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Fig. 1. Tri-angle of computer control.
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Table 1. Functions of computer control system.

Functions Objectives Actions Input data

Aimed steel weight
Hot metal Scrap weight

weight | Pig 1ron weight
Tapping steel yield etc.

Hot metal weight

calculation | Sound ingots weight

Hot metal analysis
Dephospholization Burned lime Total iron weight
Deoxidation weight | Lime stone weight
Specification etc.

End point Aimed end point temperature
control | Flux weight calculation End point Mill scale weight | Aimed end point carbon
temperature |Scrap weight Hot metal weight

Pig iron weight etc.

Scrap weight

Ore weight

Hot metal temperature
Hot metal analysis etc.

End point carbon Oxygen volume

Lance gap
Lance height Charged metal weight
Vessel life etc.

Adequate blowing

Lance height calculation conditions

Aimed tapping temperature
End point temperature
Sound ingots weight etc.

Coolant weight calculation | Tapping Cooling time
Cooling time calculation temperature | Coolant weight

Aimed tapping temperature
End point temperature
Sound ingots weight etc.

Tapping
temperature

Adjusting Reblow time calculation Reblow time
calculation Aimed ladle carbon
Ladle carbon End point carbon
Sound ingots weight etc.

End point analysis
o Coke, Fe-Mn, | ‘Aimed ladle analysis
Ladle alioy calculation Deoxidation Fe-51 Sound ingots weight
4 Ladle analysis Si-Mn and Al g g

. Alloy vyield
weight Alloy cost etc.

Data Heat log Operation control data
logeing | Lechnical data log Data logging Technical analysis data
g81ng Daily log Daily data etc.

Partial automation | Automatical
Sequence control of operation actions and
Operator guide displays

Process data
Manual inputs

Process data
Manual inputs
Operation data

Data processing Operational

Production control = g .
contro and communication information

Oxygen volume | End point temperature
Lance height End point carbon
etc. | Bath lebel

Automatical end

Closed loop control point control
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End of tapping —

-

N

Stop alarm { Automatical stop

— End point adjusting calculation
I~— Ladle oddition colculation
— Steel grade check

[—— Model modificotion
— Logging dota type out
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Fig. 2. Computer control sequence (containing
dynamic system).
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Fig. 5. The heat balance.
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Table 2 Dynamic model.

Dynamic model

External feature model

Sumitomo (Fujii)s®
Yawata (Nagano)'®

Trapezoid model
Basic pattern

Reaction mechanism model

Yawata (Miyamura)™®
CNRM (Nilles)e
Nippn Kokan (Ozeki)
VOEST (Krausz)™
USSR (Jameljanow)®
Nagoya Univ. (Muchi)?#®
BSC (Cambridge)&®

for LD-AG process

Carbon dynamic control model

Integral method IRSID1®
Singular point method Yawata (Yoshizumi)V _de _
Sumitomo (Fujii)5® Cs and dt ke
Curve following method J & L (Meyer)® — jl; =a+ Berc
IRSID® - Z; = e~ Bt
de —
Yawata (Nagano)$® ~ = av' ¢+ B
: ; d
Endpoint value method Yawata (Okamoto)™ — d; B r
¢+«
d
Yawata (Maeda)?® — d; =act+ B
Temperature dynamic control model
(Sub-lance) Yawata?® 4o a
(Bomb) Kawasaki6® dt

RSB oA ez — 0, L LTHRREGD 4) 8T 2 —Z—PHILLTE D, FREIEISTTHE

ERFHC D DT EhTw5 . Fig. 9Tk K
[EDEAR ) CH — L BIRT. TDEFDEF IV, PRI
JGX =X LDHFBEL, TOHERXNERO LK HILDT
W, L LEIG* =X sDIBRICRAS D 5728,
HEFEDFBLTVWS. ThbDFA4F T v 2ET N
W, BHEE TR, ERECERATIREDTWERVA,
Pk o ROHIE, SOEREIORE TR, EETHA
3 84)

FA4FT oy -arbo—EFANE, EBLERE
RDFHEE DT, BRI hCE D, RIEDOAERRE
FERLAEEEEFANE . £4FT 04 - o bm
—WEFNVRDESE,

) EEoF—4fizil@ifgisct.

2) =FARAMBMHET, @S EET T L.

3) I —F—DEDBLEL, TOREBLENT

&.

ThHdHT L.

5 FEIExAH=ZACEDTVWDHTE.
RETCHAHS.

H—E TN, TNTEREERRICD ESWT
Ww5. IRSID fAZrE1E, &GP Sh Bk
TCHEM, BAI—FrOHWKES XCRREEFTD
WSSHESE DD b, ERAMSRWELLINTHVS.

EoBiRihsg ko Cp & (Fig. S wmd X SRk
AR RERESET LIAD 5 SOMBIRFESFHE) XHIE
R e BRI X 5EHIFELL, REHECBWsZ L
BH ALy, Zhics LT, (REEER) B —
K& b D Cr SOMBH— K B HEMLEL
TH9, b~ FRTHRRBEZENLCHELZ TET 5
EArHAwLENRLTWS., JE& LEFURT o (R
HORREE) & Cr A% & DVWRT, REFPH» LR
T CORREBOEGEXBR LT <hciuvE



P RFE MW ME L R R 591.

FERCTHS. HIERFERIC b 5 BREEEELILT
WHHIL, EEORREME (& < TEREHT) &
AL WHSBHETL 5. KAEREE, v -+
HWIED e — FORIRIZ X D SRtk s o i BREE
BEn— X AEE OBIREFIT 5 5BETEAF 2 v &
A2 by PHERCHVLHRTNS®.
BEEFNVELTE, REXMTRBE-E®DEVS
Xh»THELEFUMBHALTWS.
DEDONRIXSE, ¥4F8 v -ar bo—LEF
WK, TOTEAED, BUEDNERREMED 42 SRR S
hTkb, BRHEECRASHS. SHIEIMK S &
B, BE2A =X 22T LIZEFVOER, 2F0 &
AF2 v O ETNEDREEBE TN S,

4. & H i

FA4FT v rarbue—dx4E4 2 b, B
M THB. THNETIRKLALN TV HIEFREPOR
Wik 5%+ 5 L Table' 3 XDk d. & 2T
o 2 fIEFAOBEE EAINC L D BT, HlED
A POVEEM R THT S S v v AFIEEAR RS S, )
RBECRIEREERT 5 T v v AR (72 &
XEHTI o A—F LT E) LREMLTEL

HRETHS. 7o AHEEBRHSHOBiHEEE,

1) BERHE

2) #Bfe, EHOBHE

3) sKkiGERYE A ATAERE

4) 2= bk
RETH5.

EEEh — R BT, BEGEREICHY T 5PN 25
EORIEIL X VBT h — K REET HHFRNE
bhtwsd., Zhbobbdho& EERDIE, HHx
fige CO+CO% ZAIELTENLOHEA V5
REESTTHDH, HASTOBNERBES LT
BUCe s, WBETIE, ZhEBERFRY L F5-20
Garvbu— iz X hEiELTEH Y, FTEGKIECIITT
CEBFECEFLLTVS. My —FKoflEge LTk
RO —EEZ R L CX ORENEE» S 7 — K i
THED—FKF L — T A L2035k %%, HIEED
BRI HER S 5.

HRIREOBIZERX, S WbWEREFDO IO EERE
T & oMt (fc & XVEBVEN) 255D T, BipRsEE
L7 —KPED X SicEciyv. VOEST ©
W, Rkt ko REE 2 AT 10 #e — g
SEBBNESRENR VP BRZBIRLTWVWS. —HFA

Table 3. Dynamic sensor.

Continuous | Flame photometer Sumitomo!09)

Exhaust gas thermometer CNRMé2)

Lance cooling water thermometer Nippon Kokan?on

Exhaust .gas analyser J & L9

Exhaust gas flowmeter Yawata3®

Decarburization rate meter IRSID' J & L3 Kruppt?SumiotmoYawatas” etc.
Intermittent | Sub-lance—Carbon determinater Republics®Bethrehem®" Nippon Steel?8)s)

Bomb—Carbon determinater Kobeb?

Temperature

Continuous | Vessel wall—Protective tube—Thermocouple Max—PlanckG)KobeAzz)VOEST“)

Vessel wall—Ruby—Two color pyrometer BISRAs®®

Air. purge

Vessel wall—y o cool tube—Pyrometer U§SR3‘)

Sub-lance—Protective tube—Thermocouple] VOEST?5

Sub-lance—Two color pyrometer Sumitomo!*®Nippon Kokan38)
Intermittent | Sub-lance—Protective tube—Thermocouple| VOEST44

Sub-lance —Expendable thermocouple Nippon Kokan?Yawatas®?Nippon Steel?2)

Bomb-—Expendable thermocouple J & L3DKawasaki4®) Yawata3s

Slag condition

Continuous | Whistle lance Nippon Kokan2?

Audiometer Nippon Kokan2® CNRMé)Mannesmanns4)

Vessel vibration measurement Mannesmann8®)

Lance—Electrical conductivity Krupp2®

Oxygen balance met’er Dortmund?2®
Intermittent | Sub-lance—Electric pole method Yawatas?)
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Fig. 10. Schematic diagram of decarburization rate
meter method.
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Fig. 11. Frequency distribution of decarburization

rate meter gradient.
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Fig. 12, Accuracy of temperature measured b
bomb thermocouple. :
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Fig. '13. Temperature measurement sequence.
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DTCHEAF T v - a2 bu—UERHERE LTORAR

Table 4. Cost of bomb thermocouple probe.

Material cost Bomb . 255
Compesation wire | . . 480
Paper sleeve ~ - 235
Element : 400
Production cost " 700

2070 ¥ /probe

thal

Fig. 14. Measuring curve of bath. temperature.
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Fig. 13. Linearity of temperature rising at the last stage of blowing.
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Fig. 16. Frequency distribution of temperature rising
rates (by bomb type themocouple).
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Fig. 18. Accuracy of temperature measured by sub-
lance.
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Fig. 19. Temperature variance during sub-lance
movement.
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Fig. 20. Distribution of measured temperatures.
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Fig. 21. Frequency distribution of temperature
resing rates (by sub-lance).
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