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妇 哑 t．Bc缸g曲md atBOF( oxyg~ mace) whidais cc功 胁 d，hasmmy妇c iDm矗矗ngthe 

劬 血 ，andis dI伍础 to bememm~d co口li皿叫dy and a。咖鼬 ，the衄 由删 蚰 control b酬 舶 the sub- 

lance_岫b∞蜘 is 0p∞。d．TheB0F曲 蛔珥danⅡe and衄蛔 伽删 啦  嘣 肪。dbylJ∞ ofgraym and艏 I|l 

ne cc皿 地 ∞． barn 恤 ，theRBFneur~ne js 雎 瞄她 model，andtheoxygm and co31mt 

口gthe re~owm  埘 m 删删  fI us蛐眦 ．A 180t~onver~ris ul啦d．The rcmlt~ thatthe 

methodis effev~  

1 w皤幽 ：B0F gteelma]dn~；血e】】 。0曲d；∞ conU~ 

Doom  code：A 

转炉炼钢智能动态终点控制 
谢书明 孙廷玉 柴天佑 陶 钧 

(沈阳工业大学电气工程学院·沈阳．11oo23) (东北大学 自动化讲究中心·沈阳．1l000~) 

摘要：针对转炉炼钢过程复杂，影响终点因素多．而且难以进行连续准确地涮■，提出了基于翻棺检涮信息的 

智能动态终点控制方法．采用灰色模型并通过神经网络进行补偿对转炉炼钢终点温度和碳古■进行预报．在此基 

础上．以RBF神经弼培作为预设定模型，通过模朔调整确定补吹阶段需要的氧气■和加入的冷却剂量，并对一座 

180吨转炉进行仿真计算，结果表明了该方法的有救性 

关麓词：转炉炼钢；智能控制；终点控制 

1 lutroducfio~ 

Themdpoint commlis∞ 栅 t operationin the 

later period of BOF 蛐∞hI出 IIg．The so-called BOF 

mdpointis the motm~t at which the molten steel t~lno 

paam~ and compositio~teachthedesire valu~．Becmlse 

0fthe progress oftheBOF ∞h岫 g mchno]ogy，山e 

即血．0im control is m娜 to exm~ol吐le ead~m tern- 

paam~ and carbon cont~t．The inaccmam en 吐 

controlwill 山e dI1gfxme，reduce山elj血ng 

life,increase the Jn曲aI cOn飘Ⅱne and influence the steel 

quality．BOF ∞ 岫 g is a very complicated， 

temperam~andmany phase p1】 aI．dHn process． 

Thele aIe many factors to influence the cndpoint，and 

a nefactorsⅢe dLfficuitto be desaibed quantitatively． 

Sinmltaneously，thetmlpemn~ is very high(mmetim 

1600℃)．and the environment is alxaninabl~in the 

smelting process．At present．thereⅢe m y k~lds of 

contimxms meaau~ raethodforvarious Idn出ofpb si— 

cal quamity，butthemostⅢeindiIectⅡ 乱哪 ，and 

can not achieve h pIec ．As a result，it tin gs 

axm∞0Ils di~culty for the BOF ~ndlmint contzo1．At 

ixcscnt．HKⅡe advanced contzol raethod is that the strait 

controlis cca'abined with the 0ynan~ contzol based ∞  

the sublanc~measa~  fbn城Idan in the worldL卜川． 

Theblown oxygen andthe added aux~ xy raatemito be 

usedtomb slag∽ de把 lin耐onlybas。d on r m- 

。o H 蚰 ⅢId锄 mng扭瑁etin山e蛐 model， 

and 锄y on is not made ．m 山e middIe stage， 

出锄湘 m 山e~ Ipomt hi岫 ratiois vefylow Req 

ly，佃 me缸蹦 needsmany曲  ．On me ba- 

sis of山e static cobol，山e d I锄 ic cob ol is to b 

hIan∞mBasI】∞mcntin mehH pc枷 and岫 nle 

t 岫虹l啪 i岫 ：钠删 by0 蜗e№lio叫 姗 sc岫∞-畸 I (69 4ol8)柚i0 National N'nm-lq,~”emit( 一船 一03一位) 

R∞ 嘲 ~ ：2000一Ol一24；R dat*：2000—10—31． 
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eadoo~ based on the measured infatuation．廿 e 

the dynsiDic o~nlzol is ml inaiso,m ab]e link in B0 

st~Imaking．The accuracy of世le dynamicmodelis di_ 

r~tlyl~latedto the endlpoint峨 ratio． 

2 Endpoint control content 

BOF st,,ellnak~ is n ~ ttent production pro。 

cess．Nxedinterval exists between 0ne heat and aQotlaer 

heat．It has gleat lag propea-ty，and is difflctllt to ac~ltl_ 

rarely andtimelymea contxolled variables．nlispro- 

cess has complicatedmac吨 mechanism and c．c~antly 

cadging ehlulleteaSs~ with time．Thereforeit hastime- 

vaxymg nonlill~rdlazaeteds~ and,x,mNca~ coupling 

re1．~alomtfip among the variabl~．The eonla'ol for this 

kind ofprocessis differentfrom al process contxo1． 

Infact，itis a contxol pfI出km of“optimizadon of set- 

ting ”．Theco~ta'olindudestwo conte~ts：1)optl- 

real eonla'ol of se咖 g value啦 aimed at technology 

index．The conla-olmodelfortheBOFprocer,sis di呻  

established tikln~aim at吐Ie o~ntzol for technology in- 

dex，andthe controlis realizedtl~rougtl eonlintl- 

ously。0 咖 and r~ ecting出c model~2)。p血Dal 

c~alzol of se砸ng valI】e being aimed at ecollollli~index． 

Itis a kind of higher level optimal conta'ol，that is，oll 

the basis of the folmer optimal c~alzol， the pa'oeess 

modelisidentified using吐IeWaetical dataobtaillodfrom 

出c pa'oeess．thenthemost optimal soludon onthe 0c0。 

llonlicindexis acquim tm曲 g use ofthemost optimal 

theory．At present，the method of the stalie conta'ol 

00l bi瑚ed with the clyllamie c~ala'ol used in the BOF 

咖dm is tcraetieally the optimal c~alzol of se咖 g 

valuetomeetthe need ofthetechnologyindex．It Call 

not realizetheoptimal c~alzol of sc仕ing valueforthe e- 

COtlonlic index． 

Tolealizethe optimal conla-o!fortheBOF蛐蝴m越 Dg 

∞ t，syntlaelical contxol strategy珊 Ist beused so as 

to reali∞ nxu幅 optlrniT．~tion．It includes two 舾- 

p0m：1)吐Ie c~alzol for one heat．on tbe bwds ofthe 

stllfie contxo1．吐Iedynamic c~alzolis added based 011the 

informationmeasured by sublaneeto eliminatethe p 曲- 

lem that static controlmodel Callnot accan t~lyd岍  

mine the c~alzol quantity．It is practically open loop 

conta'o1．2)r~f-leaming c~alzol~maong heats．TheB0F 

st~Imaking is a~peating pID(IIlcti、 pa'oeess which is 

v豇y similar among 0∞ heat and other heats．F_．speeially 

the difference betweentwo iacem heatsisI ．Sothe 

vari~lst~ lmt 卿啕虹 obtained after∞蚰p】曲，dthe 

∞城ng ofoneheat shouldbemadefullu暑eoftollflildi- 

thepm"~aeters inthe o~ntzol model and thedy- 

n ic contl'olmode1．The next heatis o~ntzolledtilrln~ 

adv~tage of the modified models．It is ml ad咖 ， 

self-learning pa'oeess．and bodjcstheideaof aⅡ 

opllmizltliot1． 

Let the objective value of the endr,oint t,mllm'am'e 

and calrbon content be ∞d CE c 由 ．It is 

showa∞ point A in Fig．1．When BOF ∞hla蚰 

leachestothe end~nt，ifthemolten steel钯∞ 啦  

and calrbon cotltent ellter m 砸髓 ncaf口0缸 A(the 

shack~iH'ea in飚 ．1)，the objeetlve is hit．When the 

mainblowing stag*ends off，the molten steel m l~-a- 

骶  and calrbon eonl~ tCf aIem∞ 捌 by sublanee． 

Itis r,howa as point B in Fig．1．So the dynamic∞d_ 

point contl'ol of the BOF 。elIl强虹ng is l,raetically tO 

transferthemolten steel sI锄efrom pointBtopoi．tA．In 

the later 捌 of BOF s扫，e 磕 1g， the moltlm sted 

蛔叫pe re and calrbon c．ontcntm moved a,xorc~ tO a 

deflDi~ locus．W hen themolten steel汩珥 a孤Ⅱe 

and calrbon e~ltlentmeasured by mIbI柚 ∞ m insidetwo 

embracelines，thed球 wouldbe hitbyblown suit- 

able mnDI皿 ofoxygen．Ifthe molten steel t,mllm'am 'e 

and calrbon contenlmeasured by sublan~ are notinside 

two embrace lines，the objective would not be hit by 

blown any oxygen．An 栅融 method must be taken 

to a l】sc pointB into embracelines．In gcn耐 ，a suit- 

able,~allount ofcoolant or c cbonpowaeris addedinthe 

molten stee1．,x,orc~gtO specific situation． 

砰 

～  

Fig．1 The changing locus& the molten 

steel temperature and carbon content 

Inthelater period，themosttoert ofiI|单 lyinthe 

molten steel hasmm ．Thellg~tioIlis Jm妯 ∞由． 
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The dag comF~tion，the ra；~i．g 嘲)a vao~y 

and Ic lcing carboa velocity of曲 molten删 印一 

pearIeg口l ．So molten steel carbon content 

andta∞pe咖 m may bc6=scribexlby followmg cqua- 

tic,is[ ] 

c：Cc+~ln{l+[exp(生  )
一  

1]exp[一警( 一 +∑ 

r= + + 一 。 (2) 

where 

C，Cf，Co—carbon COlltlmt(10一 ％)whm blown 

oxygen is Vo，carbon content(10 ％)when main 

blowing stage ends off，carbon content(10 ％)at 

blow~ ultimate stato； 
， 一 the quantity(NⅢ’)of blown oxygen at 

anytime andthe end ofthe∞ 坩Ⅱg； 

一 tak吨 oxygen coefficient( t)of f血 

coolant； 

一 weigIlt(t)of 血coolant added OutingtheIe· 

blowingp 0d； 

一  igbt(t)ofthemolten steel； 

口，口 一col∞觚 ； 

r，rf—molten steel蛔 锄 e(℃)whm blowo 

oxygenis Vo and nblowing stage ends off； 

y—rai~ng t自叫 ranIJc c~2[icient('C／m~·t)； 

一 rai~ngt目珥啊锄叮c。om伽c(℃)； 

‰一cootmg c~．．fficient off血cooler(℃／t)． 

Frtml。c adm (1)，the modful oxy$~ 曲 ng 

血或sublame m∞ Ⅻ咖 to 蛳 血 may be 

easilyfound 

△ = ll1{【exp(量 )
一  

1]／[exp( )一1]}一∑6 ，(3) 

where A 一blown oxygen(NⅢ’)；Ce—曲e lllolt~l 

steel carbon conte~lt(10-2％)atthe~lxtl~ t． 

The BOF由rII艇血 -dpoint。0 ismade吐I舶ugh 

reblowing oxygen and ad幽唱 coolant b l茑e ofthe in· 

fonmfion measured by sublame．A“Oming to the 

∞ l血 oondi~ion，sometime a small m 皿 of~llxil- 

im'ym劬嘣 is add 一It haslittleinflt~ e Ollthea - 

p0int．Thereforethe BOF由m锄ic即却 吐control is a 

two-in~ t Ⅸ％ ，in which the i 疵 quautity of 

the reblown oxygen and weight of the add。d coolant- 

and山c out[xlts a圮 molten steel把田 咖 e and carbon 

Fig 2 BOF dynamic endpoint control system bascd oll intelligent control 

3．1 Predictive model 

TheaIdp0intixt~dictivemcxlelfortheBOF steelmak- 

jngis established byl of graymodel and neural net- 

work oq∞pens蚯DⅡ．The pl Iic时vemodelincludestwo， 

i．e．the lxt~dictive nmdels of the etldtx~ t temlxa'atme 

and carbon content． 

Let the lXaCdcal enalx~m temperature Of carbon ∞n— 

ttmtbe ㈣( )(i=1，2，⋯，n)．Toe6M(1，1)model 

ofthe CndlX~nt mp芒衄nⅡe and carbon c0咖 tmay be 

established∞c0Idingtothemethodtomod gray sys- 

efⅡ【 J．The enapo~ 怔射脚 n血|Ic and~lbon cont~lt 

may be嗣】cul删 b u∞ ofthis nmde1．In a 8c璐e，the 

GM(1，1)model reflects锄 ncemind ofthe nlm- 

quzmitatiw factors oil the 血 t，but出 ’t c∞ 一 

plet~y reflect p{ icularinfluencing e丘l鳅 Oil everyin- 

put．Thea【teI幢which ev盯yinput 圮nce Oilthe姗  

pcratur~andthe carbon oonte~ltis di ∞∞ ．and thein- 

fll 啦 ruleis IsD differmt．On妇  h汀h ，any 

kindof~oaenngmethod based Oil st ∞ is 

n0t capable ofperfectly。0m H|dingwiththe ac血al 
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value．The gray model is also without a【 ．It 

must exist a certain alllotmt of efIDr．As a result．the 

p1 Ijc墙m by useofltlismodel cxisls ei'ror．To raisethe 

1EIl'ediclJ"#~ precira'on． the model nnlst perf~ay eoiTe~ 

spondwith the practical value to the ullnost．This may 

be solved throuOl mo,tLfying ∞mpcm缸 g．In ltlis 

paper，the ei'ror produc~l by the GM(1．1)model is 

∞ pc 删 based oll the informationmeasured by sub- 

lance during the sbdmaIdJ培 p~iod byIlse ofRBF nell- 

ral network s0∞ to raisethemodel la~eision． 

A,~ontiogto graymodelingmethod[5]，theGM(1，1) 
model ofthe etxtpoint temperature and ca／bon COlltelltis 

obtains[∞ follows： 

Ⅲ( +1)：( (o)(1)一旦)e一 +旦． (4) 
“  Ⅱ  

TIlc solutionfcmrut ac衄 to nlc址 equa is 

n0t a咖al output硼lIle but Dgressive value(co柙e— 

sp0ndiⅡg to the data calculated by l of accumulated 

generatingq， oⅡ)．To obtainthe~tual value，these 

data丑Ie restored．Thatis，inverse acralmulated m 【- 

ing 吼 ismade．Tbeinverse accumulated genc相上- 

ing 0I)e疽a 0nis 

f (。)(1)： (。)(1)． (5) 

l (。)( )： (。)( )一 ( ( 一1)， 

( =2．3．· ．n．n 4-1，⋯)． 

Atter calculated the ∞ t 叩 eratllIe ∞ carbon 

c0n ntin吐lc~ightofthe above equation．the difference 

betweenthe calculated value柚dthe practicalvalue may 

be calculated cc她 tothefollowing equation： 

△ (i)= (i)一 (o](i)，(i=1．2．⋯，n)．(6) 

TheRBF暖 networks oftIIc即dl，0jnt蛔叫 ranlre 

∞ m the d】 int carbon contentⅢ am estab— 

HsI d based ollthe ⅡⅡm Ⅱ a翻删 by subla~ce at 

Ⅱ end of the main blowing．From equad0n(1)and 

(2)，itis Wn岫 tIIc endl~int mpefanlreis~elated 

to the temp∞ mcasIl1日 by sublanee at the end of 

themain blowing．an amount ofthe blown oxygen d 

weig ofthe~rledmⅨil malcrial山Ⅱ主ngthe rebl~ - 

ingperiod．whil~the日IdI t carbon o0n幢Ⅱtis relevant 

tothe carbonO。In既吐n a 删 by sublanee atthe end of 

themain bl 血喀，衄 ~aotlmt oftIIc blown orjgenm 

weight ofthe甜d。d au岫 raaterial duringthe mw一 

耐 0d．m 犯fore出e netw~k t∞ics 7 COt- 

fespc啦 to ∞ ∞眦 t of the blown yg∞ l 

(N )， 妞 (t)ofthe addedⅡI∞ 2，mixedm眦 

幻，iJon s蛔 1：4，0le奶．do 粕衄 ing出e曲 1 — 

ing p豇i0d and the嘣 I咖 s刚 ta 黜 Ⅱc 7(℃)or 

ca ~ tent ，(10-2％)meas删 by sublanee砒出e 

end。fthemain bl哪血lg．The hiddenIl0des a dc把f- 

m_med m∞u出 the缸|i【I_mg．TIlc 0Il 吐n0dc is 1 c Ie‘ 

叩0【ldiIIgtotIIc mpcfanⅡe∞ AT 0rthe ca 咖 一 

tent∞ △C．1beIle is rl~wnin Fig．3． 

6T 0f△C 

Fig．3 The neural network of仕 cndpoint 

temperature and cad)on~ont~lt 

RBF喇 IaI玎．船 is n0twei蕾l括but a radiaI b s 

fruitionfromtheinputlayertothe hiddea er．1k 一 

fore nlc oen峨 n0t y aIe di【。ctly relaledto 

吐lcmappiI capability ofthe ddeⅡ estothei叩旺t 

variables but alsoplay a veryimportantrolein出e 0le 

础帅帕 qlerty．The netw~k∞n畸 删 be r~ioml— 

ly detel s0∞ tomake input variables bein∞ 

in】p啦tam Ⅲea．In ttIis p印盱，出e Il￡粕帕 ∞n畸 a 

rithmt ．Atter the nc c即舡鼯 aI℃ dd￡ rI。d．the 

netw~k may beⅡain。d．The weights are adjmted by 

In lIls of r0 ve least s【ruaIe(P．LS)mee~dE 7。． 

Fromthe bD1，eGM(1．1)m RBF neIlra1 net哪 k 

nmdels，thefunlre heat pI 吐onforthe BOF即血，0int 

temp蔼 m 明 c~：mtent a 01止Iined． 

(k)= { (k)+△ (k)， (7) 

wlleIe (k)isthe calculated value(1≤k≤n)m 

。dic value(k>n)． ㈣( )is出e value ca ． 

ed丘。m GM(1，1)mode1．△ (k)is nlcⅢ obta．in~ 

from the喇 IaI ne 础  e1． 

3．2 PI 嘣ngmodel 

Tbe 髓e呖Ilg model is used to detem~ne出e blown 

0xgenwhichmakes cn却0int carb0n c~：mtententerthe 

goal釉 0n o0IIdi that no a∞妇nlis a|(埘
． Itis a 

RBF喇 IaI璀垃 D出．From equatic~(3)．it is 帅 

岫 ∞ ~aotlmt of 曲  Ⅱ islel删 to 

却 " 耶 却 
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nnl n s cI carbon c．4~tetlt atthe endofthemainblow一 

g，the goal endpoint carbon~onte~t，the added coolant 

ngtheteblow~ pc瘟Id andtheOttl~锄lxilia mate- 

ria1．1he xil鲫 materialis addedtomab slag．Inthe 

laI翦 perioa of the BOF 岛t∞ 壤 ng，making sla哆has 

c~ pletedb~icatly andthe日Ⅲ她 proce~is r∽ sta- 

ble．1heless xil鲫 materialis addedintheteblowing 

stage。the influet~e of it％ the~nd~ t tcmperat~  

andcarbon content is also less．Mol'eovl~Ibis influence 

has eomidemlinthela-edietivemode1．1he v~ety 

andthe amotmt of adding mIx．岫 material a∞ d岍  

mined aeeordlngtothe slag colxlitiol1．They a∞slill de- 

把 n。d by use of gc l meflaods which a∞ widely 

l鲥 at lln~ient．As a R ．the mmib~ ofthe neural 

netwo~ i珥，IItnodes 3inckldingthemolten steel c 一 

bollQatthe end ofthe mainblowing，the goal endpoint 

carbon eontetlt CE and the coolant IF,added in the re- 

blowi~ stage．Thenllnlbers ofthe hiddenixxles m  de- 

佃 n。dthroughtheIzaillin~．1he 印m nodeis 1 OOl"- 

Ie! ndi】Dg to m  amotmt of the teblowa oxygen．The 

netwo~ is shown in ．4．DE棚 m lIg the network 

。血嘀 andtmillinEthe neeaxlk m the sm ∞ the p∞一 

dictlvl~mode1． 

Cf 

cg Ap 

Fig 4 The feblow oxy~n ne【lr矗l network 

3．3 M 埘yingmodel 

Thel"l~lown oxygenis d‘：le面 ed by use ofthe p∞一 

8e出ng m0dd％ coodlti~ lhm∞ coolantis added．Hit· 

血Igthe 岫 血carbon~olllelltis pI．ml ily eomidered． 

The∞ 10im control also includes the control f the 

endpoint妇叩∞曲∞ which is reallnxl吐lr硼曲 ackting 

coolant．The coolant would take solne oxygen to the 

nxmm  stee1．Consideringtheoxygen．thetel~lown oxy- 

霉m calculated thro~ the Ⅸ model need to be 

adjusted．As a rl~llt，tIle modi句j丑g model inclades 

two．Oneisto detem inethe coolant．andthe other 0蚰e 

isto adjustthetel~lown ox-ylg~．Blown oxyg~ 唧 re_ 

d cthemolten咖 d carbon c：~ltetltand商scthemolten 

steel怔加D 砒毗e．On the 0∞ kmd， added coolant 

would reducethemolten steel螗田pt咖 e．Onthe oIher 

hand．the oxyg~ 口l口∞ by the coolant would illflucace 

the nnl n steel证耵邛a∞啦 and carbon 咖 自眦 ．o 一 

piing exists between tllem．allro~a ，it m町 

befound that the added coolant is k％ in gc ，the 

oxygen 口 by it is less∞ p删 with the rd~own 

oxygen． T teblowa oxygen has influmee 0n the 

han ofthe carbon content．1~eet ofthe m 她  

model isto adjustthe teblowa oxygenwhichis riot still 

blownintothe converter．As a Ie 虹，the哪 ofthe 

m0【H ngmodel to determine the IebIm  oxygen is 1 

∞ 搴spcndi]ng to AC．The added coolant and the I 

blown oxygen haveinfluence饥 the molten s d把珈p 

a恤 ．Here，the coolant is adjusted船  哦ed the 

oxygen everytime．Sothei珥IIItofthemodifyingmodel 

to determine．the added coolantis also 1∞0∞pcm曲唱 to 

AT．Adjus~ nt is made by use of f Izzy rules in the 

modj句j丑g model of both the reblowla oxygtlll and the 

added coolant．Forthe。c ∞ ofm0【H ng。o衄 l 

variables，the T-$rule【B]is used in the缸 a,ljus~  

rule． 

IF eisAf，THEN “ is蜥 ， 

where ∈ (i∈ J)is detlmninatefimetic~ 01"dc r- 

minate value butIlotf Izzy set． 

胁 n Fig．2，it is knownthatthe in ofthe 

mod model forthe teblowa oxygen andthe added 

coo1．at m AC = CE— c∞ ∞dAT = — I唧 ec— 

ti~ly．In 删 ，nle。o咖 l郦 for nle∞却0 

cⅢb∞∞n咖tis±5(×10一 ％)，∞d nle oo咖 l r 

fbf nlemdl~im锄  is±15℃．△C∞dATm 

dI缸 intof Izzy bset asfollows 

△C=tNvB，NB，NM，NS， ，Ps，蹦 。PB，m }= 

t一5，一4，一3，一2，0，2，3，4，5}， 

△T=tNit，lgN，NS， ，Ps，蹦 ，PBl- 

{一15，一10，一5，0，5，10。15}． 

The∞皿 啦 g m锄1b既sI卸 fbnc is in Rg． 

5(a)aⅡd(b)． 

LelAT缸d△c加anb目葛t卸 n be 缸d cIe- 

印ec ，use D‘tl蚺 sl皿  ∞∞ m酬 d，缸 d use 

呐 ∞n血emethodto defu~ ．AT删 △cm簋 bc 

缸 im is ∞gIllaf∞ in Fig．5．1、mn舾  
击r址ed砒∞chpoint，缸d飘助 of呐 m即 p 

deg~cis1，山耐 l呲 吐le oI of吐lef Izzy皿 lg 
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model oflhei~ ow[1 oxygen d lhe added cool；mr are 

respectively 

fAVo (△cc) ， (8) 【 
= ∑／lr(△ )△ ． 

NB NM № NE 1 PS PM PB 

- 15 —10 —5 0 5 10 15 

(a1 

帅 N日 Ⅲ NS 珏  l Ps PM PB PvB 

一 5 —4 -3 —2 一i 0 l 2 3 4 5 

(b】 

Fig 5 AT and△Cm~nbcrshipfunction 

An anaoul~oftheblownoxygenmd w~ghtofthe 

add自d cool~t have InO把 definite relation with the 

molten steel雠舶叫鼬 Ⅱe md carbon content in BOF 

stI，dm出ng．TheIno∞oxygenis blown，meIno∞ 

carbon contentis reduced．TheIno把 coolantis added． 

吐lIe InO把 mnOcrat~ is reduced．As a result．the 

adjIl蚯IIgnile ofnlcblownoxygen andn add。dcoolant 

maybc easily obtained．．Il 缸e showninTable 1锄d 

2msp~ vcly． 

Tabt~1 Fuzzy adjlmting n e ofn blown oxygen 

Table 2 Fuzzy劬u Ⅱgmle of n 删 ~ lmlt 

InTabk1，△Vounitis nomml me螬 (Nm3)．In 

Tabt~2， unitist0lI(t)．TheyⅢe all 帅s删 va1． 

1】e perh目吐．To obtain adjum~ t vahmperton．吐 ad． 

ills加蝴ltⅥdI】e p盯 h目吐 n。0凼 to be divided by 

mo】咖 删 w蛐 ．Wlmn吐le怔埘p豇砒u∞cakula船dby 

pmdictiw modd isl than吐 g0alt自∞pefanⅡe， 

coolm~ should not be add。d．hIb x 哲 吐 blown 

oxygenis calcI by use of n 目晌 g modd on 

conditionthat no c( Iantis add自d．Sowben△Tis p0s卜 

， 
is 0intable2． 

4 Simulating research 

The pra~cal data of60 heats ofa180t 0 州a巾 in a 

facto~ 缸e simulated．inwhichn dataof fonn~ 35 

heats缸e usedfor~tabllchlng n edict modal ld 

吐le pI ngmodal， othex 25 heats are cakml~ed． 

The hiddea nodes ofthe neural噬怕帕fkto be used缸  

c0Ⅱ叩 n are 12．The hidden nodes of neural 

network as the pI嘲 model are 7．Both n l∞  g 

m嘧 Ⅲe ^ = 0． ． Both enDr ml 缸e 

E=0．001．In simulation，妇蛐 the lj ve model 

and pI ngmodal aIe established adwata~ of 

吐le sample data，Scccn~ythe~．blown oxygenis cak~u- 

by the ng modal raakln~ use of data 

measlm~by sublaa~ ∞d al dataon condition山砒 

no coolant is add自d．Thirdly 廿Idp0int teI卫 罚血lm 

and c l content缸e calcula~d~rough the 血 Ve 

modelin case of abow 由Ⅻ ．呻 are 

∞加 with al eodpomt 翔 胁 Ⅱe缸ld cadx~ 

contc~t．The~blown oxygen d the added~xx~lant缸e 

卿us删 by 1l8e of fnodi model，1he删  

valueis scatto吐lIepllgd~ vemodelto calcula~ the end· 

pointtempcran~ ∞d c l conl~nt until n ~mdpoint 

teI卫 罚血lm 缸ld c l cc咀叫 are in 黝  

(IACI≤3，O℃≥△ ≥ 10℃)．Ai last，吐 reI 

blown ox'ygen(N ))锄d add。d刚 ant(t)舡e de- 

咖 _m耐．The Maole曲叫lli ng o【翳s。c 瞄pcn凼 幻 

the practical曲 日 ng ．胁 ， ve 

m0dd and吐 pI髑咖 ngm0dd 缸e鹤协b】 nninalhe 

dataoflhefccaler35 beats．The 36thheatis caloolated． 

Thenthe sample data ofthe 36th heat are added tothe 

modeling data．柚dthe dataofthefirstheat缸e sin̂ Iha． 

neoosly amaovcd so asto holdmIcba 出lethe瑚ml 

of data to be u枷 for es~ Ushmg mode1．The above 

Dce嚣 is r until all 25 beats缸e calculamd．The 

~blown oxygen d the added coolant ofthe other 25 

heats缸e calculated as shown in F|罟．6(a)∞d(b)． 

The∞m却0玎di】Ⅱg~I[x3intt目 日姐n (℃)∞d c踟卜 

bono~nlamt(10-2％)are shownin№ ．7(a)∞d(b)． 

Inthe 6 ，“— — ”isthe actual value ⋯ 一”isthe 

calculat~ value basal on the mode1．From the丘 ， 

it is known that the mblown oxygen d the _ld 

coo~nt calcelamd缸edose幻 thepra~ cal vah】 in嘣 I 
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vd．18 

}HIts·．Ihe sq∞re∞ DrI：：,ce,vccathe calculated val— 

ul#andthe actual val,c ofthe d岫 t caCoo,con~t 

(×10_̈％)口 =2．4032，恤 the删  sqIl锄 c~lor 

I：：,ce,vccathe calcu1．~cd value andthe actual value ofthe 

imdpoint蛔npemum(℃)d =7．6226．Itis shown 

the舯 0n of this method is l1igb日and n may bc 

completely mcd for the cndpoim dyi~m c control in 

lxac~．cal BOP'ln'Oec~ ． 

100O 

童800 

}：： 
20。 

0 一  
O 5 10 15 20 

SsmDk nm b 

(a) 

Sam e rmmbcT 

(b1 

Fig 6 The blown oxygen and the addocl coolant 

捧 
0 5 10 I5 20 25 

Sam e m beT 

(a) 

i j ； i． 

嚣# 
0 5 10 15 20 25 

S∞TIDknumbeT 

(b) 

Fig．7 The cndpoint control tmnpcraturn and carbon content 

5 Condusion 

1he∞咖 lfoxtheBOF ~ndpointis diffcxmt 

gen 0oess conw：,1．ItislXaCtically∞ 0p血 噙】set- 

ng 曲l朗II．In the inte．1lig~~d)ln帅ic即坤缸 (x~l- 
血01．the influence of the nonquamitativc facttxs彻 the 

eudpointismfl~ted by GM(1，1)m0dd，whilethe 

influence：of quantitativefactcas onthe CndlX~tis re． 

fleeted by血e c0n】Dens刮i0n ofaneural nb-"1wol：k．Sothe 

model pmcisic~is raised．A neural nctwolk is regarded 

as presetting mode1．m 血e l"~ own oxygen m the 

added coolant缸 adius~d bv use offuzzymlcs．InIe． 

suit，the出0】忙d 【lgwhich any~jusuneutis notmade 

m'~er determined the reblown oxygen 删 the added 

coolant in the exist／rig method is 0va Dme．1he end． 

point 伍ng 0isfiarfl~r raised． 
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