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Synopsis :

A BOF dynamic control system has been established at Mizushima Works, whereby
temperature and C content of molten steel during blowing are measured by the
sublance to permit a good end-point control through modification, as required, of the
subsequent blowing conditions, and a sampling system is made possible immediately at
blow end without tilting the furance. Major points of these technical developments are
as follows: a full-automatic and reliable sublance mechanism including setting and
removing a sensor probe; a sensor probe for measuring bath temperature and C content
with high accuracy, and a sampling probe for obtaining suitable sample; a dynamic
control model with high accuracy. At present, the availability of sublance system is
above 99%, and such high hit rate as 95% for temperature and 87% for C content are

attained even in blowing high carbon steels.

(c)JFE Steel Corporation, 2003
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A BOF dynamic control system has been established at Mizushima Works, whereby temperature and C content of

molten steel during blowing are measured by the sublance to permit a good end-point contrel through modification, as

required, of the subsequent blowing conditions, and a sampling system is made possible immediately at blow end without

tilting the furnace.

Major points of these technical developments are as follows:

a full-automatic and reliable sublance mechanism including setting and removing a sensor prcbe; a sensor prebe for

measuring bath temperature and C content with high accuracy, and a sampling probe for obtaining suitable sample; a
dynamic centrol model with high accuracy.

At present, the availability of sublance system is above 99%, and such high hit rate as 95% for temperature and 87% for

C content are attained even in blowing high carbon steels.
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Table 1 Histary of BOF blowing control

in Kawasaki Steel Corp.

1961 | Start of research in static control technique

1963 | Instailation of static computer control system in

Chiba Works

1966 | Start of research in sinker technique

1967 | Installation of dynamic temperature contrel system
with sinker in Chiba Works

Installation of static computer control system

in Mizushima Works

1970 | Installation of dynamic temperature contrel system
with sinker in Mizushima Works

1971 | Start of research in sublance technique

1974 | Completion of the first full automatic sublance
system in Mizushima Works

. Start of sublance installation programme for all
furnaces

1976 | Installation of sublance system in Chiba No.2 LD
shop

1977 | Installation of sublance system in Chiba Q BOP
shop

1978 | Completion of sublance installation programme

for all furpaces in Mizushima Works
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Table 2 Qut-line of steelmaking plant at

Mizushima Works

No.l BOF shop
180t <3

No.2 BOF shop
2501 % 3

Capacity of vessels

Exhaust gas equipment IRSID—~CAFL type gas recovering system

Hot metal holder

Centinuous casting 3 2
machine

250t torpedo car, without mixer

Carbor grade of steels | Comparatively high Low
Total 12000000t

Apr. 1967 ( Sept. 1970

Nominal annual capacity
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Steelmaking
order

file

- ——— Steelmaking erder lcard)

Tapping schedule

Instruction sheet for

preparating molds and stools

Results of preparatinn (CRT)

Hot metul analysis, cemp., weight
per torpede car

Amount of hot metal, scrap

Weight of hot metal, scrap
Hot metal analysis, temp.

— — — — Valua of calculation pavameter

Amount of oxygen

Amount of fluxes and ore

l.ance height, oxygen flow rate

Fluxes and ore addition
Weight of fluxes and ore

JINTERMEDIATE MEASURING (with sublance)

Bath temp., freezing temp,

Amount of oxygen

Amount of coolant

MEASURING AND SAMPLING (with sublance)

Molten steel analysis

Amount of alloy

Degassing instruction

Input froem instrument devices

Molten steel analysis

[ Teeming instruction sheet

[ngot data sheet

[ BOF log sheet

Processing
A B.C.D of ingot making
==t ——
Modified
Technical welght
standard ABCOCD
file R Charge
caleulation |- ——— Torpedo car No.
"BLOW START
Revised yield [
Running
data
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iﬁ_ Statie
controi ]
—]
Maolds and A B C Blowing
stools ] pattern
file control
' Bott
sI:'l Zm ABC Dynamic
<P‘ : control
condition
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,,,,,,,,,,, . EBLOW END
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N | “
Central i Feedback Bath temp.
computer : A B C calculation
|
T |
| | TAPPING
Operations || | ABC Alloy - 4
control } calculation Weight of alloy
computer 1
for slabbing !
: A B C Processing
T | of RH degassing
|
!Bottom : JTEEMING {with cvane scale)
|shape | -— = t— o« - Observation data (CRT)
!(CRTJ ! |
[ : ABCD Processing
i =1 of ingot making Ingot analysis
Slabbing ! JSTRIPPING
, - — 1+ — — —Observation data (CRT}
1
1
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: ——— Automatic
Soaking : — - = Semi-automatic C
| - — — Manual
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Fig.1 Computer function of steelmaking plant

[ Ingot making log sheet
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Schematic illustration of sublance svstem at Mizushima Works
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Table 3 Specifications of sublance equipment

Device name

Specifications

[.ance

Cooling water

.Type . Water cooled (three concentric tubes)
Quter tube dia :
Length . 19 000mm

139.8mm

:'Max. 100t'h {nermally 40t h}

Lance hoisting device

Type © Twin wire rope
Speed ! 7im/min, Sm/min
Stroke @ Max. 17 945 mm

Motor © AC55kW/ACS.5kW
— DC5.5kW (for emergency)
Lance sliding device Type : Driven by an air cylinder

Stroke : 960mm

Slide gate

Type ! Driven by an air eylinder

Inner-dia © 390 mm

Probe setting and removing Type !

device

Driven by an electric motor

Speed © 84 m/min
Storke : Max. 1000mm

Probe election device

Type . Driven by a motor drive cylinder
Election angle @ 907
Election speed ! 9775

Probe transfer device

Transfer speed !

Type : Roller conveyer

10m/min

Probe storage device

Capacity !

Type © 4 channels

100 pieces

Lifting speed : 7.8m/min
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Table 4 Relationship between freezing temperature T, ("C) and analized carbon centent [%C]

Cooling pattern Regression of [%C] on T Standard deviation (%)
A [%C) =—0.01056 T, +16.296 0.0189
B [%C)=—0.01198 T, +18.406 0.0353
C [%C] = —001222T, +18B.780 00136
D [%C}=—0.01130T, +17.394 0.0287
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Table 5

Improvement in blowing success rate by

dynamic control with sublance

Target of carbon Success rate (%)
at blow end{ratio | Tolerance Factor Sinker Sublance
of production %) (o) {f5ha™*em)
—0.06 127 zem;:rature B2.1 zj;
(8) L 0015% | ot 64.7 '
Simultaneous 539 88,7
0.06- 012 119 Temperature 838 949
Carbon 639 90.1
(44) +0.020%
Simultaneous 546 86.2
. Temperature 84.1 95.1
0.12--0.24 +12°C
Carbon 602 884
(20} +£0.025%
Simultaneous 515 851
T L 854 95.7
024036 | +12°C | e
Carbon 59.3 87.1
(15) 1£0.035%
Simultaneous 51.7 84.6

Table 6 Reduction of NB rate by dynamic

control with sublance

NB rate (%)

Cause of NB

Sinker Sublance
1Oct.~Dec., 1976} | (Feb.~ Apr., 1678) i
Temperature 7.2 31
Carbon 62 1]
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QOutline of full-automatic blowing caontrol

Contrel of P and S End point control of

C and temperature

Slagging control through . X
. gg.g € Dynamic contrel using
vibration measurement of
sublance system
oxygen lance

_ _ Modification of
blowing schedule

Programmed control of lance height, oxygen blowing

and additien of fluxes and coolant ores

N

Quick tapping without waiting
end peint analysis
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Comparison of recent performance

Full-automatic
blewing eontrol

Dynamic conirol
using sublance

Simultaneous success

rate of end point C 86 % 93%

and temp. B

Cleoarrence of 23% 3%
J’[r]ii:-{s'rence in metal 0% (std.) +5%
]I“i‘ff“a“ refractory | ) 500-.16001aps 2200‘*2500tap54
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