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INTRODUCnOK

LD process for steelrcslcinij and computer control of

industrial processes, both v;ere bom almost at the sai.10 time. Both

grew toge-thc-r i-md owe each other for their development. Unlike its

forefatherCj; LB process was found to be quite fast and'operators

soon realized th..-ir inability to catch its speed and control the

furnace accurately. The lar^e capacities of- the converters aaid

stochastic nature of the process further s.j-:^riGved the problem.

Automatic control could be one of the solutions and therefore the

efforts to automate the process began even before the process wae

hardly 5 years of a,~e. First static .control scheme using special

slide rales was published by Slatosky in'1?60 1 \J. Since then

several static and dynemic control schemes have been published each

scheme claiming bottor results than all others.

The first converters of this tj'^e were installed at Linz

and Donawitz of Austria in 1952 and hencc the process was named as

LD process. It is used for refining of pig iron obtained from blast

furnace and converting it to steel by reaucir^ carbon,, silicon; phos-

.phorusjmanjjanosc and other impurities to required level. A-simpli

fied dia^rat! of 'he process is shovm in The furnace consists

of a vessel to which laolten pig iron obtained from.blast furnace is

chaigcd cilons v/ith scrap, cold pig iron and line stone etc. Oxygen

is then blovm on to the chaise from a water cooled lance. The oxy-
•

gen reacts with the bath to refine -Ihe metal. The oxidation reaction

thr.t occur ^•c-norats enough, hoat to molt a sxabctantial aaount of scpap
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and to raiGc the temperature of resultant molten bath; Primary re

actions are svanmarized in Fig. 2«

It is now well estaV^lished that the function of'any con

trol scheme for LD proce:;S should "be to control end i.;:int carbon,

erd point ••^er.peraturc and xo stabilize the process by reducing

sloptii^ c-tci Tht: violent ejection of slag from the vessel is called

slo'j;.'ing ?-nd is caused aainly by excessive oxygen in sl3^ during the

first phase of the blow. Thus a continuous control of the furnace

reaction is required. A typical decarburi^ation curVe is shown in

Pig, 3. The-complete refining period c?ii be devided into three

phases. Duriii^ the first phase conraonly :cno\'m as 'silicon blow 'non-

carbon impurities like silicon,phosphorus and manganese are prefer

entially oxidized. During the second phase called 'carbon blow' meet

of the oxi";TC-n is used for decarburization and during the third phase

knovm as 'Pinish blow' d'-oarbuxization rate decreases and a part of

oxygen goes to oxidise iron. Fig. 4 gives an idea of oxygen distri-

" bution bGt\.-cen Si, C and Pe duiring the blow. This figure was obtained

from a siniulation of LD converter on IBM 3^0/44 at Indie.n Institute

of Scicncc 2__7'

I. STATIC j-;pDELS.:

Static modela also known as 'ChaitiC Control' are \5Qed to

cr.lculatc the composition of tin.- chas^c for the desired end point

result's. Dio'v.>gh the firot static model was proposed as early as

i960, all dy-iam.ic control rschoncjs still use atatic riodels. The pur

pose i:i tr. achiove the beet thexmodynanically balanced chair^e for
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the proscribed h<j?.t fron the r.vrJ.l2.blc- jnatorials. Scvei-al static

nodcls have teon proposed e.g. by Slatosl^' » CKEII / 4_J',

Goel et al / and Katsura / static models arc based on

the seme jjcneral principles of overall hc?.t 2nd aass balance, uith

the latter applied to Iron, C^-rbcn, Qx^cn slcg, lin:e, wastesases,

sulfur, phosphorus etc. etc. A simplified description of the equa-
• • •

tions is ij-iven in Table 1 / iJJ-

These static nc-iels prodict the required- weight of scrap,

liae and o;y.';;en for. a, given end point tcsipe^.-ature and composition,

Katsura et al have pointed out thc-t a static nodel should also

take'into account tho v;ec.r of refrectcric-s v/hich is different for

each heat. Tlie inner shape of the lining; of a vessel changes consi

derably durin" one cair.palgn of lining. As' reported by then, the

inner voluwe and ^.'all thickness change by 50 to 755^ froa the first

heat after lining to the last heat,before relinir^, This affccts the

»

PeO content of the. slag, rate of dephosphorisation, amount of slopp

ing and pf.rticularly the l.eat loss.through lining. Their static

model taltes this into account t-.nd als6 the sloppinj v.'Jiich if happens,

is "graded hy Uie oper.-tor ?nd the model is adjusted accordingly.

st.itic Tiodels.do not j^ive sufficient accu

racy becaxise they are ba.~ed on over sij;iplified assuraptionc and are

entirely subjoct to the accurr.cy or ini\-ial conditions. Moreover,

such a chaxi;;^ oi.lcuZatloii docs not rc-rot tc tir e inprocess variations

occuriniT during blov.-inj, SliLrcfore it is only the begir:ning of the

control of t)je" BO? pDroccnc. Its r.ain utility is .to therri'.odyncr..ic£2lly

balance the ch:;i:2<-' that dynn-'nic control cr.n more readily bring

the hcr.t c;. Rpc'cifJ.oi'.tic/ii.
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II• DYITi^^iTG MOBrLS;

models of LD ccnvcrtci: c?.n be "broadly classified . .

into three cs.tfesoi"ic^s base-a on their approach to modslling end con

trol as shown in 1?-::;ale 2. • ,

TntlG 2 - I^mar-ic I-iodelB

lype Exainplo ; Roferonce'

Muchi

Reaction • Goel

J Mechsnlsm ' Htcnbury and I-liddl^ton
•• •

I Based Kodels : CITHM Oxy:3-on Disbribixtion Kcdel

^ Pujii's Dccarburizr.tion Hod&l

Keasureuent • Blun
f I

Baaed Models ; CNK-J fuxnt tenperature model

Modem' Con

trol JTrchni-
qaes Eased
i-lbdels

I J & L (Hcyer et al)

- ClTEti transfer function appror.ch . •
4

! Wells et al's estimation aiid filtering •
approach i

8-10

16-17 !

18-20

'2.1 Reaction Hochanism Based Kod.cls; Tlioae models, which are de- .

rived fro-ii the pjiyeicocheiaical principles of stcelaaicinri &"d

ecncrally involve .minute details of internal process ntchaiiisn,

oojne unrfer thia catci'oij'. One inajor supplication of these ncdelB is
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that when simulrUi cn anr.lcc or hybrid tlisy can bo used

t£Gt, control schGr>i(.a or contr:! piccrr:^:^^o^ snd in that ser.E2 can

jre.-placo tl^ft r.ctr.?.! Turfnac^.
» '•».*,

2.1,1 proiossoi- Ilac-H end i,hiirs at

Ng^oya Uni '̂ciVitj-- -vapaii-, 'i-ave i..:izd :i of, v,".l-aE,^le papers

Z*8-10_7 on dyr.a.-^c coae^ U.'>* of -.Jl ccnvLrxr^.-. IhefS pap&r- con
tain s, v^ealth'tif iiifnrdji, c.--ovt. the. aprjiicn'oility of fu-.:da-

nehtrJ ..-hc.'.ac.a 'U'l iru-.al?--r_^icai —lrxi"l-s j.ctaal jrocessss.

Pased on tri-. rr^r.ution r-rchrr.lT.; LH conv-r'-ei, this model predict?:

the vari?.ticn of irxtal. .jt:pi/,;o.^it4.o-i tare., flu^- ana],; sia,

gas rind .Idj czuposiT:i.-r ct^. It -o.^uued -£hi.t a
paratiolic c?.vity is forcicr^ ny oxj-^cen jOitol Eolton met;-.!.

•Eie ratf? of o::ysGn aJSQrbc;d in the cavit?^ iv dttcnrdnc-d iissxn-.xus a

hi-h toBpcraturo ( 2/00=C) lay-.-r .'.tc-i,at the cavity

surface, I'lo;^ of tho reaction..•^nsem-.ed "io occur in this none.

aJistribution o:? o '̂-jen bitv/ocii clc=ir.cn-:^ (C, 5i j P, &PoJ
depen^lE'./athc av.^lr.ble"donc-^r:t-tirii,.of the .f.lcD£nts rnd their

affinity with oVyg-on. •.i.niQ c7iF,flc.lutipn in t!-. i-Ie^s if. dEtc-rpiii'iod
""ass^in^- a'CaO aaturatsd ^ tho givon. bath tcnperature.

The r.odc'l h?.a tho vr.rtxe pf bfir^ tr-aoly General cjr:d

dynamic. 'iTr-.si cc-nditioA o: any-variable z-.t any instant of ti;.-£ csn

be predicted, fron 5ho noirl Cor^pUtc mo^lcl con^.isxE of ovr:-r 10G
equations includirc. sovc-al nonlinear dif< ^rc-ntirJ equr-iionr . .low-

ever, xh« nodsl nerds to hi fu.7-chtr Dimolified D-d linc--.riaoJ. If
c'-.mplex c-id cor-.bur'ioiiia CLilcalctiona art; to bo ^.voided zc, -,^2 .'X-vdJe

coirputer tirio.
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The greatost objection to Kuchi's approach is

that in an actual furnace, reaction zone ic no't linittd to the

cavity surX-acE., but it aloe extends to cla?-rictal intcr|'ccc,
_V

metal droplets surface ttc. The total area of reaction zone thus, be

comes several times the cavity area. Ihis reaction zone is consider

ably increase:! by inorcas-jd CO ovclution. Another linitation is that

the 03cy'~en abaorbe-d by sl^t; (v/Mch if in cxcess leads' to slopping and

considtrably affccts thf d'_cr.rburization rate]; has not bc.cn considered.

Moreover, this nit allow cori'ect end point ter.pc-raturo prediction

because a comnon practice to raise the end point temperature while

keeping carbon ccas-;,ai-.tf is to raise the lance so that rlcost all

4

oxyg'fcn is absorbed by slc^' only rnd heat is released by oxidation of

I'eO to FqjC^.

The validity of the assumption of a hi^;h temperature

zone at the cavity surface has been questioned by cany including

Meyer

2,1,2 This £'^_y is also a reaction

cechanisn nodcl similar to that of Huchi. However Goel et al
✓

rejected the hot spot theory ?jid use the following euipcrical rela

tionship to detenuin.- the oxt/fjen available to bathj

Bath oizj'sen = Lance 'jx-^gen (l-Exp(-K--dC/dt;]'

y]ic-re- K is a positive constant and dO/dt is decarburi-

ZEticn r^.tt. Thus vhoh oarbcn re;::OV?l rate incrcascGj it causcs

C-reater CO evolution with enhcjiced oruulsification of rae-tcl arid the

oxjjen absorbof". b;/ the batii increases. This is obtsiinod fro;i above

eciuatitin also sinco dC/dt i,'-, a nc;;at:Lvc quj'ntity.
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The- dissolution of lime, linectone and iron oro. has

"been £issu.".'C-d to fc-liow ?. iitgc:tivc exponential riite;

dv/dt « -r W

w';iGro V is th^ weight of undissulved lirac, liracstcne, or irori ore}

r is T- uositivc conctc^it. The authors hr.vo mr-de no attccipt to justi

fy this assur-ption.
r

- Goel et al also lunrin silent coout tliG aiiount of slag

oxy,T£n v;hich is f.n inportant vr.riafclt r.s discussc-d above,

2,1,3 Model ;prox'0so'l details of the.

model have net been pulilish^-d, howeverj as reported by the author
* V ••

Z"12_7 their aodel consists of 40 sinniltancous first order non linear
oidinarjf' differential equation and ?. siDiln,r nuiaber of alijehraic

equations based on reaction mechanisiu. This model was originally

developed for LD-AC proccss :nd it has been successfully- applied to

LD process. All reaction are assiined to occur at interfaces between

slagj cietal a^d/or gas phases. The rate detcrmininG step is there

fore .that of diffusion of reactant species to the phase interface at ,

whicli the reactdbns occur fro^i within tl:c bulk phase.

i;:iportrnt ir.provenivnt over IhicI"J.'s -r.odel is that

the'ir nodcl contairPan expretision vjhich rJ.lows the interfacial area
1

to vary accor'iinn" to the .'egrec of turbuj-ance currently existins-
«

Tae lat.ter is i-oiatc-J to the rate cf'ev-jlutic--: of co.rbon nonoxide.

Also ii-.cladc.-, ir.. u.e K.^tlel Is a" relr.t.-.onship which govei-iKthe distri

bution oi ox^yen between alrc snd netra }hr.f:os as a fup.ction of the
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lence hoin^h-: ana the blov/jni:, rate. Furthers since the moid wcvs

developed nrdnly foi* cccii-utor con-';r&lj Bcvorul conplex equr-tions ob-

tcdned fron i.hoor:,'' hr.vi. bcu.i liner.rizcd u:) rtrluce ccnputcr tine*

2.1,4 CliBI-'Oxyive^- I>i&tributic.n.n,'l'\ei:F:oaoarch9iE at Centre National

de Rccherc'ics rictr.lluz^iqucs r.rc natively workin.:^ on control of LB

converter since 1?62, with tht; final ?.iin of rcdizaticn of ?ji optimal

contrc.l schciae for it. Tlic;- 'hc.YC\tri(,d several approaches to thp

I'joal, ' lliiit-s and Dcvinis yf"l3_7 havL proposed an oxygen distributii)H

schoEe. The iiain r&acticns considcrc-d by -then are oxidation of sili-

cun, fomaticr. of CO and CO^ in the veccielr oxidation of iron and

evolution o. sire conpccitions. Eie total oxj'jen flov; is assume^

to be disstributed into three parto;the oxy^rtn combined v;itli cilicojn

carbon and iron A pert of oxyjcn already coKbincd with

iron can-reco/Jjinc- with carbon as shown in ilj. 5«

UiC o::j''sc-n leaving tht Irnct- is supposed to roach

successivGly fiur uictritutin^' cGr.tres C^, and as shown in

Fig. 6. At oacii centra flovj is dovidtd into two parts depending-

on several variH,blc-.E like Iciice height rnd total oxj'j^on flow, line

dissolution cposc". physiccj prcperticfs cf sla^ and t^/pe of slcg

and evolution of the bath te-.ipi^rr.tare. They have establisJierf the

followin.3 relrtionsMps between various partiaJ. flows:

^CCv
£.

D®,,.
fji

f, (t) Ln D'

£./X- fJ «• (>-^Si-5^ip//
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. fjd; f rj« (a BV'm/

.n - f,;C^: K ^ (FsO/l- -f/ ;k);

whc-'t! B". = P?.rtic:l oyyT®'̂ flow rrto u.sc-d for i (Kg/SocJ
i , ♦

. ' =» "f oxygen usc.d for i

. ^2

B Lsboo hei'jij-t

= Penotr£vtioi^

= I^ctci slr/r interfacicl area

Equilibrivun constant of the reaction Fo + _0 = PcO

f is a pr.rcijicttr.

•The sl.Tfi- cbnpoGition is o^iv^n "by

• d(>-o.,o; / dt . rjCT.T.P) <> (p.c°o°'̂ - 'Scir- '̂
* - Jicao)

fenpcrical functions f^^ ..., f^ arc- dctors-iincd froa experimental

data.

Theoo c'uperiocl T^iodelo have central liaitation in that

they cannot be used for oth.-r fumaccs and if sc. required, coreplcte

oxpcrir/iont.^tion and derivation has to bo rcj:c.atcd. Moreover, enperi-
I

cal equation /.:c.y jive a good oorreaata^n at one plant vliile at

another plr^it they uay not ^iv; acceptiblo corrolaticn. In other

wordf rcprociici'cilivj' of ci.^xriccvl r.iedelp. it; Xiir.ited.
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2,2 Hec-surer-ieiit Those r.odcls ?.re different froza re

action Dech::niE:j ncaels in that tl-.cse do not involve nuch of internal

nechanian of furnace reactions. The sole nir.i of these models is to con

trol the f-^m:ce djn&nicclly r.nd these :::e.y or nay not predict all

the variables in the process. Tiiese c.odcls s.re in general very

simple in structui-e and m?i:c uee of'"contin-aous aeasurer.;ent from.the
«

process such z.s ;cas ai:alyais, bath tonperature, f-mne temperature etc.

Per these rer.son.", thes'. noAeln are also called 'Control Models' or

'Eactemal feature iLodels'.

2,2.1 Pu^.'^ii's_ Decarburisation Ilodel i i^ioii et al of SuLiitono

Hetal In.lustriep Japan h.'ive so. fgC'Sted a very fsiaplified schene

obtained by approximating the decarburization curve in a trapazoidal

foriii as shown in ilg. 7. refinirg process is devided into three

blowing periods v;ith decarburization rate follov;ing the curves stated

belov;;

First Phase ; Silicon Slow s -dC/dt = K^t

Second i'ha«e; Carbon '.Boil, s -dC/dt =1^2

(Pliird Phase j Pinish Blow : -dC/clt = K^C

where K.j, and arc constants dc'tei-..iinc-c'. br blov; conditions such

as oxyjjen flow rate lance hoi;];ht otc., t is the tisie and C is "the

carbon content.

It v/ac fouiTl that the most accurate and aost reliable

wa-y to cr-in"'.rol bat'", c.r.rl-.-r. UDi ng decariuiriztttion nodel is to control
V

the time i3 to the enu of the second 'olowiu'-: -'oriocl or the tirae of
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the third blowiivr period D£. Since it is bo.sed on relative chance of

docarburization r?.te 2^id the absolute v&lues are not so inportant,

the transition point D can bo Jotected indGpoiidently of the error

of the mep.surin:^ de.vices. _ ^

-dC/dt » KC

K ^-(dC/dt) r:.ax. / (Cd Wd)

2.303 "
0Jid t =: 'loK

K

where C_, C„ = carbon contiint r.t t:;e transition point D and
D xj

end point E respectively

Vjj" = Vfeight of netE.1 at i;0int D

= Tine frorj point D to the end point.

' • Tims if the carbon content of the point D has been

given, blowiiii? tiizo 'can be calculated as soon as rafinirjg passed

the point D, ' •

This aodel hr.s t]iO virtue of bci»v extremely simple.

However, in actual practice, thfe" cecarbupii^a'tion curve ic so much

nonlinear raid fluctuativic that it is difficult to identify transition

point B. This \mcortr.inty toj^cther with cvcrsii-ylificd equation for

dC/dt lea:l3 to an inaccuracy in control.

Fujii has alpo rjic'CC^tcd a, tcnneraturc control schcnc
♦

on the basis of dscarbiii-aEation iiodel. Lcv/'-vcr, it is highly static

in nature and accuracy ol-t:j.ncd ic fcxpoctea to be si:-ilar to tliat

obtaii:c-d frori v :Tocd control iAo-r.el.
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2,2«2 I'adel ^royosed oy fet r.l: ihey havo u£:ed c-xliaust gas

analysis v.rA flow rite neasiireucnt to ci.otornino the br.th conditions

continuously during the tlov ••ell !mown principles of heat

and mass 'bc.lwicc have 1-scn used to predict bath condition from gas

analysis r.s follo^.-os

Lccarburisation rate^-dC/dt = K Flow rate of (Gl'+
CC^]in cxhe^ust gasos^

Slc<: o:^-;:-c-n = Lr^.ce otycen + oxy,rcn from limestone and ore -

Ox:;y'ee-n used for CC- oxj-jen useO. for C^-

oxy^en in dust - oxygen dessolved in sietal

weight of bIp^ = constant * (slag oxyfjen) +

weight of excess line

Total hoat £raii-Cc1 by cetal =»-Reat £-enoratad "by forniation of CO

+ Heat ^renerated by fonaation of ♦

_ - Heat £'ainc^- f roa PeO - Hcr.t lost to

vessel - Heat lost through sensible
f *

losses

Units of carbon renoved

Carbon reniovr-1 efficiency «»
Oxi'5^en delivered to the bath

= 1.33
Ifecarburisation rate Sg/min/

Lfinco or^ygen Kg/min,.

!rho slo^i-ii'C is due to rai:id dccr-i-burization during

transition fro^.; silicon blow to cnrbon boil. Therefore, the dcri~

vative of tl.o docr.rburisr.tion rate: is a fc-cdback si;7nal to rcduce

oxygen flov r-tc- aitd control slo/pin/cr« fcrii?crc.turt! of t)iG aot-r^l can
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be calcul?.tcd fron totsil hoa.t ^rlned and initir.l tempeiv.ture. At

carbon below 0.25^5, following relationship is obt.?.ined btitueen br.thcc.rbon

• £md cc.rbon rcnovsl efficicncy by cr.rbon/o:;;'Gcn cqi;iiibri;un:

^ C in-Bath = 0.0^ EXP (0.C26 * CRE)

Iho nr-in disauvrj^tcce of e:.:h?.ust sas enr.lysis approach

is tine delj?y,'oc.used by sas novwafeiit, criipliriff, clcc^iiiji';, and ana

lysis dependi:vj uy.on the position of the Sdiplin^ paint and quality

of instri;xientc.tion. The dclry i/.n:/ be- 20 scconcls to a fev; .riinutes.

Considering the fast dyneir.ic& of" the procobS it May cause unaccepti-

ble error in results obtained.

2.2.5 ClsPJI Fuufe T-:!r.T3&rat'aro Model; Tlie Daraplins difficulties end

rather loicj response tine and problenc in obtainir.;^ the required

accuracy; fron gp.s analysis nadc CURIl researchers to find another

approach to the control of L3) convcrtor. They oxperiiiiented Kith '

fume obscr'/ation cells, ?-.easuren;ent of -.eiiiperatuD.-c: in the hood,

the sound recording, ti^e temperature inoido the lance'etc., in

order to dcterninc 'thoco vhich were Liost appropriate to the dyua-Viic

control. The sirr.rlioity of furi^i- teriperaturo mcasureacnt rjid the

fact that the themocouple v' " hort rt;spcni;G tiiscs can be developed

are the factors -..'hich encoura,2:c.d thc-Li Lo use this jneas-^reiuerit as a .

.neanscf achievii-^ autor-utic control of the blo\;. '-illes md Dennis

havf, derive:", rclationiihip of tUo follovdng' fon.; bctvrecn

furao tG7j'ocratu.re snd ."iccall.uijjical reactions:



Dccarburiza"tion rato dC/dt

Oxy^J'en "tice5 for ccrbon

trans-fc-rcc! to slac

CO )

•f ~ CdoT'̂ 'cc^)where X
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^2 tV .

(x^) + (x^;

Lcoicc oi'Cj'oCn - dxyjen used for

caJrlion

in exhaust gases

= Fi'ino tGir.perature •

Co:.iplete derivation of above relationships ?jid foms of

fxmction given in their janer, ic aLnioet constant and

lies, between 0,7 and 0.9 durii\v ~ost of the blow. For a sLvon X^v

it is evident that the relationsl-xir bctv;een dC/dt and is.linear.

Hilles snd Dennis-; have a].so foxmd that clecarbarization rate as

calculated fro:?, s^-bove equation ie" liardly influenced lay absc-rved

variation in X^ as shown in Flo". 8. Hovmver, slc^ conposition

prediction is considerably af-ccted by vc.riation in Honco ae^s

of cheekin<r ani controlins: X^ are isscnxial. All otiicr factors being

equalt it is Icnovm that is a far.ction cf tae Icjice hoi.£ht.

In e. rocent papei* Voll and itunelat have reported

the-resultr. of application of this technique to the industrial, con

verters ciri'I-cori^l.T.rod then -./i .> chosL obtained from ;7as rjic-lysis as

shown in Pic. S. •

liiis nritho-.'. "thoujh facltr jas analysjit? still

suffers froa the f.lrawbr.c-: th^.t it requires frequent caliborata'bh of

theriioccuple O.ata on the baeJ.f: of datr provided by eidiaust br,s nn?,ly-

siE. Horoovc;-v the fume ti--i;'.x-raturG curve- to bo followed is dij-j^erent

at different plan'-.b jDin'oc it rleyc-r.dr: oi: typo of fime collcctins: hood

and the inter.utc slaj.
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2.2.4 J & L ilo^el: A Ici^e mii;;ber of pr.pcrn on LD converter control

has "been published by reccc.rchc-rs at Jones end Laucjhtin Steel Corpo

ration U.S.A., in the period I56O-1969. A good sur.;nr.iy of these can

be found in 1S_y. Tor liigh carbon steol ( C> ) they use sn
%

integration r.ethod to estinate carbon fron £;ao analysis ?jid flov;

rate. Tiie Ip.f^v'tr is r.eteznined inilircctly fron tl.e power required
* /

to drive the induced drCuTt fah«

C(t) « C - — dt
dt

= Cp - K (percont COj, (PrJi K.r.; dt

where K is a constant to be determined euperically.

For low carbon steel, a curvc fittinc technique is

used. A variable kno;m ds specific decarburir:ation rate is defined

as the quantity of. carbon roaoved pez- unit of oxygen blow or

Decarb^^risation rate

oxygon flov rate

!<,'T)iccl patha of 0 vorsuc C the last phase of the

blow are choini in Fi-s* 10. It can be reprc-scntei" by a function of

the foi33

0 » a - b -5^ KXP(-r!;c;

•HiC pc.rcu:icters r., b and r arc-detorsnined on line.

It has been clt\iT;ie"i' th^'.t .v/hon these paraucteri; arc osti::iated for
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an individuel heat, the correlation co&fficicnt is in excess of

0.9S. The G3.iount of o>XT<-" 0^ required to redaco c5.rbon froa to

C2 ceJi "fce cr.lcv.lc.tfvd r.s foilov.'G«

v;hcre 0.

=1 - <=2 1
+ In

a r c. 02
L- "b * Exp(- r C^)

« a - b * Exr-C- r «• Cg)

A sir/.ccr then -couple is used to dctc-minc the tempe

rature dv.rir«r the blow and final tcnperatu::e is estiinatod as followD

/"zoj
Final Tenperstv.ro = Measured Tcraperaturo

+ Heasurcd Tonpcrature)

* Volu-L-ie of 030'~cn blcvm after

tG:3XJcratu.re nioasursnent.

Corrective action is -.iGtcmined in the light of this

temperature; For e^.-Tiplc, if it in realized that the o:o^s°n requi.:e-

nent for carbon will result in too hi;3'h a finrj. tcniptraturc, the

required quantities of coolsnt can be added prior to the end of

tile heat, Altomatively if ''he fin?a ten-ei-'aturc is too lov;, extra

volui-ies of oxy;-:en ca:^ be blown ovor and 'aboVc' 0^, with the lance

beirvT raised say 10 inchcs just befoxe 0^ has been blown. This

causes a ' rlp^ blow' niid teW;.'C3.i»rurt; is '_"tj.ncd at pIjuosI' zero

dacarburi zCvtiGu rate-,' larfcly by converti;!,'; slaff to

BO that yield aoa6 is irdni-iiv^ed.
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2*5 Cor/brol 'Tuclinlduea; Lr.i.'jc'l iloclels: Tlioxi^h most of the

r&cf.£rchers v.-orkir.^- cr. -iuto:. ctic contrr.j. •.i'.Li ccnvort::r:-ii3iizte

that their find c.in is tc obtr.in optinal control of LD converters
so thr.t d&sir'^C results cnn tfj obtaine'.": vith r-inir-i-um cost, ii-.erc.

arc vcrp ft-.: p^i-crn d<.r.lin.~: •,.'ith ayplication of mo-fcm control

techniquoc. to control of LD converter. T;j.s p^.rtir-lJy be due to

highly nonlincr.r proccsc phcnoacnonj noit;y ;.;c'jtsurer.fcnta a lar^re

number of zt-itc vai-ir-blcE ir. •r.c--ue.l i^-rocctc. Soae initiative h^s

been tcicen by Cilril'I vzid. Syetc;- Control Inc. zr.c. tl\eir finciR,js are

briefly diccrfJSoO bc-lox-r.

2.3.1 CliPJ'I 'Jr--nsfer. J'anction /i-:':rogch: As tisrly f.s in 1568,

Decker hnl repcrtcl ^2-1J7 CNEM is atudj-in? about tlie identifi-

cp.tion of tho LD process. However, tho .'irst results of; -their study-

have been re-sorted only recently by VoIj. /~22j7.' Tlae three variables

studif.d ^v'ere oxj-^j'en flow rr.te, Ipnce height r.na dccr.rburization rat ,

The blow vas ccvidc'^. into sevcrs-l periods r.nd they conpared tho

relative fir:licr.":;lity of. the foilowin,:; two fozrn? of trrjisfcr function

in different •"^c-riods. „
.. , K e °

First order filter typo ; H(s) = —
.. 1 + T s

•T, s
Second urc'cr fil-.tr typei H(s) =;

1 + I s

K' e~^d ^

1 + 5' e

whure E(s) is the tr^jisfer f^.nction be :v;cor. docarburization rate

(dC/dt) either orcren ilow r?.te vjO^ or lance height liL. lOi'.cli

t:/pc of ir(s) hid i-ts fivm i erits srJ. douQrits di;ri:v; 'liff jront periods.

An i:.i,r- of uhoir :\p;.licr.bili1y can be. obirined fror 11.
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?.3.2 ^del_ PrciiQsed by Wells t:t al; Wells, Visner and

while' voiiiiiE v.% SyEtcmK Control Inc. have invcsti/jE-ted the £.pplicE-

tion of oE-i;ii:!ation "&rA fil.criiv; tcchnioucF to the LD convcr-ter

process cc;:rvrcl. Awealth cf infoii.-.atior. can be found in their

paper Z"23j.. They opine the.t the LD process can be considered tb

have tv:o S7;r.tE£ (cnrbon r.nd tcn-7c-rr.t'a.rcv a-'i tv;o controls (L-Jice

•height and oxy^jen flow rr.te). The control obioctive is therefore to

detemine the best estimate cf crrbon f-n:'. tenpc-raturc' in the real

tine and to terj;:inato the blciw v/hen the iosircd state- is reached.

Thev have ^;roposec\ a two sta?*- vlynfcic ."..o;.cl for <3.ecarburizai-ion

rate, based or. -jaste output data, for carbon boil and finish

blow stagee. -The unknown pai'ar-iotc-rs- of the nodel are estinated

online usinc ffieasured clecarburization rate*

Since there is a transport lac "between <;aste gas

iKeasurcnent and current bath conditionj tiie decarburization rate is

predicted a head of "the tine to account for this la,-;- The measure

ment is'noisy due to instrxmentation and calibration errors and

hencc it needs filtering:. It can be exprossed as

• Z. = d. „ + V. . • . •
X i-x i . •

dC.

d. =
1.

where = i th .ViOssureMent of decarburization rate

d /cturT decarcurization rate in the bath at time i-"E
i-t

- Stationary aero mc-ar: {-^aussian white noise aequcnce

E(V.) =0 S(V^ V '̂; =• 1' £ ij
C = i':iou'. carbon ir. '.he bath at tir.e i

i '
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Model of CE.rbcn Soal Ph?.sc ; Ihis .phc.se; extends nonrrlly fror. 5th

minute to 12th :;iir.-.itG of dIgv/. By occervi^^- the autocorrelation

fui^ctions of c-nd of incrcuonts i>Z^, etc. (Pis. 12), it was

concluded that a .scoond oi-'itr model of the followir<j tyrse oan be

used

= ."i "i

n.^1 = a ^ v.

when E(vf^.; = 0 eCv;^ w^) = E(v;^ Y,; = 0

Tho paraniKtc-rs a, q and r are eatiniated onliijc fron

the autocori-c-lr.tion fxmction of DZ^. AICalr-an filter c?ji bo used

to provi./.c- the best 0Etii.;atc of actual decarburisation rate d^

based on observation upto tine i.

Model of Finish Elcw Phase : A d&ter.-ninistic ciodel proposed

earlier for this ^hase had the,form
4 '

v;here ,• and are ccnstcjits, V/ells et al included etoohSiEtic

behavioxir in the r.iodel by v;ritirij it as

i = - d Kg - d) + n

whore n ro;irosent3 a zero mco.n random pr:;cc3c noise related to r
i

in tho first czvy^c.
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In state voctor fciv. tljci notlol bccoi.;oe

M - ==1 -^2 - x^) + Xj

Xg = 0

= - J 3C- + U

where = d ", i = n

u = whitu rrlse.

. An &y.tend.e-d Ivalniaii filtc-r V7r.s used for predicting "the

deccrburizp.tion rr.te T sainplino inttrvrds ri:or.d of t5.i.;e.

'jJius Veils e-t al hcvt. opened ex entirenew direction

for rcsop.rch in the field of ID converter control. No similar model

hr.s yet 'boen propose" for dccc.rburizr.tion rate durinij silicon blow

and for tc-inpcrr.turc control,

III. c.racLusipi:

Coraputcr control is a munt for precise control of LD

converter. One important stop'in £ir.y coaputcr control proo^-ct is

the cTfevelopriait of 3tr.tic cikI dync;::ic of the procoss. Ilynainic

nodels pro;,.on!od till todato can be olr.ssifitd into three cctegiorios

viz., rr.odclR bc.sed on reaction r.icchani.s'j!, pcr-surement based niodelc
t

find r.odels usin^" ncdem control en^'incerii^';- techniquut. 5?here has

•been a vciv li-Mitf-.l v/oiic in the r.pplicr.ti on of codcrn control theory

to liD coviverter control. "However, future.- "jrocpccts arc bright since

scverr-l m-iearcherr.- hr.vt started api^rticiatin/: its nocr,''..
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