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Development of the Endpoint Control System for VOD Refining Process

Takeshi TAKAWA, Katsumz KATAYAMA Takeyoshi SAKANE,
Masaaki TERUNUMA and Noboru YAMAMURA

Synopsis :

For the endpoint control of VOD refining, a new simplified mathematical model suitable for online ap-
plication has been developed on the following procedures.

(1) The equation of oxygen consumption in the period of vacuum oxygen decarburization is formulated,
which comprises the range from low carbon to high carbon.

(2) The carbon content in the melt in the period of vacuum decarburization and temperature rise are
formulated.

(3) By means of above-mentioned equations, the control system for carbon content and temperature at
the endpoint of decarburization has been developed.

At VOD shop in Amagasaki, the system is being used for the endpoint control, and is contributing to the
decrease of the amount of reduction agent, flux and blown oxygen by prevention of excessive decarburiza-
tion. :

Key words : secondary steelmaking ; process control ; VOD ; endpoint control ; mathematical model ; oxygen

consumption ; temperature rise ; carbon content.
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Fig. 1. Outline of VOD process.

&, iR, H>7) v rEiTv, BEREEREIILT
Fe-Si XX ABILZATH. REFFETI, Th oo
D) LBEVIEOMM TH L EERERRY L, 20
DEZEE % HITT Ar BHETHR S S EZHRI L %
EHTONR & T 5. o
IOTUE AR BRGCERT BOBES TR
<, RICERILTE 2 & LTHEF N OEMEAS LE
LICERECHEHTAZ L RET LW,
ZCCHBNERIBETFMILL T IO —FTld i <
VOD THRDERE T — ¥ DN S 70 & X 0l
HrEtTsrhEE LA LICLT.
2-2 BMCOHRE _
BHFr—TVITLEHI IS NS F— 7 2 HWT, EZE
FWRPTIRBRICE Do THRT 2MENEE %,
BB R IR DT A R C 0B R ERAL
T 5.
2-2-1 BEZEEEFPR (VOD) #)
BRI & AL L CUUF o 3HIc X L7
Fhbh, BRICELD THEMT Si, Mn B X UOLEIC
JH L THRASNBHEER (Al 2 &) ORALHELIC
Thona%E 11, BEOMGHEIER L 2 5B RO
W, BXUOERELZOBEREIMILL T AL EDIZ
Cr DEALIERICZ VB LOAEIHTHL. onbd
DERDC BT HBROEE % Fig. 2 1Z7RT.
FB1IHEBRRESETLTCWRWEEELTEY, 20

R (1)RCET oLl TED,

A0, Wy
—W;‘hﬂ'—W;+§hi<Xio—XiE) ............... (1)
=72,

AO, : 1 MR ICHBE S A BFERE (Nm)
Wsr: BER (t)
Wy : AimFl=E (t)
X0 : WLERRTAS Si, Mn (wt%)
X WUBRR A Si, Mn (wt%)

Carbon content

VOD : Vacuum Oxygen Decarburization
VD : Vacuum Decarburization

Fig. 2. Decarburization characteristics in re-
fining.

hH, hi:ﬁiﬁ( .
ERAEDFONIEHZZEM Si, Mn iI2OWVWTIREF—¥
DIFFTOKER, (2)RIRT L 5 I Fh 2Ll ai
Si, Mn O s LCERTONZY L ofimr iR,

Xie = Mo Xio - Rgeeresrerrenerssrosiniieioinninn. (2)

72720, ho he: B .

F2HTE, COBRMEBEMOILBEEIKE L, B
F O EE IR EE 2 HET 5700, BEEE T
WEZ (3) KRR 2 LA TE B,

—————‘—s—d C T K 402000002002 00000eesstittstancscssncenns
40, Wy~ o (3)

72720, C:BHMC (wt%)
0, : 2 HHETOBERHEE (No')
ko : £R%K
% 3MTHBMRE~ D CILFRE B L, CHEK
R AR 2 R T 5 7 O B B i I (4)
RTRTZ EMNTES.
__aC  _
d0,/ Wsr
7L, ko REK
rROZEE2MEEIPErEL L L, BREFER
T (3) KL L, BEFRER T2 (4) RN T 5

SR R TR TP PPPPPRI (4)

—134—




Y

s

VOD A8 0 # I > 2 7 A OF% 1577

2.0 2.0
1.6} 1.6
<
N I2- °p \g l
5 . 0/100 g l.2 S B
E A R - e o
_ os /"g"' > o8} S e
S s 0 .
— o:-
g 04 g 04
ok o o ol v v Fig. 3. Influence of initial
5 9 13 17 21 25 0o 10 20 30 40 50 steel composition on actual

Initial chromium content (wt%)

@f,uﬁ%@kﬁ%&OTMKf(ﬂfklb E
AT L CREICB R AU T S ST E
59,

d0,/ Wsr M
TT4c T mtTC
22720, (5)READ my, my WX ENEN ko, by D
BrEL, BERTFOLHICLOTHEYZILLEL
LD, BITEBRBICT A0 (5)NTORE mo, m
% acap, aray EBE, g BELD q BEH, a & 3RIER
FOEFHCH ESLEES2ZITANRNTA—F LTS
&, (B)RIB(6)RDTELRT I LN TES.

__dOé/CWsr:a(a“L%) ........................ (6)

PREL, N A—F—ald, HERTIHRENLRHEL
LARBAREOMEE 1 LTS, FoEEIME X UE
LZBRRACHEBE SN ABERIZ(6)ROESTITLD
()R LTHELRA.

A0,

Wer @

72721, Co:HHFIHEM C (wt%)

BHZEMRERRPRTEEORME C (wt%)

BIMCTOBENEBEEI (L)X TRENLENLE 1,
2, 3 e A L CHEEREHRE &K L TORKHE
iuw)f<§¢ ENTES.

40, . W,
Wer ™ Wy

C
-[ao(CO‘C'M)+a1-long—: ...... (7)

+Zh (X —XLE)+(I'

{aw(co—-cu)+chqogé%}

FRTES, "FA—F—aDfEE 1 LBWTHEHES
WIS K DR ao, ay, by h; PDEEZRDLH I LN TE 5.
e 20E ag ap PERZF N F R 10,116, 0.957 TH D
ZoRC e #BERT OB LTERLT B0, (8)
FASEHEINS(9)RID e DEREME o, 2EHAL,
e BHERTF L OBBREREL .

Initial nickel content (wt %)

value a 4.

20
1.6
< R
R
o L2f
2 0
° L
>
_ 0.8
=
2 =
4 oal
O 1 L I 1 1 1 1 1 i
o) 04 08 12 16 20

Estimated value &

Fig. 4. Estimation accuracy of a.

40, Wa
T P Z e (Xa Xoo

a,= m— (9)

ao~(Co——CM)+a1-logC—;

Fig. 3 ICLHEETARBS & D ay L ORFRERY. 2
2L, JLHE] Cr & ay Loz ERAGE, EHE ay
FALIEFT Cr DA ORFOEICD LD EEDLFAT
WLOT, IO 7ay FPTRTER ag PHINGDFE
BLBRALTBW, WA Ni & o, L OBBRERS
BE SRR a, 2 S WHER] Ni DAAORTOEE L K
HLTHb, ThHOFIZBWT, MUHE Cr & a, &
ZHEBRE L EAHE SO SN A, Thik Cr "COFE
¥ 5720 Cr @i ERURUS AL T 5 L v )
BE L —F+ 5. #iC, WERT NI & o, E3EOME
BEHBLENLP, THE NPCHOFEEX LITHD
Cr FLoEmst-bneErzohsb. A"
B Mo & a4 EidbTHTIEDH B2 Cr DA LR
OEMAED N, DK BREFMOBERFL
OBBIZIOWTHERL, ChODERERHWTINS
A—F—a%(10O)Ro L (ERIfLL.

a= Zp,-*(Y-—? ) A Poeereersereeeasnnesssnnesanns (10)

ttb P Do : B

—135—



1578 # & #5734 (1987) £ 11 F

0008 0.008|> ]
o
- o [
- - )
T, 0008} o oooeg_gs_% S
B ooﬁ\ °° <« 3
S oooal o . 21 < oooal
(¢}
s f Ts t
S 0002 S 0002}
s 5 _ R
5 o g of
< i < i Fig. 5. Influence of ini-
—0.0025 > ' 3 = 1 25 O o 0 20 20 40 50 tial steel composition on

Initial chromium content (wt %)

Y, BEERT
Y, BERT Y, o

EXPOBERT Y, 3BT EHEK S (Cr, Ni,
Mo), WHEFIAEMEBEB LY Ar REXTT. hHD
WHFIZET 258 p ol 1Z %1 21 0.01973,
—0.00402, 0.00831, —0.001879, —0.000612 T & > 7-.
()b DL T A=y —aDHEEEE (92D
ED L EREOX L D—B % Fig. 4 1SR,

2:2-2 HEzZeRik (VD) #A

ELZ2 I R B O B R B 13 C LB & 72 B O TR
WKADAKTERT LN TES.

ac _

di

723U, b WERE (s)

A KFDINFT X —F— Fid, 8T x—~F—a L[F
HRERTFOLH Lo CHEYZ L. Q)X EHES
TAHIERIDEERRBOCE (12)R0Zk CEtET
x5,

Ce:=Cuexp(—k-At)

72721, Cp: BZERRMIERTED C (wt%)

At : BB R OMPRERRT (s)

(12)REBIBNRTX— 5 — k2 HBERFOEKE
LCERET A7z, 12)RX2roBH &AL (13)7F LY
EDOERBMHE ka BHL, ZhESHEERTLOBGEY
REL.

_— k.C .......................................... (11)

k":-Al—t.log—(C:—: ....................................... (13)
Fig. 5 (CUERIERNG & ky L OBEBRERYT. oh
SORIZBWTYH, Fig 3 L[AIBE, MEH] Cr & k, &
DERERLGE, ROWEDOEI ky 2 5 WHEF] Cr
DA ORFOZBECRNA L ChH D, UHEH Ni & ky &
DEBICOVTORBKTH S, KX MHEE Cr, Ni &
kg ERZNTHREMHE, EHEFREDONDBD, i
SRBEZEERERKMDING A —% — a, 128 X TT 0

Initial nickel content (wt%)

actual value kg,

0100/

(sh

0006 |

0.004 |-

0.002 |

O}

Actual value ka

-0002 N i " ! L TR T | 1
-0002 O 0002 0004 0006 0008

Estimated value k (s™)

Fig. 6. Estimation accuracy of k.
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Table 1. Hitting accuracy (Standard deviation).

Item Without model With model
Endpoint carbon content 0.020 % 0.013 %
Endpoint temperature 24.9°C 12.2°C
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