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.phorus,manganesc and other impuritics

SP-18.1 :
INTRODUCTION -
s LD process for steelmzking and computer control of

industrial prccecses,y both were born almost at the sane time. Both

grew togeiher and owe each other for their development. Unlike its

forefathers, LD rrocess was found to be gquite fast and operators

soon realized thoir inability to catch its speed and control the
furnace accurately. The large capacities of* the converters and

stochastic nature of the process further zjsrieved the problem.
Automatic control could be ore of the solutions and therefore the
efforts tc automate the process began even before the process wag
h%rdly 5 years of age., First static control scheme using special
slide rules was published by Slatosky in 19260 [ﬁ 1:;7.' Since then
severﬁl static and dynemic control sghemes have been published each

scheme claiminz better results than zll other

The first converters of this type were insialled at Linz

*
,L-..

and Donawitz of Sustrie in 1952 and hencec the process was named as

[

LD process. It is used for refinirg of piz iron obtained from blast
furnace and cénvertiug it to steel by reducing carbon;silicon,phos—
to reguired level, A simpli-

fied diagx :_of ‘he process is shown in Fig. 1. The furnace consists

of z vessel to which molten pig iron obtained from blast furnace is

charged alonz with scrap, cold »ig iron and lime stone etc. Oxygen

_is then blowm on to the charge from a water cooled lance. The oxy-

gen rezscts with the bath to xcfine the mctal, The oxidation reaction

"

that oceur gererate cnoush heat to melt a substantial amount of ecraj
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and to raice the temperature of resultant molten bath. Primary re-

™

actions are summarized in Fig. 2.

Tt is now well estaklished that the function of “any con-
trol scheme for LD procezs should be to control gnd roint carbon,
end point “emperature and o stabilize the prccess by reducing
slopping etc, The violent ejecticn of slag from the vessel is called
siopning end is caused mainly by excessive cxygen in slog during the
first phase of the blow. Tims a continuous control of the furnace
resction is required. A typical decarburization curve is shqwn in

.

Pig. 3. Tﬁe'complete refining period can be devided into three
phases. Duriug the first phase commonly known as 'silicon blew ' non-
carbon impuritics like silicon?phOSPhcrus an&'manganese are prefer-
~entially oxidized. During ?he sceond phase called 'carbon blow' most
of the oxygen is used for decarﬁurization ané during the third phase
known as 'Pinish blow! decarburization rate decreases and a part of
oxygen goes tec oxidise irén. Fig. & gives an idea of oxygen distri-
hation between Si, C and Fe during the blow, This figure was obtained

from a simuletion of LD converter on IBM 360/44 at Indian Institute

of Scicnce Zm 2;7.

.

I, STATIC MODELS:

Static models zlso known as 'Charze Control' are used 1o
spleulate the composition of the charge for the desired end point
resulis, Thouch tie first static model was proposed as carly as
1960, a1l dyaamic control schemces still use stailc models. The pur-

posc iz to achicve the bust thermodynenically balanced charge for
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the prescribed heat from thec availzble materials, Several static
models have been proposed c.g. by Slatosky /_-" 3 ], CNRM /H 47,
Goel et 2l /5 )/ and Katsura / 6_/. 411 static models arc based on
the scme general princirples of overzll hezt and mass balance, with
the latter applied to Iren, Carben, O:-.« ¢t slag, lime, westegases,

sulfur, phosphorus etc. eitc. A simplified description of the equa

tions ig given in Teble 1 / 7

S

These static mecdels predict the required weight of scrap,
lime and oxtygen for. a given end noint temperature and composition.
‘Katsura et 2l _.r_{méj have pointed out that 2 stetic model should also
take into account th ar of refrectori ’“‘ ‘.-fl'l_ich is different for
each heat. The inner shape of the lining of a2 vessel changes consi-

derably durin- one campaisn of lining. A4s rcported by thenm, the

inner volume znd wall thiclnecss chznge by 50 to 75% from the first

('!

Heat after lining to the last heat, before ‘relin ing. This effccts the

Ye0 content of <hc 91'"' rate of dephosphorization, amount of slopp-
ing e_nrl particularly the lheat icss.through lining., Their static

[0}

model teles this into account =nd 2ls6 the sloppinz which if happens
ik o o) ]

is graded by uWhie operztor =nd the medel is z2djusted accordingl 1y.

In general the static nodels 40 not give sufficient accu-

i deYs g T — LR, (TR - L - L, - 3 .
racy becauvse ..-1:0', are pazed on over sinmulified zesumniions and zre
o

entirely subjoct to the accuraey o
such a charse celeulation does not zesot o the inprocess variations
occurivy during blawinz. Thurcfore it is only the beginning of the
control of ilic’ BOF piccess. Its main utiiity is to thermodynenically
balance the chzige seo that dynamic control con more rcadily bring

the heat cn: specificesicn.
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II. DYIUNTG MODRIS:

™monic models of 1D converter can be broadly classified

=

into thrr~ catesorics besed on their eppreoack to modelling and con-

- -

+rol ag shown in Table Z. : : ’ e

Table 2 ~ Dymemdic liodels
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Models ; Wells et al's estimation and filtering ! 23 }

+ approsech ; i
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2.1 Reachion Mechanism Besed Models: Those models, which are de-

rived from the physicochemical principles of stecelmakinz and

gpenerally invelve minute details of internal process mechanisn,

come under this catcgory. ne mejor zpplication of these models is
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that when simulcotied con analog or hybrid coupnizy; thsy can ve used

test. cunt"ol schemes oz contrcl programes and in that serss .

replace the actnal furnaﬂni i

" A v )

2.1.1 lodel propesed oy ruchi v als Profcasor lMuchi and thors at
Negoya Univergity <japan, :&ve pablishzd a2 -pexices of vnluzble papers
e o ; - e O B o i
L 8-10_/ on dymazmic nodelli g of D cemvericre.  Zhess papers con-
tain o wearih o inforuvoiion end piove The arplicebility of funda-

the variaticn of metazl cempealitat..; taileorarc, fluv goe analysis,
- . .. = - i 2 o 1 - - = _p" - .
gas temperature =nd sleF CTRPOEITIVR €RTC -0 iz zopuned thutl 4

parzbolic cevity 1S formed by oxygen yoited opainst me 1ten metal.

fto
3
1)

The rote of oxygen zvuscrbed 31 “he cavity iz determined agsum
- NE ¥ 7

high ucﬂﬂcv?iuﬂc ( 2£00°C) lavey ootwrated with oxygen at the cavity
emrface. 1ozt of the reactio:r readsumed Lo

i,

Iistribution o% oxyzen beiwoen V&iious glamey

depends .- the avq__kble concentration of the

affinity with oxyren. Iime dissclution in &

. The nodel has the i:tvu of teinz trucly general cxnid
iymamic, Fhe condition ol any-variable @3 any instant of tiwe ‘can

be nrc( cted from the meoicl lonplele wolel consisis of over 100

ever, the nodel lincarized. if
crmrlex ané com led to migiaize



The greatest objceotion to Huchi's approach is

Ll

that in an actuzl furnece, reoction zone ig not limited to the

cavity surfeace, but it alsc extende to claz-nctzl intexrfsce,
o

metal droplets surface cic., The toital crea of recction zone thus, be-
cones severecl times the cavity area. This rcaction zone is consider-
ably increased by incwcaszd CO evelution. Another limitation is that

the oxyrcen absorbed by slzg (which if in excess 1eads‘tn‘slopping and

ffects the decarburizetion ratoc, has not been considered.

’

congiderably =
Moreover, this .zay not 2llow correct end point temperature prediction
because a comnon practice to razisc the end point temperzture while

keeping ccrbon constant,; is to raise the lance so that 2lrost all

]

oxygen is abtsorbed by slgg only and hect is released by oxidation of

FGO ‘|:0 392050

’

The validity of the assumption of a high temperature

zone at the cavity surfzace has Lecn questioned by many including

Meyer [1 1__?

t al: This /5 7 is also o reaction
nechenisn medel similaxr to that of Muchi., However Goel et 21

rejected the hot spot thecry and usc the following emperical rcla-

tionship to deterwminc the oxygen aveilable o bath;

-Bath oxygen = Lance wxygen (1-Exp(-K#dc/at)}

o 3

n

Where X Is o positive constant and aC/dt is decarburi-
aticn rate. Thus when oarben renovel xatc increascs. it ecauscs
ekt

greater CO evolution with enhonced emulsificetion of metzl and the

oxygen absorbes by fthe bath inercases. This is obtained from above
equation slso sinee AC/dt is 2 nejative quentity.



—E, .

SP-18.7

The dissolutiorn of lime, limestone and iron ore has

negative exponential raies

=
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wiere W is the weizht of unéigselved lime; limestene, or iron orej

r is o positive constont. The outhors hove made no attempt teo justi-

b -

oxysen wiich is an imrortent veriable o discussed above.

.

2143 gpﬁpg_p;o;pﬁgﬂhpyfﬂggpp;y;ggg‘ﬁiﬂdlutgﬁz The details of the
nodel have nct been published, however, as reported by the author

A

Zf:ﬁ{;7 their nodel consists of 40 simultoncous first ordcr nen linear
ordinery diffcrentiel Lguaiicn"ahd a sirilar nuaber of algebraic
eduﬁtiénglﬁésed on reaction mechanisn. This model was originally
dcvclq;ed for LD-AC procass -nd it has been successfully applied to
LD process. All reaction are sgsuned to occur at interfaces between
slag, metel a;d/or gas phascs., The raic dctermining step is there-~
fore that of diffusion of r;act:ﬁt species to the phasc inﬁcrfacc at .
o 1

whick thc vecctions oceur from within the bulk phase.

Ln importrnt improversnt over lfuchi's model is that

thcir rmodel contoir® an expfusﬂion which cllows the interfacial axrca
to vary zccording to the legree of turbulance currcntly oxisting.

Mhe letter is velated to the rate sf';vnlhti::t of corbon monoxide,
4180 included in e model is o' relotionshin which governs the ﬁigiriu

Fl

hetion of oxyyen between slrg and netel jhosee as o function of the
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lence heizht ond the blowing rate., Furthcr, since the molel was
developed mninly for comiuter contnol, sevoral complex equations ob-

tained from theoxy hove beun 1ina~"1zua t3 reduce cenputer tine,

2.1.4 CLRM Oxyzen lodelsRescarchers 2t Centre National

L

de Recherches lictalluzgigucs sre zetively working on control of LD
converter since 1962, with the final a2inm of rcelization of zn optimal
conircl schcae far it., Ther heventricd severzl approaches to the

goal, HNilies znd Dennis /.13_7 have proncscd an oxygen distributian

scheme. The nain reacticns considered by then are oxidation of gili-

5]

ccen, formoticrn of CO and CO, in thc vessel; oxidation of iron and

-

evelution o7 slsy compesitions, The total oxygen flow QT is assuneg
to be distributed inito thrce parts:the oxygen combined with silicop
QSi’ carbon QC and ircn QFe' & pert of oxyzen alxeedy combincd with

iron can‘recoubine with carber as shown in Fiz. 5.

successively four distributing centreze C C,

C_ and C_ az showl in
Pig. 6. L4t cech centre flow is devided into two parts depending

on seveis vériablgs like lanc L height end total oxyzen flow, lime
dissclution speed and phyaslicezl nreperiics of slag end type of sleg

and evelation of the batn tegercture., They have establisghed the

following relciionsiips beiween vorious partiszl flowss

= Yo% L ¥ DS
DC-,. (T‘ LIS L GO
£
Do e £ ' = 3 },T 13 fe Pl o *
= i [ \ s -;JLJ }
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5 5 ; 5 \
where DO, = Particl oxyren flow rote used for i (¥g/Sec)

i Sl L ;
ne. = CGuontity of oxygen usid fox i

0

LH = Leanocc height
PJ = DPenctrgtion of jet

A = Mctel slezg interfacizl arez

.

¢ = Ffquilibrium constant ¢f the reaction Fe + 0 ="Fel

f is a paramcter.

The slag composition is given by

S = " ctal _Diss.2/3
a(siee0] / 4t = £5(1,7,7) # (Qgoe™ - Qpua /

=

#

. sat
¥ (%Cz0 = %C20)

The emperical functicns f,, «..y £ are deieniined from experimental

3=
data.

Thesc cupericcl models have gencrel linitation in tha

cquired, complcte

H

they cennot be used for other furnzccs and if so
expecrineninticn and dexivation has to be repcated. HMorceover, emperi-

cal eguation ive & good correiation at one plant while at

another plant they mcy noet give acceptible correlation. In other

worde renrcducitility of cunerical medels ic limited.

o
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2.2 HMegsurenieni ¥ased Models: These nodels are different from re-

+

action mechsnisn models in

ct

that these do not involve much of internal
mechaniss of furnzce reactions. The sole ain of these models is to con-
lynanically and these may ox may not predict all

the variables in the process. These models are in genéral very

gimple in struciture and makc use of  continucus measurenent from.the

process sucli =.s nas analysis; bath -7fncr:ture fune tenpe rature ete.

For these rensons, thes: models are also ealled 'Conircl Models' or

2.2,1 Tujiii's Decarburization llodel 3 To Tujii et zl of Suwaitomo

Metal Inlustries Japan have suigested a vexry sinplified schene [-14_7
obtained by cpproximating the decarburization curve in a trapazoidal
form as shown in Fig. 7. The refining process is devided into three
blowing periods with decarburization rate following thg curves stated
telows i

First Phasc : Silicon Blow : -dC/dt = K.t

Scecond Fhase; Carbon Boil @ —dC/dt = X

=1
l‘-_-:
£
R
ko
il
e
@
e
ke
s
jm
I-J
6]
|
k4
=
o
z
L)

-d¢/dt = K,C

where K1, X, and K3 are constants deterained b blow coniitions such
o

as oxygen flow rzte lance heisght ete., t ig the time and C is the

carbon content.

T4 wags found that the most accuraie

znd most reliable

vay to conwral Bath corion using decarburization model is to control
.
the time AD to the end of the second blowin: meriol or the time of
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the third blowing period DE, Since it is based on relative change of

decarburization rate and the absolut

ot
[41]
<
A
b
o
o
1]
1]
H
[
e
8]
ot
7]
(o]
=
1
L=
(o]
H
o+
4]
i
-
-

the treans

ition point D can be detected independently of the exrer
of the measurins devices.

-dC/dt = KC

K =-dac/at) wax. / (Cd ¢ W)
2,303 %
and 1. = 1o G
PE X C..
L

(]
I

where CD’ T carton content ot the transition point D and
end point E rcspectively

W. = Weigzht of nmetal at point D

=
53
|

Tirie from point D to the énd point.

Tims if the carbon content of the point D has been
given, Dblowing tize ‘can be caleulzted as soon as refining passed

the peint D.

This model hes the virtue of veiny extremely simple.

However, in actual practice, the decarbupization curve 1S S0 nuch

" -t

nonlinear snd fluctuating that it is difficult to identify transition

voint D. This‘ﬁnc;r%ainty together with oversimplified equation for

-

oo

dc/dt leads 1 inaccurecy in control,

Tujii has also swigested a temperature control schene

on the besis of decarburization model. Newever, it is highly static
s c bl O o
in nature and sccuracy obitrined in expecied Lo be simiiar to that

- |

obtained frosn = Fecd charge control nolel,

r
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2

2,2.2 Hodel proposed by Blum et al: They have used cxhaust gas

anzlysis and flow ratc neasurement to detormine the bath conditions

continuously durirg the blow / 15_7.

Well known principles of heat

and mass balcnce have bsen used to predict bath condition from gas

Decarburization rate. -4C/dt = K % Flow ratc ¥ (% of (v +

¢
¢
]

v

Blcy oxyrenm

) ch:in exhzust gases,

Lance oxycen + oxyren from limestone and ore -

Oxygen used for CC- oxygen used for CO, -

2

oxysen in dust - oxygen dcssolved in metal

weight of s

Total heat pezired by retfal = Heat g

b}

€

+ Heaot

-
iy

]
|l

constant * (slag oxygen) +

weight of excess lime

encrated by formation of GO

renerated by forastion of .Gqé-+

i Heat gaincd fron Fed - Heot lost to

vesscl
losscs

. Units o
Carbon remov:sl efficiency =

Oxyzen

De

- Heat lost through sensible

£ carbon renoved

o ——— b e e——

delivercd to the bath -

carburizaetion rate Mg/min.

-
=S |, I T S S S R

Lance oxygen Kg/min.

The slpo»ziny is duc to
tramsition fros silicon blow to card

Lt ]

vative of tie 2ecerburization x:

.

3

»arid deesrburizetion during
on boil. Thercrore; the 4

8 & feedback signzl te reduce

oxygen flow xote and conieal sloyping. Temnerctuare of the meiazl can
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be calculztcd fron to,a heat geined and initial tempercture. At

carbon below 0.25%, Ffollowing relationship is obtained between bathearbon

“and corbon removel efficlency by carbon/oxygen equilibriums

% C in Bath = 0,04 EXP (0,026 * CRE,

The mein disadvantoge of exhoust gas enalysis approach

is time delay,’czused by gas moveméni; sanpling, cleaning, znd ena-
' lysis depending upon the position of the sanpling [ peint and quality

of insirumient fi. The dclay oy be 20 scconds to a few nmimutes.

) Consideringy the fast dynemics of "the process it nay czuse unaccepti-

ble errcrin rcsults ob

2.2.,5 CHRLF npercture Models The sempling difficulties and

¢y rather long response tinme and problems in cttaining the required

accuracy from gas znalysis nade CHWRM re searciers to find another

approzch to the contrcl of LD convericr. They experimented with

.

fume obscrvotion cells, teasurement of gas reuwperature in the hood,

the sound recording, the temperature inside the lance” ctc., in

i T

rder to deteruine those which were most epprouriate to the dynamic

fuue tenveraturs measurenent and the

iy

control. The simclicity o

- fact that the thermocouple v’ ort respense times can be developed

! +herd Ln use this measurement as @

3
[e)
<.
£
H
(]

c.
3
o
5

are the factors wiieh en

_mezneof achicving zutonniic control of +hie blow. MNilles tmd Deunis

-
/ 16ﬂ/ Acvives velationshin of thwie following for: between

' fune temperature end motalluigical reoeclionse



Decarburization rate 4C/at T,¥ £, (X.) + £, (&)

b 1 f

L. s Alay ) 3 . ¥ =3 bl
Oxygen uced for carbon = I * 1 (x.) # £, (X.)

Oxyrun trars'aréd to slag = Lance oﬁducn - dxygén used for
E ' ' carbon
o R e A Y S L e

where X, = —ae ) L =

£ (%o + & co,)

T = Tune tenpersture -

kit

Coniplete derivation of a2bove relaticnshipsend forms of

function f.-f, is given in their paper., X, is zlmost constant ond

1 74 = ' B f
-lies between O.T ar d 0.9 durins most of the blow. For a given Xf,

it is evident thet the relationship between AC/dt and ‘I‘f is.linezar.

Nilles end Dennig have also found that decarburizotion rate as

- .

celeulated from zbove equation is liardly influenced by abscrved

B

prediction is cons

variztion in X as chown in Fig. 8. However, slag conposition

- - ~ o

reoLy

&

|..l| .

v veriation in X_.. Hence mezns

=
L

of cheeking ani contrelinz X_ are sssential. All other faclors being

équ::-.l., it is kuown that }. is a furction of tine lance height.

-
i

In & recent paper Voll and itmnelat '['17___7 have reported

the .results of zpplication of this tochinigue to the industriel con-

verters znd -comjared then wi . chosc ou"c. ined from maes anelysis as

i e -

TS e

showvn in TFig. C.

- -

) This nothod thouzh fastcr wim Zos znclysie still
guffers from the drawbacih thal it reguimes frequent calibecratioh of
thermocouslie data on the boglie of dute provided by exhicust bes angly-
sis. Morecover, the fume tercrature curve to be followed is different

et different plenss,sinee it depends on iype of fune colleeting hood

and the intendes glo
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2,2.4 J & L Nodels 4 loxge nunber of napers on LD converter contirol

has been rublished oy rescarchers at Jones cnd Laughtin Steel Corpo-
ration U.S.L., in the period 1960-196%. L good sunmary of these can
be found in [-18"7. Tor high carborn stecl ( C>4% ) they use an
integration inethod to estinate carbon fron gae analysis znd flow

=] -

s detemined indirectly from ite bower required

Loy
-
[ei]

rate., The leticer

.
I

to drive the induced 2raft Tan.

, ac
c(ty =¢6, - -— dt
! di

=0 .=X (percent CO

\

5 (Fan H.F., dt

where K is a cons

Tor low carben steel; a curve Jitting technigue is
used. A varioble known as specific decarburination rate is defined

as the quantity of carbon removed pex unit of oxygen blow or

-dC

¢ - vdt Decarburization rate

a0 ke -

oxymen f£flow rate

Trpiezl paths of g4 versus C the last rha
blow are shown in Fig. 10, It can be repxcsentel by a function of

the form - N

¢ = o -b % EXP(-x¥%C;

¢ nevencters =, b and » arc delermined on ine.

It has been cleimed thet when theee paraneters are cstinated for
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I
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(=
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veat. the correlation coefficient is in excess of
H

0.95. The zmount of oxyzen OG required to reduce carbon from C1 to
followss

1__-

C. can bBe crclenlated s

2

o
H
0
=, !
n

where ¢1 = 2 -0b % Bxo(- » % C
a = b * Bxpl- % 0,)

=y
\V]
It

A sinker then ~couple is used to deturmine the tempe-
rature duriny “he blow and finzl temperature is estimated as follows

[20]

Final Tenperzturc = Measured Tenperature

+ (K1-K2* Hezsured Temperature)

¥ Volume of oxyren blown cfter

tenperatore neasurenent.

Corrective action is determined in the light of this

teuperature: “For enomple, if it iy realized thet the oxygen requi.ce-

.

nent for carbor will result in too high o finzl temperature; the
required quentities of coolent can be addec prior to the end of
the hezt, Mltexnatively if the firel temperaturc is: too low, extra

volunes of oxyzen can te blewn over and ‘above GC’ with the lance

W

beirs raisel szy 10 inches just before 0C has becen blown, This

causcs a 'slag blow! and tewpcrorure is jyeinct at elmost zexo

decarbur zation ratc, laxgely by converting slag FelO to Ft?05

.

so that yield losg is mininiued.
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Though most of the

reccarchers working on sutonatic contrul oI I convertor-iisiize
ozl conr"ol of LD converters
so thet desircd results can be obiained with mininum cost, there

zrn control 0

ishly nonlincez process phononcnon, noigy momsurenents sni a lare

number of giate wvari in.getiel nioeoss. Sc e initistive has
been teken by CIIM and Syst::- Contrel Inc. cnd theix finfdints are

briefly discussed below

24341 ERM Trensgfer Function Approachs As early =s in 1968.
- - - b e e ——— : -

(=0

fi~

5 A '~ ey S : et T . - ' . .
Decker hnl reportcd [/ 21/ that CNRM is atudying about the ident
cation of tic LD hrocess. However, the [irst results of iheir study
have been rr“O“TVu only mzcentiy by Vell zrzc ? The three wvariables

grudied were ox;'en Flow rate; lonce height zna decarburization rat ,

The blow wuos Cevided into severzl periods and they compared the

-

relatige arrlicalility of t?c followin; two formg of transfer functien

. . - . ' N
First order filter tync : H(s) = -~

- o el
. v Ra g ® Kt o T S
A 3 RS, T a sl - . * '
Second uxder filter iyves H(s) = fommom—m -4 Tt
o | T & "
ik 1T+ T g

whicre E(s} is the transfer lunction hetween decarburization rate

( .Cy lét) =nd eitter exzoen flow rate HOQ oy icnee heisht L., Jaen
< - N e 5 O o L il SPA R e Ty g anee T e 3 A en
tvpe o:‘:;(s; haf its own @ cxits and doherits daurins Affirent periods.

In idica of thelir goplicavility can be obicined from Mz, 11.
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e s

2.3.2 Model Proposed by Wells et ais Wells, Wismer-and Mehw
while workinz ot Systems Control Inc. have investigcted the zpplica-

n; technigucs to the LD converter

+
(&
[a)
=]
]
H
o
¢
3
I
o
<t
s
(o]
w3
]
8]
(5N
)
=
=
i
o
3
|-
-
!

n

peper [ 23 j, They opine th the LD process can be censidered to
have two siates (corbon ond teprerahire, end two controls (Lznce
height and oxygen flow rote;. The control objective is thercfore to

o

t¢ of ccrbon snd tenperature in the rezal

determine the Lest

time and to temiinate the blaw waen the lesired stote is reached,

They have jropesed = two stage dynamic molel for decarburization

ratey based on uaste gas output dzta, for carbon bril and finish

4

blow staoges. - The unknown perameters of the nodel are egtimated

-

online using measured decarburization rote.

Since there is a transport lag between voste gas
measurcnent and current bzth condition, the decarburization rate is

predicted 2 head of the tlwc to zeceourt for this leg. The measure-

ment is noisy Zue to instrumentation ond ca zlibration errors snd
N i

hehcée it needs filterinz. It can be expressed as

Bl

1 1-"<C i I
aaG.

. o |

Q. = = m——

s i3

vhere 2. = 1 th .bzsarcment of decarburization rate
a' = Letual decarvurization rote in the

Y. = Stotioncry serc mean gaussinan white noise sequence

&
=far N oG oy ve
i “ = il U r .
( i \ E: h 1]
C. = Lomon +F cath i ithe bath gt Li 5 ¢
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Model of Carbenr Boil Phesc g This rhase extends norrmaily from 5th

—_
ra

miaute to th minuate of nlow. Ry otgerving the autocorrelation

: ; s 3 . o 2 . ; ;
fuinctions of 2, 2nd of incrcnents bui, D zi etes (Fig. 12), it wes

o

concluded thai z sceond order model of the following type can be

LSed

]
o
4
o

e 0 R | i

1t
[w]
)
3

i+ =iy

Zi - di—t ¥ 1’ri

S Mo = o S Y o . Y o=
when E(mi, 0 b(wi Jj) 0l E(mi Vj' =0

The paraneters 2, g 2nd r are estimated onlince from
the antocorwzclrtion function of DZ.. A Kzlmen filter can be used
H S
to provile the bept estineote of actuzl decarburization rate di

based on obszervation upto time i.

Model of Finish Plow Phasc : L deterministic model preposed

gariier for thisg cShasec had the. form
; .

¥, and C_czre constonts., Wells et a2l included stoochastic

where I~L1,- 0 =

behaviour in the nodel by writiny it as

wiicre n rcorescnis o zero mean random process noise relsted to n.
i
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2

fenn the model becoues

ch

In state vectosl

]
—
]
1
]
=L 9
i
r
P
=&
!
o
s
g
o
"
A

o
L: -
%D
2
.
X, = =T X~ + 1 .
3 3
1) [
where x, = d ~, %, =K, X, =1
1 ‘ 2 2, 02 5
u = white reise.
. In eztended Xalman filter was usced for predicting the
deccrburizetion rote T senpling intervals ahesd of tine.
-
A :

'us Wells et 21 have openeld an entire'v new direcction

for reseerch in the ficld of 1D converter control. No similar model

has yet been propose? for dccarburizstion rate during silicon blow

and for temperoiure control,

IIE. CHCLUEION
Computer ccutrol is a must for precise control of LD

converter, One imporiant siecp in any compuier control projecet is

-

TS0 (o : : : . N -
the development of static and dynamic models of thc process. Dynamic
models projosel till todate can be eclassificd into three categories
viz. models bcee

on rezcilon mcchanisn, Rcasurement bosed models

]
]

and nodels using modern contrel engincering tochniquee. There hes

been a very linitcl werk in the cpplication of modcrn control theory

to ID couverter control. Hewever, future sroepeets are bright since

several resecorchers hove gtarted anprecicting its necr.
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