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steel strip, nolten netal is cast directly by casting
rolls into thin strip. The shépé of the thin cast
strip is determ ned by anong other things , the

SUYMBTHonANFﬁpﬁﬁﬂwlF@RS!F?BGRﬁTQﬁ MbﬁIQ@?&NggAﬁglbéNTROL OF
Inatwinro caster en netal is introduce

bet ween a pair of coﬁﬁlgf Qﬁ%ﬁl‘g}tﬁ T i STRLD RRTBried
castlng roll's which are |nternally cool ed, so that

TebALRSRLkD A6 SRt HRCafBEIRRALNY OL! .,

the casting rolls to produce a thin cast strip

product. TheIﬁeéHhtﬂhﬁﬁuEScH@@ﬂngeéf'EP%R LeLen Eeri?, molten

general region at t he cast are cl oses
to@@Fﬂér15Tﬁésﬁoﬁ#€ﬁ°ﬁéYaPYnﬁ?S§énSoHPéésfFaﬁpathadletrlp

thTHégBhapﬁEbﬂ|tﬁé|tMQhYC§¥§t§ﬁkQ§”EE|a@@eQRlﬁed bﬁ among
bIe %undlsh nd a core ng ﬁ%e | ocat ed above the

n|8 % FBIAPE k& ?.ﬁﬁrgasﬁ 8 Pt ERSHEPLl SBEPAGPEeaE the

oncahblugsromgssurfaces of the rolls above the nip and

extending along the Iength of the nip. This casting

pool is usually confined between refractory side

pl ates or daf® Rekwinnrell deagtengapehber metalt he mtiroduced

SUBéﬁﬁSén0£ ﬁgﬁrcégtEBGnEQ£L§o€Qté§ iQté@éii?'?thgloned
two ends of ai}e castjng ol The in cast™s

paSREET IR EIVh%ﬁPoﬁﬁﬁ %HEéﬁP%lﬁﬁtﬁﬁ@ﬁeﬁhes€a§gﬁﬁgmetal
rokhélbﬂdsbhfdlfytenathéaﬁSVEﬂQ Patbingr e6s1as@vEdees and

Af t t h h
r oS biadoRbnESerthoraef "the  pipastucrRi shanghetno ro1ls
tht@ugh06uhetarbhhnngaﬁtlStmhprprcﬁecgeon!heytéEmg“nlp" is
thﬁgg@eﬁérepﬁ0£b|fef%#gggeéﬁé ?éq%@glsfé Eoﬂa¥tb§h1ch the

nodi fied in contro manne ured
f | G2 FbsRI sFAl t EndFBnchpeprtetogether. The molten netal may

be poured from a ladle through a metal delivery system
comprised of a moveable tundish and a core nozzle located
above the nip, to form a casting pool of molten metal
supported on the caéting surfaces of the rolls above the
nip and extending along the length of the nip. This
casting pool is usually confined between refractory side
plates or dams held in sliding engagement with the end
surfaces of the casting rolls so as to restrain the two

ends of the casting pool.

The thin cast strip passes downwardly through the
nip between the casting rolls and then into a transient

path across a guide table to a pinch roll stand.

After exiting the pinch roll stand, the thin cast
strip passes into and through a hot rolling mill where the
geometry (e.g., thickness, profile, flatness) of the strip

may be modified in a controlled manner.



as neasured at a device downstream of the hot rolling
mll are insufficient to control in practice the hot

wo odo7itengosni | | because, unlike cold mlls (whereCT/AB2007/000289
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measured downstream fl atness or _tension profile of the

strip closely resenbles the frafnéss or tension

profile produced off the mll) , the flatness or

tension profile may differ due to the action of creep
At elevated te eraturg; st eel undergoes plastic

deformation ThereapoReEeto FHEIPehlrbReSE aRd henphen profile
enasymaadueﬂdtabfatdevuoéldngnﬁtkéamnofhehéohamo&olllng mill

crael: 1AbaeP1RILhE 8T QLHRLLINIRCRULLLEA RSl (0410811 10g

%a e regions Where FIp en
exm%é EECRVPFrCEG ékechahgeslththwhenEryhanMeasured

tea§WﬁBt§é£ﬁS§lQ{:HééEe§r $LhLRoh! §£Qf§§ea§fv‘@t1% Q%rl

Strl terrper ature at e eXI
i?s%iyhs?sm%gs ang ﬁ%\ﬁé%eaﬁf ¢rctersipa profile produced
rreasﬂr ehenhibi) { hehst fl&tﬁéak n6£ St@ﬁsi@ﬂSpQBfﬂéeﬁéy differ

by. d t confact. opti cal nethods
PL@L%Ia?néggl%égsﬁ?eﬁén? ﬁﬁee g@%ﬂ gébﬁ%@@?ragﬂfﬁsr
noﬁteehtundet¢g¢ﬂe§$aahaeudeﬁenmateemliﬁ raspenseato the
f|@éﬂ§§§nn§@§§§§n§9tﬁhél%ﬁ@r taﬁ& %§#¥e€ft£ﬂg O”ii%ng mill

part of the strip ex asure ness- deTec
| niRdERe | o™ cpEepredPt heThe rpbasbie| deformahion occurring

(| 648656e Ofnd NeoBL [ gilp an { e (241 SASEIL L chEKELYip enters
in i fjcan wor se t han
dgﬁﬂ t7% gﬂ?a. ?w@&¥#c%?u??%tﬁ%%%g%%uﬁ% ¥R ®RbRE andpexit

twtensDbh stsésangoodfibes, sétiPp £Iethess £§rwdlliSas strip

han typically found in traditional strip in
g% Q@{}é Typically in twin roll casting, the thin
strip is cast at a thlckness of about 1.8 to 1.6 mm

and rol | ed t@g& gy b%ﬁgg ﬁ%aarpl,gh {;[g f steel
Stl‘l entrytenperaturetot ot I gher
g also makes difficult the measurement of the

strip flatness or tension stress profile by direct
contact. Non-contact optical methods for flatness
measurement have been used. However, such non-contact
flatness measurement results in partial flatness
measurement, since at any given time only part of the
strip exhibits measured flatness defects. In addition,
creep in the strip results in the flatness of the strip at
the roll stand exit likely being significantly worse than
that measured downstream at practical flatness gauge

locations.

In twin roll casting of thin strip, the cast
strip is thinner than typically found in traditional strip
in hot mills. Typically in twin roll casting, the thin
strip is cast at a thickness of about 1.8 to 1.6 mm and
rolled to a thickness between 1.4 and 0.8 mm. The strip
entry temperature to the hot mill is higher than found in

the final stand of the typical hot mill, approximately



the final stand of the typical hot mll,
approxi matel y1100 OC . A consequence of thin strip

whe@miesnper at ure and casting process i s that PEEABR007/00289
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entry tension is low, and therefore is nore
susceptible to buckling and cre8p-prior to entry into

the hot mll. In addition, in thin strip casting, it
'Sliéé'béb|QAt8 E cSléf 1wt
profile while ﬁ%lnt |n|n acgggé%é?ggié ﬁﬁ% & erature and

th@aﬁFéBHcPrﬁ’ﬁ955e1§s§Ba s thel atrém éEtFEpFaééF@nt ls low,
Thangt thBragemat iy in&réaEﬁQl:éPQQBléoltBeQuEIélﬁ.Hg and creep

caster. Low tensions enplo in_hot _rollin
r eBGFPE ER ?HEFV Fﬁgﬁlggﬁ %°§dﬁléFroF§ ﬁﬂﬁlgbgg'an thin
t essirdp shsedingat ipoint deadirabiect RO pkbdpcundtblpaaﬁ a

re n JN¢) S poot. tr| flatnes
b Soll1oREEbPRUE KL £ B0 0ePRRE o EEbBos BE0BRam
cofilpshesre sinte thatnegductAmarthedussddascbgéddrbmned

COEEﬁQEEéﬁQn§tr'@hgeQ€Ei ygéemét§#rig §§§ééﬂg BB?QEolled by
havi nhg a npris te

neﬁgﬁrFﬁﬁtﬁﬁ enPPV gﬂPEkﬁ%§seﬁPéPYﬁg #7 hAti Aedking mills
nEEaEu$tEIﬂnb§ﬁ§1E lbﬁameiallSQEPDeEBbﬁéSahaelbgh of tension

rolg caLcuIatln tar et t hi E ess Ofl|i
PlRCREoRobREE naCHRAS, Fun BRELP PhitRnosedpfoppits in
whekeipabuskjeagapdopode andlﬁlﬂlaEBesspGWGthage found that
re n : | a .t thi file.of
{ hOdhEEOR"bEros OBRUNLARS 0 FhY' b LEHBEST BO8 bLE:B
roflﬁﬁ@eﬁﬁbl; calculating a differential strain feed

back from longitudinal strain in the strip by

conparing the exit thjckness_profile with the target
thi ckness prdffeEh r+%é%1¥?%ﬂ??%efﬂﬁa%?HEEP¥}&?? strip
thgé&ﬂéﬁﬁypiﬂfaletrﬂpdcsﬁﬁiﬁg|blaﬂtahdﬁﬂhgeacnbﬁb£61ming

%ffi ggmﬁrlsgn?e p%n é?%hgfstrlp exiting the hot
S S

| east the differential
stra|n feed hegfuring an entry thickness profile of an

incoming metal strip before the metal strip enters the hot
rolling mill;
calculating a target thickness profile as a
function of the measured entry thickness profile while
satisfying profile and flatness operating requirements;
measuring an exit thickness profile of the metal
strip after the metal strip exits the hot rolling mill;
calculating a differential strain feed back from
longitudinal strain in the strip by comparing the exit
thickness profile with the target thickness profile
derived from the measured entry thickness profile; and
controlling a device capable of affecting the
geometry of the strip exiting the hot rolling mill in

response to at least the differential strain feed-back.

The method of controlling strip geometry in a
strip casting plant having a hot rolling mill may further

comprise the steps of:



The method of controlling strip geonetry in a strip
casting plant having a hot rolling mll may further

w@oeopnises t he steps of:calculating a roll gap pPCEaBR002/000289
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profile fromthe entry thickness profile and
di mensi ons and characteristics 8f "the hot rolling

mll; calculating a feed-forward control reference
and/ or a Sen%b&bﬁlhﬁlﬂﬁcaofoﬁi aaﬁu?EEEQHerELBflle from the
e and ssure

tar t hi ckpness profi
prsgiFg Ehigkngns ScBFpERs St PBA #éweaﬁapnﬁeaaﬁdchaaﬁﬁégglstlcs
f | oft thti hot bbluhagCﬁsulstrlp and further

Loe cap f aff ctln

control ling
geometry of %ﬁecgirlﬁngx?t 5 dr ggrﬂﬁf rSPPgﬁ nFFFeFﬁnce
r espdrox BOSEh§l¢aW¢uyaVedtbeedsfarﬁandtientbﬁlthe target

reEﬁi@ﬂﬁ@séng&g% FQG ah8l eylalg lsgg§ é EXrgecgg%lls to
rof i flat ness operating-Teburrensnt 5
sePéEP@dCQEPFREPtﬂﬁé fargerofhilekandstpatheke fhhcbuatlons

stinpthac&hsﬁgstzmg ;dgMice capaglehof af{ﬁctlng fre
geonetry of - trip exitipng the hot rolling mll may
be sel ect ed % ﬁﬁ%ﬁe %?tﬁ%i£16$ the devipecerrakiengt

of aﬁfbebdnggtbengeoinéery afganecsaﬁpl belitiAgCeRbanbt

e TN

fcebhrpélFeﬁgrsnpepagééqgttye|qa&culatpdcashshglpiﬂpt
hayt8gog hot rolling mll may further conprise the
step of generating an adaptive roll gap error vector
fromthe neasured exit thickness profile and using the

adaptive r0|Th§apr6iiI§ Aegt Ol atiess| S AL 10 afeﬁﬁi§%ments
tro] reference and t he

one_of the forma
sens¥t|V|f§ 98 edrsoT aﬁe?h%dt%¥g%BnF?bFFPﬁ§ssPF?Elle
gebmigibytsnsbrip buckling.

The device capable of affecting the geometry of
the strip exiting the hot rolling mill may be selected
from one or more of the group consisting of a bending
controller, a gap controller, a coolant controller, and
other devices capable of modifying the loaded roll gap of
the hot rolling mill.

The method of controlling strip geometry in a
strip casting plant having a hot rolling mill may further
comprise the step of generating an adaptive roll gap error
vector from the measured exit thickness profile and using
the adaptive roll gap error vector in calculating at least
one of the feed-forward control reference and the

sensitivity vector.

The method of controlling strip geometry in a
strip casting plant having a hot rolling mill may further
include calculating the target thickness profile by

performing at least one of time filtering and spatial



strip casting plant having a hot rolling mll may
further include cal culating the target thickness

w@eoilbsoby perfornming at | east one of tinme fiPCEAUZNY7/000289
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and spatial frequency filtering. The nethod of

controlling strip geonetry in'assfrip casting pl ant
having a hot rolling mll may al so have the

Coffreqibneg Fhigdpdriglgude perform ng symmetric

f eed- back control and asymetric feed-back control of

t he bending controller and the gap controller. The
controlllng Shepmatiiod| ber saht¥elyingr stpipddebingBry in a

ke, a4t LG hostakeTlne TSR LY 8reo
rohPVﬁgthﬁlP°h§reﬂéagedst?pe1sy§ué&apb¢fwem$ngemgmmetrlc
er £gea- Bsbﬁgcaﬁ%%qt adgt EEQHHQtEQEpS?EE Opagic Eﬁﬁt%ﬁ‘if 4f the

g exit thickness profil
eRgapgdcorkEoddrEr 8RR ﬁaesse;e ﬁ*&ytéfpééeirncl ude
perforn1ng tenperature conpensatlon and buckl e

det ect | f . a ast one of . ,
operat or | nareBaeeBtraREiRh: hSRnaR c=bperarbively, or in

Indddeﬂlbendmngludénﬁhbgra@biagpaﬁtieybaéhitlbhﬁeasurement
neépggrgofrgﬁnkﬁglhi?@e%E§£ ?e8€§£1X Feea E p B n. ﬁhe
castin ant havin I I g a=i

coﬁ?iﬁﬁ%ﬁsmééétFﬁgebgaGQPn FbelSvatematcgnpaasungmehe errors
fobéﬂﬂgngeﬁéﬁaﬁed €ﬁ}oﬁ§ﬁegghb991§oﬁhbf %ﬂé'gn99§t§£d exit

Vv air astln I's having a nip
E#%%%?ﬁgﬁnpr°f5§eﬁs§8 IFh@ Eohping Biailvépydigengaged.
capable of forn1ng a casting pool between the castlng

rolls above I de, dans_adj acent t ends
of the nip to con IP%Jéo{'{T:ln%assﬁ%gm?%&fs? cjme das performing
astempefaguradfavpansahion hamd sbuckleadétectiohpt or

r obd+PGri hy Qéviggsﬂoéﬁergflép&éégor—induced coolant

trimming and operator-induced bending trimming.

More particularly, the method for controlling
strip geometry in a strip casting plant having a hot
rolling mill may be used in continuous casting by twin
roll caster comprising the following steps:

(a) assembling a thin strip caster having a
pair of casting rolls having a nip
therebetween;

(b) assembling a metal delivery system capable
of forming a casting pool between the
casting rolls above the nip with side dams
adjacent the ends of the nip to confine the
casting pool;

(c) assembling, adjacent the thin strip caster,
a hot rolling mill having work rolls with
work surfaces forming a roll gap between
them through which incoming hot strip is

rolled, the work rolls having work roll



work surfaces formng a roll gap between themthrough
whi ch incomng hot strip is rolled, the work rolls

whaoorng3wor k rol | surfaces relating to a desir ePCHAEP®7/000289

across the work rolls ; (d) assenbling a device
capabl e of affecting the geonst Py~of the strip exiting

the hot rolling mll in response to control signals ;
(e) assenbling a QQEEE%ESS¥§ﬁ§@hﬁ§p@Q|Q QESQ%E@U #5bR9across
a differential strain feed-b from | ongitudi

strain in the strlbebV°63nﬁ8FFﬁg a exit thickness

profile MAth(a)taaseémbnuﬁ§nasaep&eélbapaaabV%@ bFe@cRing
nmeasured entry th kness grof ? ﬁ generatln h N
control signals i Fe§58W EX¥oOFhERGFERLR: 8Fiting the ho
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control systemto Ep gvlce capabl e of affecting the
geonetry of the sf p exi'ting the hot rolling mll in
response to gk gagsembddngopt pontspynastemonmphble of

control system Tea@%ﬁﬁQEEhbhg HEEEQthELQth%Qﬁiﬂlkeed ~back
caster nolten steel e introduced between t

of casting rolls F6°FO¥HP5153§FPﬂ§ 556P1§uﬁBthéds§ﬁ1P by
casting surfaces ebmpaelﬁgshlegltohhScnﬁaﬁsnpéobxlbhﬁlth a

de d d the_cas .rolls counter-rqtate
?grﬁ1sgrfdl?red ng?apeghgﬁﬁgﬁgﬁs§h@rgg?igcggréyeghgr°m a
casting rolls andmeastiredi entrgethicknpsthpeofhleheand
nip between the c éhé tiﬂbléoﬁﬁggltgg ﬁghgdkglﬁgsponse to

shells . The deV| ect g g

strip being proce§b@d°6}°ﬂﬁé adt di fFFﬁgtﬁﬁllsﬁﬁ9lbefeed—
capabl e of varyi ngathe roll gap of the work rolls ,
bending by tng) connecting the control system to the device
capable of affecting the geometry of the
strip exiting the hot rolling mill in
response to the generated control signals

from the control system.

To perform the method in a twin roll caster
molten steel may be introduced between the pair of casting
rolls to form a casting pool supported on casting surfaces
of the casting rolls confined by the side dams, and the
casting rolls counter-rotated to form solidified metal
shells on the surfaces of the casting rolls and cast thin
steel strip through the nip between the casting rolls from
the solidified shells.

The device affecting the geometry of the strip
being processed by the hot rolling mill may be capable of
varying the roll gap of the work rolls, bending by the
work rolls, and/or coolant provided to the work rolls in
response to at least one of the control signals, to affect
the geometry of the hot strip exiting the hot rolling
mill.



work rolls, and/or coolant provided to the work rolls
in response to at | east one of the control signals, to

wa@bdoeao13othe geonetry of the hot strip exiting PCEANI07/000289
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rolling mll.A so disclosed is a control architecture
for controlling strip geonetry n-a strip casting

pl ant having a hot rolling m || conprising: an entry
gauge appar at us capabl e of neasuring an entry

t hi ckness profile of ncomng netal_strip before

t he netal Zﬁfp e‘?ﬂ'%‘? f‘F\‘é D1 #i agnhret a’éd?’aF@@‘Fure for

thcohhes%lpngfste:.poglebmeapgbi.ﬁ af seaiputastifigdplant having

t f i t f th d
ent 5ot hf Stoeed PSP paliefEeEnlll (i g prof il and

flat ness opeRatemery cpige nappasraten expablmugf measuring an
ap@ﬁfﬁ&“ﬁhfé@ﬁ@ﬁ@ ﬁfoffféuafngnafnﬁéﬁln r*gggfsgtrlPtgefore

profile of the petal strlgater strip ex
th’eh?—drl?Fﬂb FEFIP enberscrhatrellirganklieed back

model capable ﬁr«;@t!: Ctﬁﬁkﬂ@ss?l shdfLreHdid1 Sééﬁéﬂle of
fe calcgi:kfromlg gd{_{]hn stralntlépwt_he strlg
coORparThgcth 2xte ??1 LEkneFRPT T HR ‘éﬁ‘ﬁ'&i@n of
t htkkressspred | éxtciertivickfessn pi'@fimaswm:eﬁe ef4tysfying
f I e of
c%ﬁ%ﬁﬁ% nég]ﬂ‘g %ﬁ%ﬁg%a%a%?%%?& a%?%ﬂtl ng 14 geometry
of the stripPre@tithgauge rﬂnpérnﬂtumg:émable rof esgronsEing an

t et ehidnesd 'ﬁoﬁi@'@ffﬁ?@ heekr ﬁfér the metal
t hi ckness :Eroflle node] may inhibit strl p buc

THESTGHR rFEhg i the ekt iPg sl back nodel may al so
i ncl ude t enperditiferertiipan setdnn ERADIPAdR subbusddBie of

ssgrile bbbl dver et etenl  lostusln fesd
Céba@gitq@nngﬁxﬁﬁngxﬁ in the strip by comparing the exit
thickness profile with the target thickness profile
derived from the measured entry thickness profile; and
a control model capable of controlling a device
capable of affecting the geometry of the strip exiting the

hot rolling mill in response to the differential strain
feed back.

The target thickness profile model may inhibit
strip buckling.

The differential strain feed back model may also
include temperature compensation capability and buckle

detection capability.

The differential strain feed back model further
may include an automatic nulling capability capable of
subtracting out systematic errors from the differential
strain feed back when the rolling mill is engaged, the
systematic errors being generated through comparison of

the entry and exit thickness profiles when the rolling



subtracting out systematic errors fromthe
differential strain feed back when the rolling mll is

wepgaged)s t he systematic errors bei ng gener at eBCT/AD2000/00289
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conparison of the entry and exit thickness profiles
when the rollingnmill is disenga8ed. The contro
architecture for controlling strip geonetry in a strip

caplinngibl aRkcRguyBg.a hot rolling mll may further
conprise: a roll-gap nodel capable of calculating a

roll gap pressure profile fromthe entry thickness

profile and whaesshensl antdckiBeathsi 8ok C&oRErbILiRgt strip
rolgiag giIL and a.feed-Lormarg rgl¥ stack d flectign
modePMEEpEnr8 8 SERRUFAFFAGTaPLBRE. PBYIAPd2cBREr GPLling

r ehbldnweyafidkbhez sempribeity vector as a function of

the target thi gkngsg, rﬁ%%%gné$%?ﬁf§ E:éagﬁglgﬁgﬁﬁgégroll

profile to all ow colipensa pr of |
f | gePuUBFPSAYTEnPrAgitasfrenr the ghtrudbpickness| profile and

stackeASibASt kAR BRYBL-EBY:iLRicaPak! enaf nEENELRILAG AD11,
adagélve roll gap error vector fromthe neasured eXit

t hP2Rness profile and using the adaptive roll gap
error vectoraifieéat+£otwitdgrall | €8sk 0@ Décti®n model

f - I f d th LLiyi
| SEARFBIISEY BEPELSLeY el BEPBI A8 STUELLY Llcrence

f unnéideri ackedeibivitusvecheroast anfuhctieni of the target

CapRbLLhEYsAPHoPpRL] Shal LRGUEHEY SLb!SELOGuFAPRRLELIY +o
as part of calculatlng the target thitkness profife. ~
Th%f%ﬁﬂtFBFPﬁﬁﬁéFlﬁﬁy PRCPYOELde syndefiptneaadf buekuations

capabthét ¥asBdsepipsymetric feed back capability for
controlling the bending controller and the gap

controller . Again, the device capable of affecting

t he geonetryTiné admpiive predd tstack hefiDéctidd ingddal lthay be

nagaggble of generating an adaptive roll gap error vector
from the measured exit thickness profile and using the
adaptive roll gap error vector in calculating at least one
of the feed-forward control reference and the sensitivity

vector.

The target thickness profile model may further
include at least one of time filtering capability and
spatial frequency filtering capability as part of
calculating the target thickness profile.

The control model may include a symmetric feed
back capability and an asymmetric feed back capability for
controlling the bending controller and the gap controller.

Again, the device capable of affecting the
geometry of the strip exiting the hot rolling mill may be
selected from one or more of the group consisting of a
bending controller, a gap controller, and a coolant

controller.



sel ected fromone or nore of the group consisting of a
bendi ng controller, a gap controller, and a cool ant

w@oenwrnei3ber . The control architecture may al SOPGUAP2007/000289
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at | east one of operator-induced coolant trinmng and
operat or -induced bending tri mPng. The control
architecture may be provided in a thin strip casting

plant rFrdco?hénaeﬂﬁkM%DQQQHEEQStﬁPéP?ggSElE% %Bgﬁ?ﬁt at
t Li p_geonetr
EFrOEaéP??°ﬁa§?%§a§°ﬁa¥PdBFeéa§PgR@“FoFFémﬂaangné

n|ppehatebetmdanad(bkndlﬁgtaklﬂﬁhhgery system capabl e

of form ng a casting pool between the casting rolls

above the nip with side danms adjacent the ends of the

nip to confifket dentreli agchbbéctute)maydbévpreepabliein a

OftﬁﬂﬂnéﬁﬁlﬁoEQEEEEg Pfaﬁ@sf Qgcéﬂkkﬁuggs;ytﬁgoggg%Pﬂ thin

solidified netal S on e surfaces o
r ofREtafiiridsEot hransretiedt sEpirhgeoyhtriewhiph comprises:

bet ween t he c@)stlagthehl §t£‘i§%£§€e§oi’159h£§e% é\gﬁk' S

(d) a hot rolling m aV|fg w&g s Wt £

surfaces forning 837 Fngﬁﬁ BtHREINThRoBYR Hherabefween;
strip fron1tﬁe)thanmetalpdebsﬁerynﬁysbemrahb&ﬂle(sf forming
devi ce connected fo £Q€1$ t 5gilﬁggw%%%L %Q% 1?%erolls

af fecting the geone ry o PR StTTrp pr
hot rolling mll ﬁhovesbbﬁs@ipowcﬁhtsndesdgmalsdjae@dt the

(f) a control sysiggycapaphe ffpCalcubaking &, Sasting

differential strain feed-back fromlongitu |na
inthe strip by Pool;
(c) a drive capable of counter-rotating the

casting rolls to form solidified metal
shells on the surfaces of the casting rolls
and cast thin steel strip through the nip
between the casting rolls from the
solidified shells;

(d) a hot rolling mill having work rolls with
work surfaces forming a roll gap between
through which cast strip from the thin
strip caster may be rolled;

(e) a device connected to the hot rolling mill
capable of affecting the geometry of the
strip processed by the hot rolling mill in
response to control signals; and

(f) a control system capable of calculating a
differential strain feed-back from
longitudinal strain in the strip by
comparing an exit thickness profile with a
target thickness profile derived from a
measured entry thickness profile, capable
of generating the control signals in
response the differential strain feed-back,

and connected to the device to cause the



conparing an exit thickness profile with a target
t hi ckness profile derived froma neasured entry
wao bdockemsss profil e, capable of generating the PONAD2107/000289
signals in response the differential strain feed-back,
and connected to the device t® ¥Quse thedevice to
affect the geonetry of strip processed by the hot
rolling mll in rmweooa*f'%%c@%%o'ge%@?%lf £ lRrip
the thin strip casting plant for producing thrn cast
strip with a cont PAOEFSES | &@%ﬂ%?yrﬁ}iaﬂﬁF¥Mdu§n
casting, the contrelsppnseconthel tohteolbe igaRakl e of
calculating a feed-forward control reference and a
sensitivity vector, and further capabl e of generating
S5the control &hgbhesthhs ﬁ@edpfoaaﬂidgcpmhnﬁlfbefp&eaﬁeing
, %néntﬁss%eE%bEth& hy% tBhtrolh8d 8893 org%metry by
control referenc e sensitivity ve t Jr
caFentipegugs castinsti @heopoat!faﬂ-géYSttﬁmcklﬁa'sfurther be

pf&EphBledBEI&adcﬁﬂaﬁhﬁgnﬁa§éé&df@EhEEdtEbﬁ%&%ﬁsreference
profile, pressure profile to a

coﬁﬁgn§aFF8ﬁl$6V1§VogFF§°§mdaPﬁaFH§§§eFIGEP&§9P0ﬁ§ in
lOthgenesatshglpheTbeﬂeramdsmbhalsadthatﬁgé&—&&@waQﬂeEontrol

EEQ%FFgénQE tgﬁdpEﬁ eggn ? gOYeg mell as details

ustrafe enbo i fent be nmore fully
understood fromthe fO||0MAng descrlptlon and draw ngs

Brief descih@tEQ830FoiRerdr 8YLLEST Flhlretehde?d ?nd the
schemati¢c drawing illustrating a thin strip cas

pIﬁﬁPsﬁﬁﬁYﬁEYaV?SFPanrﬁ1FPlﬁﬁaaﬁe@oﬁFrélfEPGFFPBCPﬁre

15 ; Paggef tRiskhesskpdoglam @brihedCePbMOh measured e?try

rollin
%ELtECture of Eﬁg 1 Interf flngptgréggurg proglle to

ss prof , and a
allow compensation for profile and flatness fluctuations

in the cast strip.

20 These and other advantages and novel features of
the present invention, as well as details of illustrated
embodiments thereof, will be more fully understood from

the following description and drawings.

25 Brief description of the drawings

Fig. 1 is a schematic drawing illustrating a thin

strip casting plant having a rolling mill and a control

architecture;
30
Fig. 2 is a block diagram of the control
architecture of Fig. 1 interfacing to the rolling mill of
Fig. 1;
35 Fig. 3 is a more detailed block diagram of the

control architecture of Fig 1. and Fig. 2 interfacing to

the rolling mill of Fig. 1 and Fig. 2;



Pig. 3 is a nore detailed block di agramof the contro
architecture of Fig 1 . and Fig. 2 interfacing to the

wo odozitengosri | | of Fig. 1 and Fig. 2 ;Fig. 4 is BCT/AU2007/000289
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flowchart of an enbodi ment of a nethod of controlling
strip geonetry in casting stripthaving a hot rolling

mll; Fig. 5is a flowhart of a nethod of producing
thin cast strip with a controlled strip geonetry by
is a_graph jillustrating

continuous cgsting;.and Ejg. 6

how a sensit b?tygvﬁit%rg}gwﬁB?EFn%ﬁ.aﬁmﬁmk?fiment of ‘a
DEBCEhEE| OF Epbgtrdlisng sekepageomdeapi g f:llalsughgalts:tmp
a Lh StLi asji l apt . 100 having a rolling m
15L§kgn§ %oﬂ??o?ggggﬂgtgg ﬁfe 200. The illustrated
casting and rolling installation conprises a tw n-rol

caster, denQﬁﬁQ.9§n§£a£|%%ch&&rtwgkgbjmé89g esel Lg%%cing

casi ,steel strip 12 and nprises casting rolls

si BRiRafigsbeStoup| withparaenbroliad ehsirngeenetryaby
codtheintohat €dsbyng; dahye (not shown) . A netal _
delivery system conprising at |east a noveable tundish

23, a large tundish 25, and a core nozzle 24 provides

mol ten steelFig. theid va ngraph Lhbietrdding Méw C@Séensitivity

steebtSEriP dBehassgs downwardly through a nip 27

between the casting rolls 22 and then into a transient
path across a guide table 13 to a pinch roll stand 14.

Afperaexib i peséRepPisgh rol |l stand 14, thin cast strip
12 passes into and through hot rollling mill 15

conprised of back up rolls 16 and upper and | ower work
rolI's 16A armigl6B, e esdhunmpeiiRinawiiy Gillustrating a thin

T [T ORI A
ex¢en¥ret relvl téatpre 12005, Tes stklwmntated wasting and
taf&f.’l.:ﬂr?g M@Eﬁiitm é&nﬁﬂé@g g%ﬁ{i_@glf\ﬂégtéﬁ} S<:1enoted
1§§e§ggglly by 11, which produces thin cast steel strip 12
and comprises casting rolls 22 and side dams 26. During
operation, the casting rolls are counter-rotated by a
drive (not shown). A metal delivery system comprising at
least a moveable tundish 23, a large tundish 25, and a
core nozzle 24 provides molten steel to the twin roll
caster 11. Thin cast steel strip 12 passes downwardly
through a nip 27 between the casting rolls 22 and then
into a transient path across a guide table 13 to a pinch
roll stand 14. After exiting the pinch roll stand 14,
thin cast strip 12 passes into and through hot rolling
mill 15 comprised of back up rolls 16 and upper and lower
work rolls 16A and 16B, where the geometry (e.g.,
thickness, profile, and/or flatness) of the strip may be
modified in a controlled manner. The strip 12, upon
exiting the rolling mill 15, passes onto a run out table
17, where it may be forced cooled by water jets 18, and
then through pinch roll stand 20, comprising a pair of
pinch rolls 20A and 20B, and then to a coiler 19, where



then through pinch roll stand 20, conprising a pair of
pinch rolls 20A and 20B, and then to a coiler 19,

wob@raotses strip 12 is coiled, for exanple, intPCRAULOM000289
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coils. The control architecture 200 interfaces to the
rolling nmill 15 and, optionalTyt2td a caster feedback
controller 301 (see Fig. 3 ) to control the geonetry

(etge,skhhﬁkﬂﬁsis Bbﬂiéﬂe féBdéﬁémﬁhétngﬁ%B 8b BE coils.

stri & resg b |nvent|on
oy iR Pkt aaanRi ket ira) Db FREPeteraE Sor fhe rolling
femdlmadB)and gepe&ah&mlyastdeaCbabedrhEé@HBackobontroller

be r t of,, s flatne and f|| in the .

%Pﬁ éggg FQ é)c%ntlﬁngﬁgﬂ &Fﬁ QSPﬁegﬁgtlﬁggsysgbﬁFkness'
FIanéséedeﬁedﬂgrnﬁyabeeds$tpﬁghhehsdeéloatnipenz
general vibration and body transl ational notions of

the strip. If not distinguished, false positives can
result that WBubhetpresertyinvenbior, an syyhhesired feedback

deéeghaln(Hh@fékéhﬁlaﬂdsﬁﬁahﬂ fEEHQﬂHEﬁ%dth&éﬁQLéééd as

din and contro
us ﬁﬁcgﬁﬁﬁgfﬁﬁfﬁégs ﬁsﬁ?gﬁ%ﬁt§°ﬁ§r?ﬁe°Fe§HBéEkflahness and
coproblilengnakhewrbltkhe ﬁﬁitcbf atcbhelﬁhbhsrehhn roll

en&& t%ﬂg § Ekeﬂf Su&i E i Ude 20 é stinguished
RERGarm PERREL FRPRCL Brb pe Ll

pi nChi ng-and teari ng 0
nHﬁFPESPtb@FeGFagrélfVabnetsoprebdehedgttthnslatlonal

domaéisﬁgnbsauﬁs keeabionteFLge 3358 A50 Qﬁé Qié&’
35 SoRifadiShia, £

of e control architecture 20 acin
tdp?ﬁé t1¥eFi AgnnFerull bhakigould, tEhbcétherdlcate an

ar ahymé tyie 28feptoim dm?1 aﬁﬁbl{.ﬁt &nd fj éb@l%l hixgkfsééce
ne gge t t ry.an Xl 0
‘1gi Juf’%m%r?n“??%giw ?ﬁé%%% ﬁ?m’&??%ﬂ ﬁ\%‘f‘hc‘é%f?nﬁ SehEEQl problems.

ne%%ﬂ@eneﬂisgandlmtﬁbatmassrmm@mmném@mtsOaéoth&aﬂeedback

' n&&ﬂﬁ%f%&fegli% V@&&ﬁf‘é‘ ddéﬁ%@t?%{:(rgllﬂé’fﬂ 1 RSP Do ery

[ at ness” control sc € con arc |tec ure

2o%nﬁi ne¥ il et apuEhieienfumranibbadat te Pigk piadhtnefand
MeeSAFiNg S0 €Rél¥tiip CPLERoRE Odhy tmLdilrOi ¢ tdStectable

trip 12
IQEfQ% gsg?égéb emspat the downstream gauge location.

Fig. 2 is a block diagram of the control
architecture 200 of Fig. 1 interfacing to the rolling mill
15 of Fig. 1. The control architecture 200 provides
accurate strip thickness profile measurements at the entry
and exit of the rolling mill 15 in conjunction with exit
flatness measurements and other instrumentation to form an
integrated feed-forward and feed-back profile, strain, and

flatness control scheme.

The control architecture 200 includes an entry
gauge apparatus 210 capable of measuring an entry
thickness profile 211 of the incoming metal strip 12
before the metal strip 12 enters the rolling mill 15. The
entry gauge apparatus 210 may comprise an X-ray, laser,

infrared, or other device capable of measuring an entry



before the netal strip 12 enters the rolling mll 15.
The entry gauge apparatus 210 may conpri se an X-ray,

wo a®eng13dsfrared, or other device capabl e of NMBEFADR009000289
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an entrythickness profile of the incomng netal strip
12 . The entry nmeasurenents 7123 rom t he entry gauge
apparatus 210 are forwarded to a target thickness

preﬁhhﬁngadebrafé@lef teheheomh&ehlagcmétsﬂ HEE;ﬁoﬁ?z Thene
targgt t hi ckness 8 ?ﬁi nodel  2207i s capabl e
c

cafBiF¥t PRESU-PRPGES khe8sthPoPRLEY293uge apparatus 210
f uagcéei Sarehrtibd meaautadgest tulbhnekseﬁﬁoawél h8déi1220 of

d chij
kel 8k s SORRGEaLREOTEY, Y FEUULLEEA0 RETL e,
prbugﬁeletmbgebuékplmg édesblebeﬂ caldelatlingehovhrget
Th@hiéﬁﬂ@&stPk8¥ﬁfészﬁiogél5 ga&cﬁﬁghsgfe?hgt&%ﬁgured entry

pr0| e and | at ness oeralng requirenents .
t aFpdekpREEKRESEiIproRL L esHEeFh2ROtheychanpei ip geometry

nHiQQﬂﬁiédahonESELeVEphﬁgeﬁéﬁgetntﬁ@ékﬂ@&@ BPofile 221 is
oces$gr-bas d Iatfarn1 e a PC). Alternatively,

ATt GRFLERFCkREBEOPRERI FEE B dBRCEAbnsy fdesapibed in
nadéEaﬁlibelowbdelThépt&ﬂ@éteﬂhiﬁkﬁééﬁ“@fefkne3221 satisfies

e e RRETRE L L REEAE S A s> Sment

al so be inplemented in other ways as known to those

skilled in t@ﬁeafirgé%r@ﬁfﬁﬂﬂésé”ﬁ%éffpgqg&igfsfé6QEQY

herein are mat hemati cal nodel s whi ¢
|dﬁW@ﬁﬁhf%dalﬂay%?Pﬁﬁécﬁby%°de#h%mﬁ%?ﬁﬁﬁt?ﬁ|ERn%@%tware on a

prp:f:d:d:ésﬁ@:debagaa pisef@ﬁer ol @n;al AYyPCNt erA8€€sndfively, the

230 of hi tect ure. 200.
e RER GEL RS BRab Py 210 TEsRE) TS FRTLTR % he
tem@ﬁhemhtckabsmogebflmplémﬁngpdenntﬂsrmmareninemmry

t héﬁi‘féé 59&%&&%& ﬁé@%wﬁéﬂ&dcipc&? Parear

230 romthe target t ness
THex3mple gapT e dERrI8b thicknres 1P ngaﬁénfa@¢hg2%0rmy also

Jape PIRSEhEn BEQT 1h Co BRdr Afaps FALCEAOMN to those skilled in
the art. Similarly, other models described herein are
mathematical models which may be implemented in wvarious

ways.

The target thickness profile model 220 also
operationally interfaces to a roll-gap model 230 of the
control architecture 200. The change in geometry 211’
necessary to maintain the target thickness profile 221
given the current entry thickness profile 211 is forwarded
to the roll gap model 230 from the target thickness
profile model 220. The roll-gap model 230 is capable of
generating a roll gap pressure profile 231 as a function
of at least the change in entry geometry 211/,
corresponding to the roll gap pressure between the work
rolls 16A and 16B of the rolling mill 15. The roll-gap
model 230 may also use the physical dimensions and

characteristics of the rolling mill equipment along with



of at |east the change in entry geonetry 211
corresponding to the roll gap pressure between the

woweok/1068h8 s 16A and 16B of the rolling m |l 15PCTAB2007/000289
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roll-gap nodel 230 may al so use the physical _
di mensi ons and characteristics ¥ The rolling mll
equi pnent al ong w t hneasurenents of the roll force

dlﬁ$&Fh&g?%ﬁt31@f &Qﬁsr%ﬂ?hféﬁée|HEQ%MQ?SBQE%ZQS§2 ten51ons,
ofil e ate the ap pressu

PR SHCPBiRENTER Re %, BAGEL LN eincte gRoFTREe the Toll
taggptpthsshmesgrpfdﬂeleeqndebdZEB agHithe okl taaBet

no atlonally interface to a feed
o?&gfgﬁ Bgfgg defl ecti on nodel 240. The

feed formard roll stack deflection nodel provides

f eed-f orvar drhbat aesacCenitRhedBlpbeet LORMALY BEELLE the

contr The f ormar |on nod
246°ﬁiygse ESS&EI838faééﬁePBFFﬁﬁlaéF&évoFnﬁﬁﬁfﬁbe gada feed-

fl BbPREABACOBILLOLtaBRSHEIFYbbYiv¥ACOAS12440aNdppe fee?—forward

f d I f 242 a function g

e RO eI KU A PR
gapoptegluaedpfeédFéo?@irdTPEOﬁmldab@htﬁbmfIIEhanHeed—
flf&9$§§d098iiogt§8Fs XEE¥1¥§Cé§§élzﬁl0angthe capable of

feed-forward contro erences are use
coﬁFPBFth%gbéﬁHPﬁﬁoéohrpﬁFleraQQOféﬁdnassobbngapl

coBbhoi tevi2 5véeeo§en§4@taﬁa Eéé&abbﬁwQE&'SSPEQQE
i nfl ences t gééoa ed work ro

ap o
n1F? FEFICRS r €2p0RS et SUBFELOR bahcRE iﬂaﬁﬁethﬂcéﬁFﬁgt
stthpckﬂesknpsefplefztm did ehd rell § C§ressure proflle

b 2 hi Q? 15. B
2B opegSadtla bt bilok i) Soa Blafhets eonErel b
thée%éhﬂiﬂgtzowecbbrsr2250and\feéﬂ—gapwhedmeentthm
WDféf@ﬂeﬁ&%é324§Aa§Qdu§§§ Ls conLLot! ebyeLafné %Lntroller

gap_contr ol . Asensitivit vec repres
hg f?%étauﬁ%%ltﬁépt?GEEVQ%%%xs $5 pleni ermesathenf subtable

ordévicd thatnesfluences the loaded work roll gap of the
rolling mill 15) in response to disturbances in the
incoming strip thickness profile 211 and roll force
disturbances 216 within the rolling mill 15. Bending by
the working rolls 16A and/or 16B is controlled by the
bending controller 250. A roll gap between the working
rolls 16A and 16B is controlled by the roll gap controller
255.

A sensitivity vector represents the effect upon
the transverse strip thickness profile or strip flatness
which is created by a change in an actuator setting. For
example changing the bending while the mill is in a
particular operating state will cause the strip profile or
flatness to change from an original state A to another
state B as shown in the graph 600 of Fig. 6. The
sensitivity vector is that vector obtained by differencing

state A and state B and dividing the result by the change



10

15

20

25

30

35

which is created by a change in an actuator setting.

For exanpl e changing the bending while the mll is in

wW@2@anoidekil ar operating state will cause the sPeT/pU2007/000289

profile or flatness to change froman original state A

to another state B as shown if ¥he graph 600 of Fig. 6
The sensitivity vector is that vector obtained by

dlﬁheh&&ﬁaﬁgrsEatQ1ﬁgaﬂﬂl%hahﬁsBréggoﬂblbibnQo&h%he change
I n actuator set Ing

ult b

ﬁSﬁ‘sF%F%efér 8ﬁ§n e fromstate Ato state B. A
feed f or war d control ref erence |s a referencedfor a
control actugat ntroli,n n uired to
achi eve soneﬂcg%?rofoﬁg?egtge # géﬁ ?g?ﬁﬁlé? a reference
seéprop epnsrelpactushkozs cnptuaédnglabeadingr required to
prQEhh@ve“@bﬁQ bénE@%iubﬁ?%@t?@éegoyp?dPEEEQFIO%Eogectlon of

that | s avai ore that partrcu Sec
st FFpiBnt 8Rch tﬂé i8PFPHgInflptnespeconoprofbhmpnwhorch is

wodhllchtatbe B&bé&'aﬁbﬁnlﬁfoﬁﬁatﬂBﬁOEEQtbfgdhggllable before
e neasured,entry profijle,

d
e sRtF RSP LER BAE BT PR o nECRIb| ShEp e bR kel togrmill.
r ofhefwoostk endmomlfosmawkuged?ett?e(é@ibuﬁaEQSn &Edéﬁs
aci.l i tated by me
?Lg%%ﬁ?ﬁgﬁg?é%gfkﬁn éﬁkﬁ éln AP ?%% ?%?Fu§?§cﬁntry
depre€iien hoelelmeaeurerﬂepcmrrw entériegt the 89D1, given
al sRei BeL1EIRE f@wxf&rSé\UQEd PR %H&cﬁ@e&ﬁ‘é’@? (9311

ring exit features 217 of the netal
gfeg’zge%hg widths <k¢) p 1§ue19<|%sc%eu4=%t+%glm ¢c=1151tated by

Theemstogatlg@ rﬁ)ﬂ@éﬂéﬁﬁcﬁﬁn@éﬂ Q%E%%ﬁek?@wﬁ( £§l3r/t1r1]<a roll
I vi ce capabl e of neasu
asc@éc]f ?% gion pnfl%é? e2 gq

an exi Ness 7A and/or other features
of the exiting metal strip 12 (e.g., strip tenperature

and strip f |']ﬁ-fé‘ec§§~)trolﬂ%_)r mr%«%{fé;tz?ocg md hf d.ifcies an

gauge apparatus 215 are iTTer ent
st h JRRED AP IR S B Fanakle o mutasying eex:ut e

20feaitds QPET adf Ofld Invetdl S5 €AGES13 RANES the metal strip
12 exits the rolling mill 15. The exit gauge apparatus
215 may comprise an X-ray, laser, infrared, or other
device capable of measuring an exit thickness profile 217A
and/or other features of the exiting metal strip 12 (e.q.,
strip temperature and strip flatness). The measurements
from the exit gauge apparatus 215 are forwarded to a
differential strain feedback model 260 of the control
architecture 200 which operationally interfaces to the
exit gauge apparatus 215. The differential strain
feedback model 260 also operationally interfaces to the
target thickness profile model 220 and is capable of
calculating a differential strain feed-back 261 as a
function of at least the calculated target thickness
profile 221, the measured exit thickness profile 217A, and
a target strain profile 360 (see Fig. 3) which is

discussed in more detail below with respect to Fig. 3.



exit gauge apparatus 215. The differential strain
feedback nodel 260 al so operationally interfaces to

wao b@7nemsget t hi ckness profile nodel 220 and i SPCEpEDI0Z/000289
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of calculating a differential strain feed-back 261 as
a function of at least the cal R ated target thickness
profile 221, the neasured exit thickness profile 217A,

and a targetTﬁérﬁéasﬁféﬁéhﬁs3@90ﬁ3€ﬁepéﬁxt3g¥uﬁg'Eﬁph§atus
gssed |g nor_e aﬁ geIOMImnt respect_to FI%

RS 358 PdRB EoT MR R R, BOp AR, SUABEAVELEaLM g5asks
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o EaBabh 8N oEodeht L8l LS 2080 i0p 2P10. 48R FrFof Vector
ve Fér127xesp°nesp@nsettéeastlehetexhe tkiitkhbsekpesfile
Profivhe c8ladutba SausEaRdan! B! Beokeblirbends horkss dorack

st ack € ada I VE
st deklaetient F‘@ﬁeﬁoaép 27@ha| édapéweveslé goackf de€dection

pamaaeneeﬁlﬁlfsbozfé&!aﬂvésl Li pg1M kbrde Phi&heBB¥ B€6 from
g g neratlgg iH g tive roll gp error vector h
% T 8 g%ﬁ?rﬂF i YRLFAr Ba¥oBearsgdndy PREPEAELIAY the

coadaptinedeblzsgapperabromebtyrlBthfaC|ng to the

feed forward roll stack deflection nodel 240 and the

differential strain feedback nodel 260. The contro

nmodel 280 i sThapeentrot aperkibedhgre o200 odlse gnay sinclude a

28&0£8§oi°ﬁo&8ﬂtﬁgblbﬁgr§£1£ﬁéﬁiyOfﬁt@éfé@fngegg'Eﬂe feed-

coptrol | gap_cont r ol

r
co ?FU?F& r?gg SEﬂﬁko?ﬂﬁ}e§E+?ﬁbF%dﬂév?égsaﬁﬁafhe
i ndiftarenibbr stpdih heebdBEER meaalr@bb gaﬂh@fcéﬂﬁrol model

{
i 1387 Sa bapakPe o SERBEREERS Sedhtral stidmRbe RpLrRRR for
ancehtreohbirgcaht todsteomet 0fi theVieetdisg 2ddnti#bkler 250,
coeﬁér%%goeaﬁe%ﬂez%ﬁfow 9§§1 p! é&ﬁ&&%@ﬁ ¥5 K and

in a contr na ner e bendln
coRERRF | Ribaple deviess rehatrinthucass @ obdumtof the loaded

copbER| +611 2980 3£ e s O¥d TLi AGSRELL | ¥§, N | r L0 4RE0 o at

paI[eas eﬁﬁe glfferentlal strain feed-back 261 and actuator
profile and flatness control sensitivity vectors 241. The
coolant controller 290 provides coolant to the work rolls
16A and 16B in a controlled manner. The bending
controller 250, gap controller 255, and coolant controller
290 each provide respective mill actuator parameters 291-
293 to the rolling mill 15 for manipulating the various
aspects of the rolling mill 15 as described above herein
to adapt the shape of the metal strip 12.

Fig. 3 is a more detailed block diagram of the
control architecture 200 of Fig. 1 and Fig. 2, interfacing
to the rolling mill 15 of Fig. 1 and Fig. 2. Fig. 3 also
shows the metal strip 12 exiting the caster rolls 22,
pPassing by the entry gauge 210, entering the rolling mill
15, exiting the rolling mill 15 and passing by the exit

gauge 215. As an option, the control architecture 200



293 to the rolling mll 15 for manipul ating the
various aspects of the rolling mll 15 as descri bed

wW@bwvaotses ei n to adapt the shape of the netal BCT/ApP2aD2/000289
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. Fig. 3 is a nore detailed bl ock diagram of the
control architecture 200 of Fid? Tand Fig. 2,
interfacing to the rolling mlIl 15 of Fig. 1 and Fig.
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set by the buckling characteristics of the strip. Any
condition which does not exceed the buckling limit
constraints will produce a control response yielding

profile and flatness improvements.

The measured entry thickness profile 211 is an
input to the target thickness profile model 220 and is
Processed by performing time filtering and spatial
frequency filtering using time filtering capability 222
and spatial frequency filtering capability 223 within the
model 220. The target thickness profile model 220 may
include a strip model 225 which serves to incorporate
buckle limit constraints and/or profile change limit
constraints into the target thickness profile 221 being
generated by the model 220. Such limits keep the geometry
change of the metal strip 12 from approaching parameters

that can cause the metal strip 12 to buckle during



The neasured entry thickness profile 211 is an i nput

to the target thickness profile nodel 220 and is
w@e@cassesl by performing tinme filtering and spedT/ai2007/000289

frequency filtering using tinme filtering capability

222 and spatial frequency fiITEQQﬁg capability 223

within the nodel 220. The target thickness profile
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profile 221 incorporates t r OVemnen

i neBRPRGELARL )Yt krerkebbeprarintioniipnhhej cast geometry.
conpatible with strip buckling imts . As a result,
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caster, the TAr3BroTTPRRACEE ) Yt pRP2IamGpt | of the present
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20 and where LFP() is 222 lLow Pass Filter with a
time constant set around 1-10 caster roll revolutions,
and where H(x) is 211 Entry Thickness Profile,
and where dHhfspill (x) = sHerror(x) -
dHerrorLimited(x); High frequency spillover to target to
25 avoid local buckling, and where
dHerrorLimited(x) = minimum (dHerror (x) ,
Limit_dh(x)); 225 Local geometry change after buckle
limiting, and where '
Limit_dh(x) is evaluated from Limit dh(x) = H*
30 (K*Cs* (H/Wc (x)) **2 + correction for average total strain
and applied tension, giving maximum local geometry change
to avoid buckling, and where
H = average entry thickness,
We(x) = local compressive region width,
35 Cs = pi**2+E/ (12 (1-mu**2)) elastic constant,

K = constraint scale factor.



dHerrorLimted(x) ; H gh frequency spillover to target
to avoid | ocal buckling, and where dHerr orLimted (Xx)

we2007n0w38Nn (dHerror (x), Limt_dh (x) ); 225 Lop@&i/AU2007/000289
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geonetry change after buckle limting, and where
Linmit_dh (x) is evaluated fromi3mt_dh (x) = H*
(K*Cs* (HHW(x) )**2 + correction for average total

strain and appéi&fot8NStRA. takYeBItRBEkANLL! BE8Eile model 220
geonetr i d bucklln%, and where H =
T
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t hi ckness profile information instead of actua

measur ed enhﬂﬂ%éfﬂé%!@éf&f”éﬁé'éhéfﬁ‘&éﬁ&é‘&ho of the control

architecture 200 may not be present, or inhibited such

that the resultant target thickness profile 221 is based
on estimated entry thickness profile information instead
of actual measured entry thickness profile information
211. Therefore, the target thickness profile 221 is
independent of the actual entry thickness profile 211 in

such alternative embodiments.

The feed-forward roll stack deflection model 240
may be a complete finite difference roll stack deflection
model or alternatively, a simplified model which predicts
the required profile actuator settings to improve the
loaded roll gap form to match the desired strip thickness
profile. Inputs to the model include the geometry of the
rolling mill 15, the incoming strip geometry, the roll gap
pressure profile 231 between the strip and the rolls, and
the desired or current rolling force 216. Outputs of the
model are the optimized actuator control references 242

for feed-forward control and the actuator profile and



211. Therefore, the target thickness profile 221 is
i ndependent of the actual entry thickness profile 211

wo poosuel3osl t er nati ve enbodi nents. The f eed- f or ReXr/AU2I7/000289

10

15

20

25

30

35

stack deflection nodel 240 may be a conplete finite
difference roll stack deflect? P rodel or
alternatively, a sinplified nodel which predicts the

reﬁmataéseraéhbetaehuﬁteéc%%kglQ@& E8ri REOYR tHE feedback
| oaded r PgFﬁFformto match the desired strip

t hFERMTES Inputs to the nodel include the
geonetry of the rolling mll 15, the incomng strip
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SUbt roaxgst. Iflxgo Lgh SyStlelrE.Hr}gl Cstraain profile 310 when the

rolling mill 15 is engaged. The systematic measurement
errors are generated through comparison of the entry and
exit thickness profiles when the rolling mill is dis-
engaged. TIdeally, no systematic measurement errors are
Present in the strip casting plant 100, and the
measurement entry and exit thickness profiles will be the
same when strip casting plant 100 is operating without the
rolling mill being engaged. However, this is seldom, if
ever, likely. Therefore, the systematic measurement
errors are nulled out (taken out of the estimate of

rolling strain profile 310).

Also, other exit gauge information may be
incorporated into the estimate of rolling strain profile.
Signal processing 330, to detect buckled sections, and

temperature compensation capability 340 (compensating'for



errors fromthe rolling strain profile 310 when the

rolling mll 15 is engaged. The systematic measurenent
weewonel3es e generated through conparison of theCEAU20p7/000289
and exit thickness profiles when the rolling mll is

di sengaged. ldeally, no systeﬁmﬁ%d‘neasurenent errors
are present in the strip casting plant 100, and the
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20 comlr cldeerusdil td hRertdrm G GRAUHRI8A5%0 20t ddift
f%&%&%&ﬁéﬁ“&fﬁﬂ the differential strain feed-back 261, the
result of which are the scalar actuator errors for the
various actuators used in the control scheme. When the
flatness control sensitivity vectors 241 are not available
25 from online calculation, then they may be provided from a
non real-time source such as offline calculation or manual
approximation arrived at via experimental observation.
Irrespective of the source of the flatness control
sensitivity vectors, the resulting scalar actuator errors
30 are in turn used by the feedback controllers 370 and 380
to perform their function. Within the control model 280,
symmetric feedback control capability 370 and asymmetric
feed-back control capability 380 are performed to generate
the control signals 281 and 282 to the bending controller
35 250 and the roll gap controller 255.

The potential of a particular region of the strip



controller 290. The flatness control sensitivity
vectors 241 are used to performthe mathenmatical dot

w@e@daetooperati on with the differential straiPCT/AU2007/000289
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f eed-back 261, the result of which are the scal ar

actuator errors for the varidu®éctuators used in the

control schene . Wen the flatness control sensitivity
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profile.

served rolling straln

The bending controller 250, gap controller 255,
and coolant controller 290 provide mill actuator
parameters 291-293 to the rolling mill in response to the
control signals 281-283, feed-forward control references
242, and operator trim inputs to achieve the desired strip
geometry result. The bending controller 250 controls roll
bending of the work rolls 16A and 16B of the rolling mill
15. The gap controller 255 controls a roll gap between
the work rolls 16A and 16B. The coolant controller 290

controls the amount of coolant provided to the work rolls
16A and 16B.

Such continuous twin roll casting allows the

plant 100 with the features described to respond to the



capability 399 supported by the control architecture
200. In general , feedback control using segnented

wapagotsemders, roll bending, roll tilting, anPCDADZ07/000289
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roll crown nanipul ation actuators, as available, may
be acconplished to mininize the?®rfor in the observed
rolling strain profile . The bending controller 250,

gama@ﬁ&tp&bb@@szaist@ﬁﬁaﬁﬁékaahdp?%BF%EE?%]%%%é%h%ﬁ%%Ea

i t uat. ar.aneters, 291-293 . ) )
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tngss PRSrahing ste@elFrrents. In step 430, an exit

thickness profile 217A of the metal strip 12 is measured
after the metal strip 12 exits the hot rolling mill 15.
In step 440, a differential strain feedback 261 is
calculated from longitudinal strain in the strip by
comparing the exit thickness profile 217A with the target
thickness profile 221 derived from the measured entry
thickness profile. In step 450, a device capable of
affecting the geometry of the strip 12 exiting the hot
rolling mill 15 is controlled in response to the
differential strain feedback 261, state of the rolling

mill 15, and incoming thickness profile 211

In the method 400 of controlling strip geometry
in a strip casting having a hot rolling mill 15, the
device capable of affecting the geometry of the strip
exiting the hot rolling mill may be any or all of a
bending controller 250, a gap controller 255, and a
coolant controller 293.



rolling mll 15. In step 420, a target thickness
profile 221 is calculated as a function of the

wore@snosms entry thickness profile 211 whil e sarCEAY2000000289
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profile and flatness operating requirenents. In step
430, an exit thickness profile 247A of the netal strip
12 is nmeasured after the netal strip 12 exits the hot
rolling mll 15 . In step 440, a differential strain

f eedback 261 s cal cul at fromlongitudinal strain in
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exiting the hot rolling mll 15 may be further

controlled in response to the cal cul ated feed-forward
control ref &¢hc® A adfdirchart off qumstddd 500 of

sesoduddny diexd ast strip with a controlled strip geometry
by continuous casting. In step 510, a thin strip caster
having a pair of casting rolls is assembled having a nip
therebetween. In step 520, a metal delivery system is
assembled capable of forming a casting pool between the
casting rolls above the nip with side dams adjacent the
ends of the nip to confine the casting pool. In step 530,
adjacent the thin strip caster, a hot rolling mill is
assembled having work rolls with work surfaces forming a
roll gap between them through which incoming hot strip is
rolled, the work rolls having work roll surfaces relating
to a desired shape across the work rolls. 1In step 540, a
device is assembled capable of affecting the geometry of
the strip exiting the hot rolling mill in response to
control signals. In step 550, a control system is
assembled capable of generating a differential strain
feed-back, and capable of generating the control signals

in response to the differential strain feed-back, state of



241. Furthernore, an adaptive roll gap error vector
271 may be generated fromthe neasured exit thickness
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feed-forward control reference 242 and the sensitivity
vector 241 . Fig. 5is a floRt™ of a method 500 of
producing thin cast strip with a controlled strip

geeﬁatmxlmy ﬁ?ﬂthﬁﬁeﬂinga%thﬂneE? §E8?é§ég IgntEEEp 560,

av a,pair as

oo EhB.FRRERRY AY=Han 55 ; nereptianshiy| rospeptagotonthe

nedandeIcapableysfeaffecasﬁgnhhedgéaﬁabky et E?é”hﬁgl

I t ve
o, GREkiRg D8l nlelvesn,Doneatt ngerolls gheve(he el s
théscagp;géuggd|betwegnethSQaladpﬁceastihg talhsstéi form a
Caé&SEln? ﬁeblrghﬁtagtaa'% 'éa@é§ﬁ&?éﬁ?f2@¥éngfm@£e casting

surfaces form.n gap
thﬁﬁi%ﬁrﬁﬂﬁﬁlﬂﬁﬁchylHE%th@ehéngtrlEnlst%DISGG, the casting

Work1ll8! hsehayuffleorktatbd €8 £8£RSsbBLAIFNEd ReBal shells

d h rk.rolls,_In step

Geh Ehe SIRBERRET 3F MRS P Rebingl FaLLF naRe rEABokRLRysteel

ofsthapsthrpughlthagniﬁébébﬁeemlth@gcastiTgnréfsﬁoﬂﬁem the
[ I t 5 tro ste

tos&Pf&ifieé'QE?%fs Mgy §P ? Q a ne}n?ﬁm%?g F%ﬁﬁncast

assenbl ed capa of genera ng a di e
f etbrbRcks satledeetecen thaovatk nolhe ebnthelhot rolling

|
Lo ot vespany st adle, bidsheriiel ot 4, ot tho vor
djrf / |]?1e%

priot B 560, t‘%%é*%’ﬁt%ll%ysqt%a «oolant provided
Op'm athenablly coIleCciedrdspdide deyiLe mlcﬁn@fof the

OBl Iy, t he str| exitin
CF %%&?n %"P& S5t Ep %%F ?ro‘f}f%rrq FRREEY s°g’7 n‘i}P%o‘E&’%os‘:rlp
baw‘ewg hehediot ofoldaistg myiXbl s to form a casting
pool supported on casting surfaces of the casting
rolls confined by the side dans. In step 580, the
casting rol 1K dihe axihcst 500 atthe devigemaapabdie iak

et e Stiald SLH Jdtnets: %w&r&é st asti dithd Oéﬂé i

gg:%t Lg{qn d'l?:’?]gl? f]r%t Lo éae r<;~onueg hoxt‘ r}neorneI pofbe; Vb\ee%r::l:fnge controller
250, a gap controller 255, and a coolant controller 290.
The control system is further capable of generating a
feed-forward control reference 242 and a sensitivity
vector 241, and further capable of generating the control
éignals 281-283 in response to the differential strain
feedback 261, the feed-forward control reference 242, and
the sensitivity vector 241. The differential strain feed-
back 261 is calculated from longitudinal strain in the
strip 12 by comparing a measured exit thickness profile
217A with a calculated target thickness profile 221
derived from a measured entry thickness profile 211. The
feed-forward control reference 242 and the sensitivity
vector 241 are calculated as a function a target thickness
profile 221, derived from a measured entry thickness
profile 211, and a roll gap pressure profile 231 to allow

compensation for profile and flatness fluctuations in the



solidified shells. In step 590, the incomng thin cast
strip is rolled between the work rolls of the hot

wo edoziteugosyi | | and varying at | east one of the PCI/AU®P000289
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of the work rolls, bending by the work rolls, and a
cool ant provided to the work TAG s in response to at
| east one of the control signals, to affect the
geeaetr ytefipt he .hot strip exiting the hot rolling mll
I'n the method 500, the device capable of affecting
the geonetry of the strip exiting the hot rolling mll
15 may be onﬁherbendén@fcanbf?ﬂiég 35?;r?ﬁbeé05590%%2r 255,
0 apdsa coql apt contr r .
0200820 EoLLEL 2300 20007 208 AMeLONERLLEL 4004c I
f ebafluenged tbat Lloadedf eprkceolll2gapndmaysbastcbhyidired to

VQBéQ§a£ﬂ;ofa€ﬂefHéﬁgfél959@9i€e8£u9§25§ﬁéinﬁlgggnatively,

trol signals 281-283 in_response
i PR RRRPLRIsPPAFACLLEBLASR, 263P ehotroblies o?Bay dooolant

commad:olzeéerza?e 244, oellfi@r g Qﬁisfﬂgéétl&&riéég?/% E{% 1.
Th ifferentjal.strain e is t
fr%%éﬂéﬁ@ﬁ?ué%ﬁa+°§??ﬁi%°¥ ?ﬂ@fsg%Pdmil_%? eomphdered to be
a pauk wedths| rOlhlngne:B.'lsl p15)f il ﬁzll_ﬁﬂzgzi][wt hlﬁ adc?ordance

' s profile erive roma .
CoLEA At S LLEES P 2R LU LEED Bt
f RPIGFIPE Elomteontrel crerivktocuem 200 ensprisé teansydered
Vertgir 24Jf abrke GRbde b2 hasted WAL P L3l g@%%ﬁoyl

t hi ckness I%ﬁi#inZl derived froma neasure

t HERHESTS 1 eR i 190 21 1Fon REARIR | ghe hrrding coonitdller
22500 gip corcangEnsAt158), faid iﬂé&flé_.r@t 8%%%:_&&111%5290 may be
fl ' ' hecast str.i . e bepdin
cé#%%%?%%%ggé%?:%ﬁuyﬁﬁﬁn?éﬂﬁéé cantr (ﬂ?ﬂﬁl(é§ﬂrQﬁI¥he
25pntael @rehitactuds &Qbyvi ce that i nfluences the

| oaded work roll gap may be considered to be part of

the control _architecture 200. Alternatively, the .
bendi ng contfo|FuEmMaxyy, ag e thest eoid @pregstusocifagontrolling

Cartinipl Igfomky aiitfl Dl inkdwab aride w8 téggtégi%aving a
hot rolling mill is disclosed, with a control architecture
using both feed-forward and feed-back to control the
geometry of the cast strip exiting the hot rolling mill
while preventing buckling of the cast strip.

While the invention has been described with
reference to certain embodiments, it will be understood by
those skilled in the art that various changes may be made
and equivalents may be substituted without departing from

the scope of the invention.

In addition, many modifications may be made to
adapt a particular situation or material to the teachings

of the invention without departing from its scope.

Therefore, it is intended that the invention not

be limited to the particular embodiments disclosed, but



i nfluence the | oaded work roll gap nmay be consi dered
to be part of the rolling mlIl 15. Simlarly, in
waewonadgace with certai n enbodi nents of the prEGEAU2007/000289
i nvention, various aspects of the control architecture
200 may be consi dered a part of2%re nodel or anot her
nodel of the control architecture 200. For exanpl e,
t hehhendhag1ﬁeah!;%heh12§0ma@ﬁd§Oa!i.'10 Bdgﬁléntgngalil.lng
cool. ggt c troIIer 2%0 ga be caonsi dere e part
t h¥* ﬁ? enﬁﬂSPeZS 5het pePeBreforlai®git ect ure 200.
In summary, a nethod and apparatus of controlling
strip geometry in a continuous twin roll caster having
a hot rolling mlIl is disclosed, with a contro
architecture using both feed-forward and feed-back to
control the geonetry of the cast strip exiting the hot
rolling mll while preventing buckling of the cast
strip. Wiile the invention has been described with
reference to certain enbodinents, it will be
understood by those skilled in the art that various
changes may be made and equi val ents may be substituted
wi t hout departing fromthe scope of the invention . In
addi tion, many nodifications nmay be nade to adapt a
particular situation or material to the teachings of
the invention w thout departing fromits scope.
Therefore, it is intended that the invention not be
limted to the particul ar enbodi nents di scl osed,
butthat the invention will include all enbodi nents
falling within the scope of the appended cl ai nms
.CLAIM5 : 1. Anethod of controlling strip geonetry
in a strip casting plant having a hot rolling mll,
said nethod conprising : nmeasuring an entry thickness
profile of an incomng netal strip before the netal
strip enters the hot rolling mll ;



calculating a target thickness profile as a function
of the neasured entry thickness profile while
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requi renents; neasuring an eX|t t hi ckness profile of

the nmetal strip after the netal %ﬂrlp exits the hot

rolling mll; calculating a differential strain feed
backAtmsn1Iongitudinal strain in the strip by

conparing the exit thickness profile with the target

t hi ckness profile derived fromthe neasured entry

thlckness prbfméﬁhodndfcoamtﬁbllﬂ@gasﬂfﬂpC@e&ﬁ@aﬁyelﬂfa strip

orFr ks prEnSRIEAE &' phCrSh iy “at b CprTd, mRthar

st?'ainnr#-eeugback 2 . The rret hod of claim1 where the
devi ce Capa%@a@&rﬂée&' Féfetﬁi éésY §rofffe58£'£n

exiting the hot_rollTng sse om one
noit’écelfllwe’f“@%%pstﬁhe.%Ffﬂgeof-ha IB%F@IJ- ngtz::zamqeotees the hot
a gapleagtholier and a coolant controller . . The

met hod of cl ai cl ai 2fu y risin

cal cul ati ng %a#%i‘]jrafg’a'bg T e53THe p{}b’f?]frée § cﬁ‘ﬁ‘?:ﬁ’el%rﬂ?ya

t hfehatsen pobHfthe messdradnenbng thilckiasacheofsléChhile

O b= BPlod GbLoBA L Lha FRLERLALI B0 AL 060 OB dhents;

contro rence and a Sensrtivit
function of MersSuREREtan rkncthighndss oxofildecof cthe metal

JaPtPieSster PERY ih&ed D StLHY SoIPensid '19511;1‘95191195 hE11;

and flatness fluctuations in the cast strip
andf urt her CGHFHIa% Wt%éi’d%ﬁﬁ@%ab?%r%‘fn dieedthagk from
t hbo@ganum.’c:yabfst:l‘ﬁmstim PLigXi § tip (e dthpdOlhd n@hén dkit

cu ated feed-forward contr
rg?ﬂ(i-:\:?%%ggeé%r#d:o s%?i ca e dERRTRY ¢ A v@‘%%t%’”’?ﬁle
TiRexEred df oim cthe mqasuresﬂ a&amtey fthidiesomrosihyg: and
controlling a device capable of affecting the

geometry of the strip exiting the hot rolling mill in

response to at least said differential strain feed-back.

2. The method of claim 1 where the device capable of
affecting the geometry of the strip exiting the hot
rolling mill is selected from one or more of the group
consisting of a bending controller, a gap controller and

a coolant controller.

3. The method of claim 1 or claim 2 further
comprising:

calculating a roll gap pressure profile from the
entry thickness profile and dimensions and characteristics
of the hot rolling mill;

calculating a feed-forward control reference and
a sensitivity vector as a function of the target thickness
profile and the roll gap pressure profile to allow
compensation for profile and flatness fluctuations in the

cast strip; and



calculating a roll gap pressure profile fromthe entry
t hi ckness profile and di nensi ons and characteristics

wo@Roovhesot rolling mll; calculating a feed-fPptmapzho7/000289
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control reference as a function of the target
t hi ckness profile and the rolT g pressure profile to
al |l ow conpensation for profile and fl atness

ool Ll og fuothas Sastréliisy R VLD capable of
cont.r.ol Li.n e device ca of affecting

COBFERFYLBR HHE GEPPRCEY, BRnthenctRie SSEFERG ERel hok

r espdhsegt midai dncakspbasedtbeegdifioenmedlaea8l! 8bed-forward

had. qf ' laim 2,
R e e R —

roll gap pressure profile fromthe entry thickness

prafile and Shavpsipls SRGLDARAEISEI S1LER Of clEn Dot
rolling, mll; calculating a sensitiviiy vector as a
f URCTPBHRSHRIf he target thickness profile and the rol

gap pressurecplhideid® @Ji@vlC@Q@%@§é§é&¥bfﬁéﬁfﬁféiffbm the

d flat fluctuatiopns in_the cast strip; o
FLPPRE] EBRSRBPFPrbot kol BetPdcaLaaB enbl shif Sbrragteristics
t hef gbbethoy obllimgshilp;exiting the hot rolling wny
[ ' cul at e ensitivity vector,_.

1 tesponoe b spl gkl o ALl ASIRLL LIS W esr oo as o
fuﬁ?%@?ieﬁnﬁfi§hﬁgt§EMQtathhgknﬁsadmefﬂber@md the roll gap
erpBEs¥8et Oprbf ot 6 Q?ﬁé#réﬁﬁf%ﬂ§a£f$ﬁkfgfs?ﬁéfiiéeand

n ing t adaptive roll gap error vec
2&?%%?%?$ﬁgf§?cF%£§%%m% W thR Fasl-$BFiR Rrdnt r ol
ref erence anfuttiee:s eit&i%ﬁddlz}ﬁgv’eﬁté)ﬁeiice Ulléioallﬁ?{é@ﬂf
of o) he precedin ai ere, cal cul ating
snﬁ%?%é#%ﬁ? %%%d%?é@%?fﬁcﬁ Iéﬁ?n%&ﬁﬂ%éefkﬁ¥Qﬁrﬁ¢® hot
| eeetling milliim fespansagtanshibpatabtulated feed-forward
control reference.

5. The method of claim 1 or claim 2 further
comprising further comprising:

calculating a roll gap pressure profile from the
entry thickness profile and dimensions and characteristics
of the hot rolling mill;

calculating a sensitivity vector as a function of
the target thickness profile and the roll gap pressure
profile to allow compensation for profile and flatness
fluctuations in the cast strip; and

further controlling the device capable of
affecting the geometry of the strip exiting the hot
rolling mill in response to said calculated sensitivity

vector.

6. The method of any one of the preceding claims
further comprising generating an adaptive roll gap error
vector from the measured exit thickness profile and using

the adaptive roll gap error vector in calculating at least



frequency filtering. 8 . The nmethod of claim2 where
said controlling step includes performng synmetric

wo e@dAaaek control and asymmetric feed-back comtT/al2f/000289
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t he bending controller and the&%ﬁp controller. 9 . The
met hod of any one of the prece g clainms where said
controlling step includes subtracting out systematic

er 6ﬁéS of:‘r eHes gedddicbi-aheat cahteblararbeadcBagkqavign
s _engaged, said systematic errors

nSJ. ?mlle
be| 5¥ed®FkPSugh conparison of the entry and
exit thlckness proflles mhen the rolllng mill is

d d. t pe f the reced
cigsﬂgaaﬁere%ggl g?r% 15 ﬁ% s?ep nEﬁﬁd@geﬁ ?f%?n?ﬂ%lms
teWb@FatGFéCBéﬁﬁéngaﬁﬁed hﬁGQQUCKhGCHBEGStpnnf;léllncludes
Thpeﬁsmqaﬂngf aeom&aeltl bHQ Sk ’I:FmgengEéiél%B W%aat Eggtaal

% g having_a_hot rolling ml alrm ere
cohfrarFRraY gFéEeFﬁegudes performng at |east one of
oper ator-induced cool ant trimming and operator-induced
bepding tri he. net hod of any one of the

prgcedlng cﬁg%ns ﬁﬁ%?% L0 TR et VRRFRKFRIY FPREFPELing step
i nhn@l’@@estPﬁpfbmkhgngymnéﬂrlé\ feadirbhcRr 66ht£61 UARA

foésfﬂﬁéﬁfiéiﬁg 81559 SQHEL5¥ 6E3a|§t£eg astéggtroller and

p ant having a lThng m R3RE
t%%?u?%n56ﬁ5¥?§rng an entry gauge apparat us

capable of neasurlng an entry thickness profile of an

I ngom ng net strlﬁ)ggﬁgre said netal strip enters

safd rolli ngﬁ'h?lrf‘e X FHY 1M e sth e RFesedingicglaims

ca@b@te sdidatonteslhing éa&gein&hmﬁkﬂeﬁﬁbﬁf@étiﬁga§u@

S d en I ckness

%3?%“%3%?% B TR FEEE SR i d PeESRERS) o Prais feed back
SRR et 8ollomg arill ghsigengaped at said appbtematic errors

rﬁﬁé&ﬂérﬁbﬁﬁkated through comparison of the entry and exit

thickness profiles when the rolling mill is disengaged.

10. The method of any one of the preceding claims
where said controlling step includes performing

temperature compensation and buckle detection.

11. The method of controlling strip geometry in
casting strip having a hot rolling mill of claim 1 where
said controlling step includes performing at least one of
operator-induced coolant trimming and operator-induced

bending trimming.

12. The method of any one of the preceding claims
where said target thickness profile inhibits strip
buckling.

13. A control architecture for controlling strip
geometry in a strip casting plant having a hot rolling

mill, said control architecture comprising:



exit thickness profile of said netal strip after said
nmetal strip exits said rolling mll; a differential

wareoaitenddeed back nodel capabl e of cal cul at i ngP@&r/AU2007/000289
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differential strain feed-back fromlongitudinal strain

in the strip by conparing t hé &Xi t~ t hi ckness profile

with the target thickness profile derived fromthe

measur ed entay éﬂtﬁfngéﬁg@rQﬁpéﬁatﬁgdcépS?ﬂérQf HR4Ehring an

controllin Ice ca e of affecting
ChBRBEY Bbi GRBPES  rofiln BE SR GAPABLAG mEBRL RGTASI Pofore
|nsaedpmeteltstaiplentérsasdldiféhlﬁﬁ?lﬁ?lggragn f eed
back. 14 . The 0 C re
t he device Ggpt%$£é£ Lh gé¥%€lf §?£WB%P¥Q§
st Fapcelkating ?htah9§trbhlchgeﬂﬁlPrcﬁlSeIastadfﬁnoﬁlon of
ONgafd ﬁ@é@uf&dtQﬁtgﬁoﬂﬁleﬁﬂééétbPSffieawﬁfmg'Qgtlsfylng

contr i controller, and a cool an
coﬂf?’g'} erands a#ﬂ%séoﬂl’?{-ﬁ?t%‘éhF‘F%!—H?’éeéf-sel aim 13

or claim ?.4 étluré:lhﬁ‘t GNP | ratud OapdsDe n@ﬁ?‘:%l?aésurlng an
ul at i sure pro

FrORFE nE gleifﬁ??gf rﬁ:&%ﬁgéﬁ 3$fﬁf€ %Jﬁ;?l ﬁ’éﬁ%ﬁoﬁgtﬁﬁds“d

cheebtal estuip caxitst baidioto & Ngi and a

feed- forwarda C?i ﬂ&?ﬁgffé na%ir?%é@t?%acﬁé‘ a(%%l capable of

cal cul ating orward control erence”
se%%%@ﬂka¥yn@e%t@4fﬁsr9ntuﬂbt$t¢a:n ferdthagkt from

tfu&ﬂgﬁﬁﬁaiﬁéilésréfﬁ 1Hetﬁ8|ét£E§’%?eééﬂﬁgrpﬁgfﬁﬁg {Pit

w co ensat for profile and atn
%% §?ﬁ°#hﬂec%%F sthe ptanget THickpess profile
ard)énr:lm Uff 010 f tiod ahda ddred @iﬁtﬁlbilﬂl'ﬂu.é]?hﬁé§§rproflle, and
conpri si ng: aroII e C 1i
rol| gap préssure p‘?“g ?Eed]\?r ‘?ﬂxﬁe"é% b device
predpaleef dffecting il g}éranat;ﬂ:mrcpﬁttlms otripeekiting the
robdd NbIMddg mill in response to at least said differential

strain feed back.

14, The control architecture of claim 13 where the
device capable of affecting the geometry of the strip
exiting the hot rolling mill is selected from one or more
of the group consisting of a bending controller, a gap

controller, and a coolant controller.

15. The control architecture of claim 13 or claim 14
further comprising:

a roll-gap model capable of calculating a roll
gap pressure profile from the entry thickness profile and
dimensions and characteristics of the hot rolling mill;
and

a feed-forward roll stack deflection model
capable of calculating a feed-forward control reference
and a sensitivity vector as a function of the target
thickness profile and the roll gap pressure profile to

allow compensation for profile and flatness fluctuations



and a feed-forward roll stack deflection nodel capable
of calculating a feed-forward control reference as a

wo eovettosms of the target thickness profil e and p&EADZI0N/000289
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gap pressure profile to allow conpensation for profile

and flatness fluctuations intHh# cast strip. 17. The

control architecture for controlling strip geonetry in

cashi BBestabp bexipg a hot rolling mll of claim 13 or
claim14 further conprising: a roll-gap nodel capable

of calculating a roll gap pressure profile fromthe

enlfy thi cknBss qowtrdér anchilteetsionsf adlaim 13 or claim 14

ch I SELCS: he hot rolling mll; and a
fegg?%‘rg%/a?%llnﬁgf‘?igééck defl ecti on nodel capabl e of
cal cul ati ng & sehbTgapingdekceapalbe cof uralicohatinghe roll

taégﬁtpkag§ﬁﬁgsﬁr8f91élfraﬂdtﬁgg?ﬁek%f?ﬁfeﬂﬁ%gsré?ofile and

prgfl le {o all ow conpensation. Er e an at Ness

f | OLPERELORS PRdtFRaEACtesiFEhes 18T . thpchebnredling mill;
arahdt ecture of any one of clainms 15 to 17 further
conprising an adaptive roll strack defl ectjon podel

capabl e of g%n%?%@i%‘ﬁrv&?édﬁ%if \/%t?%flgﬁlgajpe‘éﬂ'%? model
Vegapable00fthe;qEBSUind axfeedhfckwasd @ontidé: A8flerence as
usin . [ r p C

ol CoTATT ool gk | Hie | bkaPEPCRLERRIEDREELTS ang pap =01t

r eI BP cPERS gnEe tPreeShei o valiowecompensatigmefooprofile and

arehhtees s L1 dWiONe Ph €hdi EBsd3sipig8 Where said
target thickness profile nodel furtherincludes at

| east one of tine filtering capability and spati al
frequency fiTHeerdomtespahtdhitedtupRrfodfcdit ol BindiGstrip

SUfehBEr A NEERS JLALL IR0y 06 E0RLH Blog mura o

i reladesld oy edain cl4 sturthek coqgemiding: and an

asymet ri ¢ feedjbace s anahil iéébaflﬂre %téﬂéﬂﬂ!gtfx{be a roll
gap pressure profile from the entry thickness profile and
dimensions and characteristics of the hot rolling mill;
and

a feed-forward roll stack deflection model

capable of calculating a sensitivity vector as a function
of the target thickness profile and the roll gap pressure
profile to allow compensation for profile and flatness

fluctuations in the cast strip.

18. The control architecture of any one of claims 15
to 17 further comprising an adaptive roll stack deflection
model capable of generating an adaptive roll gap error
vector from the measured exit thickness profile and using
the adaptive roll gap error vector in calculating at least
one of the feed-forward control reference and the

sensitivity vector.

19. The control architecture of any one of claims 13

to 18 where said target thickness profile model further



bendi ng controller and the gap controller. 21. The
control architecture of any one of clains 13 to 20
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includes an automatic nulling capability capable of
subtracting out systematic ertot® from said

differential strain feed back when the rolling mll is
at ECofr [ e ‘1
engageddesahd iéﬁb@nahéhof E2ha g%%gg§??8tﬁgéggé%%ty and

through_conparison of .the entr X
pr8??%é§imﬁgﬁqPﬁ8°¥oFF%ﬁﬁrﬁPglCFEaHF§éﬁ§a§§dPa£2 ofThe
conallohilatihyt saidr tapfe8N¥h0B8RNBEsChabEB143 t0 21

where said differential strain feed back node

i ncl udes tenperature conpensation capability and

bugRte det ecthenceniadl |atghi@Sctdhe 6pnéldim 14 where said
ar&bht 861 UhSa01 PRAY1988s Of giﬁh%%f%é %8e§2b¥$§rgaggﬁglity
control architecture supportS af Teast one of _
opRPdt 3R - pRYIRRErteofend Packntapabhli tyefart ocomtiueklling the

beibehding I ¢SHLAGLILA . addetkONGLP! cSheRL1LEUr e of any
one of clains 13 to 23 where Said target thickness

profile model inhibits strip buckling. 25. A method of
pratiuci ng t Hitre casttsdl igrohitect e ®ldmd sid id® claims 13

' sting said nmetho
Cor S e AL S SRR S e mach et
a PFrudes captanePnatic mulding capabikighatapsbile ¢b)
assarbld e dy (B8l sylbldnbl o YA G AP £ Of JOEM NG5 a1
a casting_pool between the casting rolls above The nrp™
wi?%%’bgf%%ﬁrsb%fﬂj dthar thee zokking nill fip engaged | reaid

s adyh ot € 1y adzs (Kéilﬂgsséﬁﬁé:’falﬂ%hd %ﬂﬁﬁf@fﬂr kéd?%altéliébn of
\?\:i{}LeD e%}f ralncfl ehxo:iFt rt%ilc_lkr}gesn; profaiVJlensg wVI\Pen the rolling

mill is disengaged.

22, The control architecture of any one of claims 13
to 21 where said differential strain feed back model
includes temperature compensation capability and buckle

detection capability.

23. The control architecture of any one of claims 13
to 22 where said control architecture supports at least
one of operator-induced coolant trimming and operator-
induced bending trimming.

24. The control architecture of any one of claims 13

to 23 where said target thickness profile model inhibits
strip buckling.

25. A method of producing thin cast strip with a
controlled strip geometry by continuous casting, said
method comprising:

(a) assembling a thin strip caster having a

pair of casting rolls having a nip



work surfaces fornmng a roll gap between them through
whi ch incomng hot strip is rolled, said work rolls

whaoorng3eor k roll surfaces relating to a desi redI/ab2pe/000289
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across the work rolls ; (d) assenbling a device
capabl e of affecting the geonet?% of said strip
exiting said hot rolling mll in response to contro

signals; (e) assenberadetweantr ol ?ysgeg1cap?ble of

cal cul ating ifferen strain fee ac rom

Iongitudinal???raﬁﬁseﬂkﬁﬁggsﬁrpﬁ By EeipYPrHgSYsten capable

t hi ckness profiIeOW|Ebralhgrgebabhuﬁgnp8&1p$@&wé6ndthe

derived froma ne e t hj ckne profil e and,
@gg&ggg QLixs abs Xﬁs%ﬁFo nyp Wé56t51de dams

generating control sign I'n resp
sai d cal cul at ed dﬁﬂﬂépéntl&hesendsnofeeueba¢b tandoffine

connecting said cgggaoga§¥§£§nggglsald devi ce capabl e
of affecting the geonetry Strip exiting said

hot rolling &I FﬁS?ﬂébbﬂge ﬁéJésﬁatgéhethed sbnipotaster,

signals fromthe aonbtokosyihgnhliﬁ hlbﬁngehéeﬂ Qélls with
claim25 where said ﬁeV|c 8 affectlng t he

geonetry of said gPF SE§ BFﬂlﬂﬁt rBPFFn@aH1PFtWeen
is sel ected fronwbhemothnuugho&hibh fheoRingNRLEt £B8Pip is

of a bending contigiles, £.08PuERR Lo &Moo Bory ro11

cool ant controller The et od 0
26 where said confpbfacgstredatirgrther depibéd shape across

calculating a feeghéo&$@gdrgﬁp§rol rgrerepce and ?
sensitivity ctor and further capable of generating
control S|gn§$ PHIRE 2 AV e ereablal oftaEfecting

feed back, said fEEd gosmetey of said strip exiting said hot
rolling mill in response to control
signals;

(e) assembling a control system capable of
calculating a differential strain feed-back
from longitudinal strain in the strip by
comparing an exit thickness profile with a
target thickness profile derived from a
measured entry thickness profile and
generating control signals in response to
at least said calculated differential
strain feed-back; and

(f) connecting said control system to said
device capable of affecting the geometry of
said strip exiting said hot rolling mill in
response to said generated control signals

from the control system.

26. The method of claim 25 where said device capable
of affecting the geometry of said strip exiting said hot
rolling mill is selected from one or more of the group
consisting of a bending controller, a gap controller, and

a coolant controller.



control reference, and said sensitivity vector. 28.
The nmet hod of claim?25 and claim 26 where said contro

wayeram3ds further capabl e of cal culating a ferdI/AU2007/000289

forward control reference, and further capable of
generating control signals iﬁ'ﬁ%%pbnse sai d
differential strain feed back and said feed-formard .
control reference. 29. The net hod of claln1zg|or ?Ialm
26 ere saig control systemis further_capable o _
ca??ﬁlating ghgeﬂ§%g?9i¥§ GLetBr2oafl elrinefScupapeesaid
ofcgeheoatBngtemn&sofushgaalﬁabagnespgngglggggti?g a feed-
di [ [ bac nd said.sensitivi

EbEUED) BonfrbE Borgednpatindld S8HRiRE0T kY Veblor, ana

vector . 3 o]
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veshoa aieceabaviaicdeRsia FUDG HOBCR LAEACk LA EhBGSSa
profile, derived froma neasure entfy_ I'cKness
pr%??%ﬁ?laﬁ%fﬁr?BFPrgﬁﬁdpﬁé§§u$%n§%§¥V¥thEeat?uw _
conpensation for profile and fl atness fluctratlops in
thggcast strjp. 31 . Athin strip casting plant for ]
pr%%IUci ng thlil'lge c%%?h%?r?pp "%raf:ﬂn af%cﬁﬁ‘ilo‘l’ ¢ i phere said
ge@%@tqubgystemihsoﬂsrthsticapabaédofhcﬂlﬁasgtsﬁgl@ feed-
I SOIPLELSEPY] [ N [ ter_havi a
Ba??g%f cas??%ﬁg%o%?%e %%?% %?%i%?fﬁ%?ﬁbﬁ?%%%ﬂ? ) a
rmﬂ%ﬂe¥ﬁﬁ%W%ryc%?§¥@h1%%ﬁ%ﬁﬂ%aiﬁ fospomge aszddtditffferential
PoStrdEt Wessd theck ashd NSai@! S pbOVEL DS 5%&%¥$i8réfé§%nce.

dams adj acent the ends of the nip to confine sard
casting pool ;(c) a drive capable of counter-rotating

t 9 cast i ng T Inse trood cﬁfn@sajjnldiz‘s Q:d:dr@ﬂaﬁilm fdhaélvhfetfwlsaid

t C the gasting ro and_cas i n stee

spgfgﬂ%%€6§%ﬂ9 él%iéﬁ?ERﬁgéﬁmQ?é??xﬁﬁi THr3Eing @n

t Renss Yigr it dvediedt s;and further capable of generating
control signals in response said differential strain feed

back and said sensitivity vector.

30. The method of claim 27 where said feed-forward
control reference and said sensitivity vector are
calculated as a function a target thickness profile,
derived from a measured entry thickness profile, and a
roll gap pressure profile to allow compensation for

profile and flatness fluctuations in the cast strip.

31. A thin strip casting plant for producing thin
cast strip with a controlled strip geometry by continuous
casting, said thin cast strip plant comprising:
(a) a thin strip caster having a pair of
casting rolls having a nip therebetween;
(b) a metal delivery system capable of forming
a casting pool between the casting rolls
above the nip with side dams adjacent the
ends of the nip to confine said casting
pool;



(d) a hot rolling mll having work rolls wth work
surfaces formng a roll gap therebetween through which

we2wr/1e308 p fromthe thin strip caster may be P@I/AB2007/000289

(e) a device connected to said hot_rolling mll
capabl e of affecting the geonet?@ of strip processed
by the hot rolling mll in response to contro

signals; and(éf) a a&ﬁbéoba@ﬁ&ﬂ%nbfaﬁéah%egtrotatlng the
calculating a differ ntlal iﬁraln f eed- back from

| ongi t udi nal traFﬁs rPh&° Flﬁ°b§°58nﬁ8??ﬂ§f&eéxmﬁtal
t hi ckness proflIeshe&hsaohatgetshbf&&éGSSfptﬂEIbastlng rolls
derived froma negﬁargg %nkk¥ntg£%é gs% §b5ﬁ§8hs§P8 nip

capabl e of generating cont ro a
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device to cause tgglgggtggdtghéijgct the geonetry of
strip proces?ed by the hot rol mill in response to

sai d control (&} gn@l ot 52111¢ﬁem%g¥nh§VFP9 vazski nglls with

pl ant of claim 31wub1ar Sug8hdede¥beRifgPabLe12f ga

af fecting the geo said stri processed by t he
hot roII?ng mll éP?%WEﬁnf %% ¥hichr east ekeip from

group consi sting bheathendsnglpooasﬁéfemayabgaﬁolled,

controller, angd aacgg gg fofely 8L£§r 038a5q 1Re thin, . g mill
strip casting plant ar m 2 s BRErEoLhin
cont r ol systen1|scﬁnﬁbﬁ%r°€a$§§¢@t®mgcbheugepmegrg of strip

f eed- f or war d contﬁ@bcé@ésaeﬂfetﬁ@dh@tSfé‘filh%f %.’11 in
vector, and further cggable of generatjngcontr

signals in resporceSBARTE{ EREEPRFTRE SiFwatsl and
reference antE)saial semsisél vigytamecéfsalle C&ES@aﬁéﬁﬂaung a

the hot rofling il EPRohEkbh RerTet chadaRaes ofrort

signals . longitudinal strain in the strip by
comparing a exit thickness profile with a
target thickness profile derived from a
measured entry thickness profile, capable
of generating control signals in response
said differential strain feed-back, and
connected to said device to cause the
device to affect the geometry of strip
bProcessed by the hot rolling mill in

response to said control signals.

32, The thin strip casting plant of claim 31 where
said device capable of affecting the geometry of said
strip processed by the hot rolling mill is selected from
one or more of the group consisting of a bending

controller, a gap controller, and a coolant controller.

33. The thin strip casting plant of claim 31 or claim
32 where said control system is further capable of
calculating a feed-forward control reference and a

sensitivity vector, and further capable of generating



34 . The thin strip casting plant of any one of the
clains 31 to 33 where said control systemis further
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reference, and further capable of generating contro
signals in response said feed:fbtward contro
reference to cause said device to affect the geonetry

ofcshtralpBﬁgﬁa$§d1HYréB§oh§E EQLH'EQeHLkEthrHeEBBQ§81
id control 5622 The thin strip casting

plﬁﬁ?GBanﬁyaﬁﬂe cFﬁPﬁ%téYlFX ¥RCHAEr ECsERBSBoRRAE device
sysbeatfectuthbegeonpbleosf sepipupdbe8gsadsBsthibVhby

ve n rfhe apabl e, of erat contro
sig%gﬁéngnﬂ%ggpoﬁséeég asgeﬁglFgﬁat§°9tfgﬁrsfgn§ fse
said device to affect the geonetry of strip processed
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1aims; 31t ko33 ovhere eohdrepntre rem'eexanusSauuther

seBapabYéet ¥£VEeL1OtlatEn§ak CHbadcotnasal 8OsELOD ﬁeference,
tar t th kness f|| derived froma nmeasured
enty § ?ﬁf ﬁﬁs%a g%??l% IR rY gRptpPEssigrals in

proéspense a&;@wfeedw@msaar@ncémtrolofef@ramdeftat6£§§e said
f|&§$¥@é'Qgsaffeégetﬂésée§$é£f§ of strip processed by the

hot rolling mill in response to said control signals, .

35. The thin strip casting plant of any one of claims
31 to 34 where said control system is further capable of
calculating a sensitivity vector, and further capable of
generating control signals in response said sensitivity
vector to cause said device to affect the geometry of
strip processed by the hot rolling mill in response to

said control signals,.

36. The thin strip casting plant of claim 33 where
said feed-forward control reference and said sensitivity
vector are calculated as a function a target thickness
profile, derived from a measured entry thickness profile,
and a roll gap pressure profile to allow compensation for

profile and flatness fluctuations in the cast strip.



