of molten iron (mean) C : Carbon content of molten iron (mean)
Table 4. Operating conditions [l : data for 30 min sampling interval.
3 Tn (C)
Operation Data Date and time N Qg (Nm*/min) | Wy (t/h) [ Cg (%) v Ty (min)
ean a
CSM 29 29-A 10/ 2, 3°30"-10/ 4, 9°30’ 105 190 19.7 13.3 1515 21 1473
33-A 11/29,13°30%-11/30,13°30’ 49 190 19.1 13.1 1514 14 1486
CSM 33 33-B 12/ 1, 0°30-12/ 2, 3°30° 55 190 19.4 13.0 1502 12 1478
33-C 12/ 2,10°00°-12/ 3,19°00 67 189 19.1 13.0 1487 15 1457
CSM 34 34-A 12/ 6, 8°00°-12/ 7, 4°30° 42 180 18.9 13.1 1483 13 1457

Qg : Blast volume (mean)
o : Standard deviation

N : Number of records
Ty : Temperature of molten iron (mean)
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Fig. 4. Variation of windbox pressure (Pg), ex-
haust gas temperature (Tg) and heat loss from
watercooled shell (Hg).
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Fig. 5. Variation of molten iron temperature and
composition.
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Fig. 8. Cross-correlation function between heat
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temperature.
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rtio and modified molten iron temperature (Effect
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Table 5. Time series model for molten iron
temperature.
N wxX(i) n(i)
Model i) = 1 8B—5F | 1-¢B
n(i) = wzZ(i—b) + a(i)

Data wy ] 0 ] wz b a,
33-A 0.35 —0.69 | —0.07 { 0.78 2.0 3 8.0
33-B | 0.37 | —0.01| —0.40 | 0.65 2.4 2 5.8
33-C | 0.45 | —0.42| 0.26 0.61 1.8 3 8.5
34-A 0.45 0.04 0.60 | 0.61 5.8 3 8.0

B : Backward shift operator (sampling interval=30 min)
X : Variation of blast temperature (°C)

Y : Variation of molten iron temperature (°C)

Z : Variation of % coke

a : White noise (°C)

d, : Standard deviation of a (°C)
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Fig. 12. Relation between mean blast temperature
Tp and mean molten iron temperature T),.
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Rk, MBLZ2BZ ST, HBREILE L TWhE
B TENBOLERENTRTH L. HEREORE
WX AP IELEBFRRE L HEE S, BEPICX
HNBBFEES, BV RIREB X OIFRED S OBIRELD
BIERFOHEL ARSI LICLOTPRATEL I LN
RCEx. BEPICZOBOMB Y B TFHENIGE
W BEELEN, LACRBRAYEETAILIILANZ
DOREZEWTHILHTES.

¥ 7= HIBIRE OB IR RFIE TV TERT A S
EXRTEL. EFAOERRIBEOLFE,IrOIRETESD
A, N7 A —F —FHIEBEICK D TEIEL Tw L LED
Hb. BEOREMRIOEFNVEMHELT, WES L
HBBEDESEE T v FLAEBO&HPICH D L 2
BILIEICXOTHKTES., REFORNRE LT —

nj
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500 %o B 754 (1989) & 3 2

YPLEPNLEFNICESE, a— 7 A BRERE
P—EDE, HWHRELHDFEEREL 6~8CThH
D, FBEREE 18°C @ L& i3 30 min LLICH 4°C,
a—7 A 1% OWINE 3~4h OEAT 5~15°C
HHRED LR 27263728l n b,

HBCAEABRE 2R T Ao CTHBEREERZT
& D - AR R EFERILHREBIZ 5 & N RERVIENT %
RET S 2 HEREAKFERENET, BRBCCmBE
LB L L 4.
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