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CASTI NG STRI P TECHI CAL FI ELD This invention relates to
t he casting of woetal32b6 strip. It has particul ar but not exclpgsiaveo293

application to the casting of ferrous netal strinp. It is
known to cast netal strip by continuous =~ lcasting of stripin atwn roll
caster. Molten nmetal is introduced between a pair of 10

cohntra-rotated horizontal casting rol | CASFENG STRIPcool ed so that netal
shells solidify on the noving roll surfaces and are brought together at

the nip between the oduce a solidified strip product delivered
downwar dl y frwr%?gmﬁﬁ Blgé?ween the rolls. The term"nip" is used 15
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together. The 40l fepigret 3k HBY MEtACUIEH hi® Mot ex@1haiVe ApPicatithl ber
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ni nd extending along th ngt h f i p.. Thi in [ i
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10 contra~-rotated horizontal casting rolls which are cooled
so that metal shells solidify on the moving roll surfaces
and are brought together at the nip between them to
produce a solidified strip product delivered downwardly
from the nip between the rolls. The term “nip” is used

15 herein to refer to the general region at which the rolls
are closest together. The molten metal may be poured from
a ladle into a smaller vessel or a series of smaller
vessels from which it flows through az metal delivery
nozzle located above the nip sc as to direct it into the

20 nip between the rolls, so forming a casting pool of molten
metal supported on the casting surfaces of the rxolls
immediately above the nip and extending along the length
of the nip. This casting pool is usually confined between
side plates or dams held in sliding engagement with end

25 surfaces of the rolls sc as to dam the two ends of the
casting pool against outflow, although altermative means
such as electromagnetic barriers have also been proposed.

Although twin roll casting has been applied with
some succegss to non-ferrous metals which solidify rapidly

30 on cooling, there have been problems in applying the
technique to the casting of ferrous metals which have high
solidification temperatures and a tendency to produce
defects caused by uneven solidification at the chilled
casting surfaces of the rolls.

35 Strip defects such as, for example, severe
transverse c¢racks may cause the strip to tear and shear
and may, during continuous casting, cause a complete



side plates or dans held in sliding engagenent with end 25 surfaces of the
rolls so as to_damthe two ends of the casting pool against outfl ow,

al t hough al t er Rt 08 eans such as el ectromagnetic barr PEFAUMAIE3,] so
been proposed. Al though twyn roll casting has been applied
wth some success to non-ferrous netals which solidify rapidly 30 on

cool i ng, ther \ e Béﬁg! i i . . fechpi o0 the
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terns of tdrd pkhept hatafdy whakbgecwy ROl PEBEit &b degiper ns of

10 breakout.

The present invention enables shut downe to be
minimised, even when defective strip develops or there is
an equipment failure, by allowing diversion of the
defective strip to scrap and subsequent take up of strip

15 for end use when the cause of the defects or eguipment
malfunction has been rectified, without shutting down the
continuous strip casting operation.

DISCLOSURE OF THE INVENTION

20 According to the invention there is provided
a method of continuously casting and handling metal strip,
compriging:

supporting a casting pool of molten metal on one
or more chilled casting surfaces;

25 moving the chilled casting surface or surfaces to
produce a solidified strip moving away from the casting
pool;

guiding the solidified strip along a transit path
which takes it away from the casting pool to a coiling

30" station;

ceiling the strip onto a coiler at the coiling
station;

operating a strip shearing means so as to sever
the strip in advance of the coiling station into discrete

35 lengths;

diverting the severed lengths of strip from the
coiling station to a scrap station; and



the increase in risk to the health and safety of personnel and ot her

hazards that occur as a result of strip 10 breakout. The
present i nventwono/@sasbl es shut downs to be m ni m sed, ePENAVIIBNLY3
defective strip develops or there is an equi pnent failure, by allow ng
di version of the defective strip t‘o3sc3rap and subsequent take up of

strip 15 for end use when the cause of the defects or equipnent

mal functi on has been rBeltinetheppasatiam ff ithg §btite t$hearing:BREPRUOUS
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casting and handl g metal stiip, cONpri sing: supporti ng
a casting pooPt®ip 5 BeFeRpPd| cidesnat the groiddmg ekptieR- casting surfaces;

25 i i movi ng t_beeﬁbﬂﬂﬂg eas&ﬁ@s mﬁfiacaoeatsalrilam teerap pProduce
asolidifie r Vin rom.t t ol ;

gui di ng the s%ﬁ‘%?ﬁn%ﬁ g???%@%l%?neg sngrgg%g;f?ngrp%sho‘f _Bgﬂ’ﬁ’bh takes it away
fromthe casting pool Theacrexstiieg 9f tlse Atxip shearing means agdi|ing the

strip onto a gdréfdicd JENEnEOseveEd lengiBé N strip to the scrdperating a

strip shearin ns Vers . he stri,p in advance of the coiling
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egquipment emploved in the casting or handling of the
strip. In this context the term “defects” may extend to
any properties or attributes of the strip which may be
undesirable for an end user or for further processing.

15 sSuch defects may be observed or detected by visual
chgervation by an operator and/or by detection
instrumentation.

Specifically, the method may include the steps of
inspecting the strip for defects as it passes in said

20 transit path by means of strip defect detection means
located along that path and initiating operation of the
strip shearing means in response to an indication from the
defect detection means of defects in the strip.

The defect detection means may be operated to

25 detect variations in thickness of the strip and/or surface
defects in the strip.

The defect detection means may comprise an X-ray
gauge and a surface defect detector.
_ The casting pool of moltén metal may be

30 maintained by flow of molten metal from a tundish supplied
alternatively by each of a plurality of ladles brought to
a pouring position by a rotating turret.

The invention further provides apparatus for
continucusly casting and handling metal strip comprising:

35 a pair of generally horizontal casting rolls
forming a nip between them;

metal delivery means to deliver molten metal into



- 3- halting the operation of the strip shearing neans SO
as to reinstate delivery of continuous strip to the coiling station and
di recting the Wei%&¥% ed conti nuous strip to a second é’SﬂAgPo/%??”t he
coiling station. 5 Preferablgy,. a scrap bin is located at the
scrap station to receive the severed |l engths of strip.

The operation,aof _th | ar i div | he severed
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of the strip which ma’?ebe . esirabl e n-end user or r further
processi n§. 1BPPosita etiengpyherehyp for pradese Fetc8Ste8¥BYP vi sual

observati on l3ei3Re2B8’ EdvitiwazddirOfrddy thet ashj on I nstrunent ati on.
Specifically, the nethqd.may Loclude the steps .qf Ry cti the strip
for defects as it passs%giPnggégﬁ_Wst Fb'gng‘ll%‘?epa'%f t?;rﬁga%%flo‘fe%%i p defect
det ecti on nedipynwardlyckam theonip ttrought A BrrrsiH Faghi waiehcraltan of the

it away from the nip;

10 a pair of ceoilers at a coiling station
selectively to receive the strip f£rom said transit path;

strip shearing means operable to saver the strip

in advance of the coiling station into discrete lenrgths;
and

15 strip diverter means to divert the severed strip
lengths from the coiling station to a scrap station.

The apparatus may further include strip defect
detection means disposed along said transit path in
advance of the colling station and operable to detect

20 defects in the strip and the shearing means may be
operable in response to an indicatiocn from the defect
detection means of defects in the strip.

There may be a pair of strip deflectors at the
coiling station operable alternatively to divert the strip

25 to one or other of the coilers and the strip diverter
means may comprise a runout table to guide the severed
strip lengths to the scrap station when the deflectors are
set in this mode.

30 BRIEF DESCRIPTION OF THE DRAWINGS
In order that the invention may be more fully
explained one particular embodiment will be described in
detail with reference to the accompanying drawings in
which:

W
ut

Figure 1 illustrates strip casting and rolling
installation constructed and operated in accordance with
the present invention;
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striip shearing nmeans in response to an indication fromthe def ect

detecti on neans of defects in the strip. The defect detection
means nmay be opEYM6BAto 25 detect variations in thickness pef/Atbsoossy i p
and/ or surface defects in the strip. The defect detection
means may conprise an X-ray gauge arfbl a surface defect detector.

The casting pool of nolten netal '%g/ be 30 nmaintained by flow of nolten
metal froma tundish sﬁhﬂ"‘i”@dz illugtrates: fysthen detadd of theishxin ty of
| adl es broughteasger; a pouring position by a rotating turret.

The invention further e f ont gusly casting and
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handl i ng netal, strip co general |y
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nmet al del i ger y.ssséns foomichesenstet{ aamdetal i nto

- 4- the n b belveaiduld a81dl-blbkoploe 'SF ) Qeadsiendobog) - of

nol ten net al supeorted on the ro
casting rol | s:°8ting and rolling,installstice PeRs erittiady apd| PBeif#‘FeﬂJt ually 5

opposi te di r ed emsomirneEbwith pheditentienst Strip del i ver ed
downwardly fromthe nip;
10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The casting and rolling installation illustrated
in Figures 1 to 3 comprises a twin roll caster denoted
generally as 11 which produces a cast steel strip 12 that
passes in a transit path 10 across a guide table 13 to a
15 pinch roll stand 14. Immediately after exiting the pinch
roll stand 14, the strip passes into an optiomal hot
rolling mill 15 comprising roll stands 16 in which it nay
be hot rolled to reduce its thickness. The strip, whether
rolled or not, then passes onto a runout table 17 on which
20 it may be force cooled at a cooling station by water jets
18, then through a pinch roll stand 20 comprising a pair
of pinch rolls 202 and thence to a coiling station 19
which includes a pair of switchable coilers 85, 86.
Twin roll caster 11 comprises a main machine
25 frame 21 vhich supports a pair of parallel casting rolls
22 having casting surfaces 22A. Molten metal is supplied
during a casting operation from a ladle 57 to a tundish 23
through a refractory shroud 24 to a distributor 19A and
~ thence through a metal delivery nozzle 19B into the nip 27
30 between the casting rolls 22. Molten metal thus delivered
to the nip 27 forms a pool 30 above the nip and this pool
is confined at the ends of the rolls by a pair of side
closure dams or plates 28 which are applied to stepped
ends of the rolls by a pair of thrusters (not shown)
35 comprising hydraulic cylinder units connected to side
plate holders. The upper surface of pool 30 (genexally
referred to as the meniscus level) may rise above the



strip guide neans to guide the strip delivered
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35

the near empty ladle 57 to a standby station remote from
the downloading station and at the same time brings a
laden sgubstitute ladle 57' from a standby location into
pogition above the tundish 23 for downloading thereby
providing a substantially continuous supply of molten
metal to the tundish. The near empty ladle 57 is refilled
at a remote location and returned to the standby location.
At the start of a casting operation a short
length of imperfect strip is produced as the casting
conditions stabilise. After continuous casting is
established, the casting rolls are moved apart slightly
and then brought together again to cause this leading end
of the strip to break away in the manner described in
Australian Patent 646981 and United States Patent
5,287,912 so as to form a clean head end of the following
cast strip. The imperfect material drops into a scrap box
33 located beneath caster 11 and at this time a swinging
apron 34 which normally hangs downwardly from a pivot 35
to one side of the caster ocutlet is swung acrosgs the
caster outlet to guide the clean end of the cast strip
onto the guide table 13 which feeds it to the pinch roll
stand 14. Apron 34 is then retracted back to its hanging
position to allow the strip 12 to hang in a loop beneath
the caster before it passes to the guide table 13 where it
engages a succession of guide rolls 41. The guide table
comprises a series of strip support rolls 41 to support

FFE@M r&%el Qh?a’f'?ﬂ?l on const ructed



Figure 2. illustrates further detail of the strip caster;

Figure 3 illustrates that part of the I nstallation which receives and
transports theVeP¥e}0 5 jssuing fromthe caster; and PCT/AU00/00393 qure 4
illustrates part of a nodified strip _, casting and rolling installation
constructed and operated I n accordance with the invention. 10

DETAI LED DESCRI PT R FE;BE E | VENT. The casting
and rolling iqnﬁsat g%%%ic%enfulﬁ t}s@ﬁ% eedgtol\/%lgr:el) T‘%ﬁ%}fersdf ts(‘fa?dc%ﬁp?’i“ges atwn
rol | caster demerdgs of YRier groments ¥R, WHBcALippoRRd detweenstheteel strip
12 that RApPesti PoRld ) aMhbl reBLd 410 adel Q8SpSs4iGE andlkead3 t0 a 15

pi nch roll stand,14..] | ate after exitin he_pi rol]. stand 14,
the strip pag'glelghl ﬁf‘%eré%g’& | o%é‘f’m Hate Pm"%‘ofg’r%g“rﬁe'ﬁq&?stc?%ﬁ?i Jélf‘?‘lg roll
stands 165 n qastelr Fe amto recpiveand gulidd tberstiige firom theckeems. The
strip, whetheys. rolled or not, then passes onto a runout table 17 on

e B0k T e O AR e oS I LS S 10
far described or may be of the kind which is illustrated
and described in some detail in granted Australian Patents

10 631728 and 637548 and United States Patents 5,184,668,
5,277,243 or 5,488,988 and reference may be made to those
patents for appropriate constructional details.

In order to control the formation of scale on the
hot strip, an installation is manufactured and assenmbled

15 to form a single very large scale enclosure denocted
generally as 37 defining a sealed space 38 within which
the steel strip 12 is confined throughout a transit path
from the nip between the casting rolls to the entry nip 39
of the pinch roll stand 14.

20 Enclosure 37 is formed by & number of separate
wall sections which fit together at various seal
connections to form a continuous enclosure wall.

The function and construction of enclosure 37 is
fully described in Australian Patent 704312.

25 Pinch roll stand 14 comprises a pair of pinch
rolls 50 which resist the tension applied by the reduction
roll stands 16. Accordingly, the strip is able to hang in
the loop 36 as it passes from the casting rolls 22 to the
guide table 13 and into the pinch roll stand 14. The

30 pinch rolls 50 thus provide a tension barrier between the
freely hanging loop and the tensioned downstream part of
the processing line. They are also intended to stabilise
the position of the strip on the feed table and feed it in
to the rolling mill 16.

35 Accordingly, the strip exits the enclosure 38 by
rassing between the pair of pinch rolls 50 and it passes
into the hot rolling mill 15.



of pinch rolls 20A and thence to a coiling station 19 whi ch includes a

pair of sw tchghl Iers 85, 86. Twin roll

conprises a nal %@% ne 25 frame 21 which supports a pai r%%f/kﬁ@pﬁ#l‘sel
casting rolls 22 havi ng casting surfgaces 22A. Ml ten netal is supplied
during a casting operation froma ladle 57 to a tundish 23 t hrough a

refractory shroud 24 tgfgeglfég,;m?tgaelgglﬁ% mluti]gnqgng ty’tgg_ h a rret al
delivery nozzle 19B into the, ni bet ween itl n é’b&?
e the ni p

30
Mol ten netal PRESSSIA9 Frefable 3(7 ante ERF puaty thra
and this pool the coslicanttatliontld ¢ ehilshoft tdam bel Wweuldd a pair of side
closure dams’ gqe lf»ﬁé‘ﬁ%rueé&?e%hsht% %ﬁ&ggbeﬁ’s tﬁdStB%pQﬁgch argnds of the

rolls by a pair rrs (not_ shown npri st ng hydraul,ic cylinder
units conn%ct gglectivejy switghed fqop mdn %ng'l‘f% Qﬁpé?‘réﬁrf&aéi’d‘?“’ﬁﬁal 30
(general ly swieékabled codlass iy tenproutdédyvel ) may rise above the

- 6- | ower end of %eeﬂ%ia%ﬁeaeasheié%&%aws wERPTergNd Of the
delivery nozzle is imersed within this Cast,ing rolls
22 are water PEBpeRt s’d“’ﬁ’i‘&f"°§he\"ll‘%"e is EBPY%:‘??‘}/ oWmERESHB\FIRP P&PFgr

surfaces and zo2lbzouglshea® 8bged Rimflactbhe 82, 827 abetnowtn tdidm 88 produce
the 10 and a scrap bin 87. A strip defect detector in the form
of a conventional X-ray gauge 88 is located above the
zrunout table 17 in advance the cooling water sprays 18 and
a strip surface defect detection device 89 is located
above table 17 downstream from the sprays 18. X-ray gauge
15 88 may be operated t¢ monitor thickness variatioans in the
" strip. The surface defect detection device may be an
optical scanner or an array of sensors te receive visual
or other forms of radiation from the strip surface.

In normal production, deflectors 82, 84 are

20 selectively operable to deflect the strip to the selected
coiler 85 or 86 and to enable the strip to be redirected
to change coilers when one coiler has been filled, so
allowing effectively continuous casting and coiling.

If either of the strip defect detectors detects

25 a deterioration of strip quality to the extent that it is
suitable only for scrap, then shear 81 may be operated to
cut the defective strip into discrete lengths and
deflectors 82, 84 are operated so that the cut lengths of
strip pass along a runout table 83 to a scrap bin 87 at

30° the end of the line.

The scrapping of defective strip is continued
until the quality of the strip improves or the casting
process is stopped. Downstream scrapping of strip in this
manner facilitates smooth continuous operation of the

35 caster. It eliminates the need to stop casting by either
dumping the molten metal or casting strip into the scrap
box below the casting rolls. Although this box is capable
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solidified strip 12 which is delivered dowwardly fromthe ni p between
the rolls. Ladl e 57 is supported on a rotating turret 60 by
whi ch | adl e 57-W%°°66?¥&ght into position above the tundi sh 10PCTAAY0S083 | ver
nmol ten netal thereto. Once the nolten pepal in |adle 57 has been

downl oaded, the rotating turret noves the near enpty ladle 57 to a

standby stati r]:SFgg r ;t.he gwl oadi tation and at .the, sanme
time brings aq,pf . aggﬁés%bras%ainf:ﬁ%g ?g e t’oe?‘ s?rggin %n%tsacrﬁ?ﬁy yl 5&5“5 into
15 position abdvdirdEed driisdize23 for downl oadi ng t her eby providing a
substantially conti nuousowistplesmobciafitly of s8Big!aisd Te'i&mg.ﬂagé§hth%— he
near enpty la I serefdll. .at 4 renpote, tion returned to

t he standbé/5 I gécog'tl?érgl. o ﬂéé,}fﬂ, Whl%f ’t%enosq)g’r’lf‘l'%ﬁf% €°ats% g operation a
short 20 | engtiPtemdedpase eciCoiding 2kl maferied istendisnrstiengoils,

condi tions st atdarfitesd\féEremRoOGubDIOHS wAlld Requsre additidRlhnshed, the
casting rolls [ Lgh nd.then brqught together again
to cause this ﬁ%&?ﬁéﬁgnﬁpa&ém%?hgh‘téﬂés/t%sﬁlit%(%g%?e%?cg‘@%%gﬁmtﬁ ®manner
descri bed i n ZRIAIPLE PTG AEA: BV GFBL 14N d nUnPre dodncds 1Rgtedue
5,287,912 so & tresteictions eambfnthue HtdepthbBtel 8bi PWdIGhts. Cast strip.
The inperfgct nmaterial grops Loto r.ap bax 33. | ocat ed beneath caster
11 and at I?hi s time a swh ?ﬁag}“ ,,?él% %&r? 329.\Aﬁ*%hsma?yaﬂﬁﬂgl§edommrdl y
from a pivot 3gefptpomaiptadingcoptippens sastingueperationsuingther oss t he
caster outlet dvengubfethdicaildag sedein Hiwohdsl Sédpletely OBt faibi, gui de

tabl e 13 whi 4.t ' | t 14. .34 is th
o 13 ChSlsshialots BB (4ld o o SRR L SRRSRE |2 LT
C

retracted back tqQ Its ngi n 0Si € Z
a | oop beneat FBSPRRBE }'é"rmo@f-o idefjecsessy otk ccqjidiing shbEdon3 where

it = endagesm downstssimieqfipgehte rnd lthidlcadberigsliciaciall e
~ operation could continue while the equipment Fault is
rectified.

If the cause of the strip defects can be overcome
to rectify the strip quality or the coiling station

20 Dbecomes available as casting continues, the shear 81 is
deactivated and the appropriate deflector 82 or 84 is
operated to redirect the strip to the standby coiler 85 or
86. The method of the invention thus permits scrapping of
defective strip in the middle of a production run and

25 redirection of the strip onto a mew coiler when the
defects have been rectified, without interrupting
continuous casting. Continuous casting may therefore
Proceed over long production shifts with delivery of
molten metal being maintained through the rotating ladle

30" turret system.

Figure 4 illustrates a modification by which the
enclosure 37 is extended to enclose the rolling mill 15 so
that the strip is rolled before it leaves the enclosure
Sspace 38. 1In this case, the strip exits the enclosure

35 through the last of the mill stands 16 the rolls of which
Serve also to seal the enclosure so that the separate
sealing pinch rolls are not required.



conprises a series of strip support rolls 41 to support

-7- the sty ore it passes to the pinch roll stand 14 and a
series of tabl'é&%@éﬁ%&ts 42, 43 di sposed between the suﬁﬁgf“’tm?’?ﬂz?:’s. The
rolls 41 are disposed in an array Mipch extends back fromthe pinch

roll stand 14 toward the 5 caster so as to receive and guide the strip from
the | oop It is worfheondtidy k@bt GREILTcHEE ReeOf the kind as

36.
t hus far desgrib oL JBY be of the ki.nd chis ., jllystrated and
described in s%’?g*"&é?gf‘?si% oreaht 8d°%'t|v'set”rl%é‘PP§\erP%?e§ﬁ%“’lﬁuig31728 and
637548 and Unioretragigpeands atrdipScasieis68here afe i@l diffeferid®8s 088 and

ref erence may ghawerdethe thwse patents for appropriate constructional
details. vder.tolgg{ltrol the formation of scale on the

n_or
hot strip, “an install at%‘o‘f?”r EALART R BETAR ™IS fbi®ed®®B to forma
single very | apsisuahe endieser proeers adth ingévibdudl \slabs3Beimdi ni ng a

seal ed space 3&MidahiB wWhbste inditheust @t maltiprd Zod8LONkhaegod hr oughout
a transit path t bet we the castin t e entry nip

39 of the spﬁrrﬂi@h];'trigﬂ p%‘fe%ﬁr%lcfof? RfL-y be stopp c'{%g??%"g;;s forned by
a nunber of sejrfiegtecause and restarted once the cause has been
10 eliminated, with some individual loss of product. A strip
caster is a coampletely continuous process, which cannot be
easily stopped and restarted, and therefore requires a
means to remove a defective portion of the continuous
strip without interfering with the operation of the
15 process.

A conventional hot strip mill alsoc has a number
of discrete process steps spread along a considerable
length of line. Individual pieces of defective product
may be removed after an intermediate step. The strip

20 caster ig a very short line with no limited possibilities
to remove product after an intermediate step without
severely disrupting the process.

The illustrated methods and forms of apparatus
have been described by way of example only and may be

25  modified considerably. For example, the invention is not
limited in its application to processes in which the cast
strip is hot rolled in line with the caster and it could
be applied to strip which is simply reduced in temperature
and coiled after casting. The strip may, for example,

30° pass over a runout table after casting on which it is
force cooled to a coiling temperature of the order of
660°C.

The illustrated apparatus has been advanced by
way of example only and it could be modified considerably.

35 The method of the invention enables continuous strip
casting in the face of either strip quality failure or
eguipment failure. Equipment failure can occur anywhere



wal | sections which fit together at various seal connections to forma

conti nuous enclosure wall. The function and construction of
encl osure 37 i JYO0U6132) y described in Australian Patent 7048J2AU80293
Pinch roll stand 14 conprises a pair of ,gi nch rolls 50 which resist the
tensi on applied by the reduction roIJ1 stands 16. Accordingly, the strip
is able to ha i I 6 as_ it passes fromthe casting rolls 22
to 't he guir%'ém%aﬁ% %gk?%nag"%lpﬁgg ??l:é %I‘al?lln € 5f‘f’£‘§%n‘if‘fﬁr fﬁé‘qgﬁepi nch
rolI's 50 thus 95t Gefdeckox ckpsiilyxebarri er bet ween the freely hanging | oop

and the tensioned downStHeEABrRP lePéct detlel@oP! €66 %54 NG JaitlA: athsyn&t € al so
intended to stsajt ielsi S rip.on the feed table and
ot

t he ,posi.tion of the.s
feed it in ﬁ?’r‘%ﬁ‘ﬁé‘%ﬂ FoF ganaiple, “balow the, fik-q; f§PF, the strip
exits the &ncldpfecss3gusly as mepiscusgnirstsaad hherpegbons agienshstol | s 50

and it passes cbserivible t¥i€edl®hel 8btipUidliddd hot. The scrapping After
| eaving the roAtIi 1

t hrough pi nch r&tlgggi%l?‘l% %%’%%g%eat %r&ﬁel %%Sggf Eégoéﬁje%;'ggg\ﬁégﬂa?? can
be wound FatePratroatsd et Ghewend of dihe 83nend Bfdewd,clthar etEip
sel ectively swidn bedai eredéd UrPghePe | Stehext thAn Ad0Ehd Wl1ers. It is
10 accordingly to be understood that the invention is in no
way limited to the detail of the illustrated apparatus and
that many variations will fall within the scope of the
appended claims.



s chan e co a:g;ggg s oMU, .l%?BSPLSﬂ;%;;& on i
a

from pi nch shear 81, a deflectors 82, 84 a ru f28% 83 10
and a scrap bin 87. A strip defect detea20r in the form of a
conventional X-ray gauge 88 is | ocated above the runout table 17 in
advance the cosdazMgs water sprays 18 and a strip surface defect

detection devife 89 is ove table 17 downstream fromthe
sprays 18. X- r%y gauge 115& %%m% °fb‘é°rb 1&“&“&3& BRRHHRY 6% E‘Fﬁ‘ﬁie’%%
vari ations in mekal StréPrl‘EPmFH‘-ielBaFface def ect detection device may be an

0pt i cal scanner or an aé\ﬁﬁébzétf:.n§eQS&K§titr£§ pBSEi ¥ MéHUkA metalObn WA forns
radlathgfromthe I n normal production,
2

deflect ors %f"é:reec;bﬁs&? ecatSt\?@Fys‘Ubfearcfﬁl'e to deflect the strip to the
sel ect ed coi | er 85 ®wevigw &he chilimdblcasthvgsturfade olresneﬂac&:tte:d

to change coilgfsauslecs sBEILF el sbaSH tiﬁ‘&rlnfgl 8¢ £58n the @?E
effectively contlnuous casting and col ling. elt er of the

strip defect Rt ors detects a 25 deterioration of strip quality to the
extent that it is senidizioe thal soXigtifdedaptribarlsiwar t8anaty ﬂma:h

operated tidm whidH thlkesdet aGldyy ershl ¢k 'd&%@;ﬁbsﬁééi eccl %n%'ﬁlﬂ

defl ectors 82,_8 ;L e operat ed so that the cut | engths of rip pass
al ong a runout S¥UB18783 to a scrap-bin 87 at 30 the end of the i ne, thus
bypassi ng both coil ers 29ilimg the sb¥in wgptot at fohler at the coilingihe
scrappi ng of defsflom¢e sStrip is contlnued ~until the quality of the

strip inproves or the c .Sto ed Downst r eam scr appi ng
of strip in this 35 rran%éé%)&mgl Fta s e@t’ﬁ'ngo ﬂ%oﬁi’s a&p%f’aﬁ?ﬁ?\rof t he

caster. |tl%lithnatadr: e ‘H@?d‘cﬁo%t’ekﬁ seddiing byatiemhdmto discrete
lengths;

diverting the severed lengths of strip from the
coiling station to a scrap station; and
halting the operation of the strip shearing means
20 s®so as to reinstate delivery of continuous strip to the
coiling station and directing the reinstated continuocus
strip to a second coiler at the coiling statiom.
2. A method as claimed in claim 1, wherein a scrap
bin is located at the scrap station to receive the severed
25 1lengths of strip.
3. A method as claimed in c¢laim 1 or claim 2,
wherein the operation of the strip shearing means and
diversion of the severed lengths of strip to the scrap
station is initiated in response to observation or
300 detection of defects in the strip.
4. A method as claimed in claim 1 or claim 2,
wherein the operation of the strip shearing means and
diversion of the severed lengths of strip to the scrap
station is initiated in response to malfunctioning of
35 ecguipment employed in the casting or handling of the
strip.

5. A method as claimed in claim 3, comprising the



dunpi ng the nolten netal or ﬂﬂu,w ,Buuumm'lo the scrap box bel ow t he
casting rolls. Although this I

- 9- of hafti 06§28 quantity of nolteh steel and SCrap StrdTMUGOm0293 i S
limted in size. Domnstrea%scrapplng of strip also
elimnates the Coiling of materi al ich is not suitable for the 5

I nt ended use. i 1ing all terlaglnto discrete coils, regardl ess of
thé quality, VOUEF P qEﬁ‘?%e% Raftrir fnx,deferky 9 LeRpasses iRe
unsui t abl e pr ciaigt tirepRitipath bysmeaabl ef procpc efiadt dytecsidn meAngOr €

product |ost dufated EQ ﬁﬁ%ﬂd@%@ﬂsaﬂ@ {H{H;@é%aCSSQMPi& ¥ ll:hwe' ghts. 10

Downst r eam scraqp % e Stri al so used mai ntal n
conti nuous casi tﬁ'ﬁ’ BSP’éT?%H%eainﬁ he es"mﬁﬁerﬁ" ar ?-ﬁ‘éi%‘%ﬁ’rqqqgfré’?‘af:bﬁn
becom ng cénpldafecr detpckidny meansunfivdefeaitlse inThhe sewyipe due to a

complete or paglial  aGaHHEPal (ollade 1of 1BEnd! | che cOiling

station 15 %wns%feame ui pnent his case the cast operation
coul d cont i nué ’cf%f f‘ﬁu?lfe‘fasted tor deteFt eYF“’-"-a ions in | f
the cause of tHhicknesp dEftdht stadp.be overcone to rectify the strip

quality or theycoiling £tdurdd as claimed in claim 6, wherein the
10 defect detection means comprises an X-ray gauge.
8. A method as claimed in any one of claims 5 to 7,
vherein the defect detection means is operated to detect
surface defects in the strip.
9. A method as claimed in any one of claims 5 to 8,
15 wherein the strip proceeding along said transit path
passes through a cooling station and the strip is examined
by the defect detection means upstream and downstream of
the cocling station.
10, A method as claimed in claim 9, wherein the strip
20 is examined upstream of the cooling station for thickness
defects and is examined downstream of the cooling station
for surface defects.
11. A method as claimed in any one of claims 1 to 10,
wherein the casting pool of molten metal is maintained by
25 flow of molten metal from a tundish supplied alternatively
by each of a plurality of ladles brought to a pouring
position by a rotating turret.
1z, Apparatus for continuously casting and handling
metal strip comprising:
30 a pair of gemerally horizontal casting rolls
forming a nip between them;
metal delivery means to deliver molten metal into
the nip between the casting rolls to form a casting pool
of molten metal supported on the rolls;
35 means to chill the casting rolls;
means to rotate the casting rolls in mutually
opposite directions whereby to produce a cast strip



20 becorrés avai | abl ewalsmum ",ﬂglﬁﬁ"gﬂﬂlts theshear81 |s . méeact | vat ed

operated to redirect the

and the appropg, ef | eet o¢

strip to the Efvgﬁ?fg?&coi | er 85 or 86. The method of thECTAVEMIPSn t hus
permts scrapping of defective steipainr the mddle of a production run
and 25 redirection of the strip onto a new coiler when the defects

have been rechkiifdredVadohithrdly FricPthBOnip; CONtinuous casting.
Conti nuous casting may theref o,r(fﬂ Jmﬁ_é-rlgrocee over |ong, production shifts

with delivery of nSFFER ALt o*NeTHE kg ERFHRSIPIENeTPEt ati ng

| adl e 30 tur fletnwarstlaymirom the nip throfghux ecrhnsilkupatiatwvdsich nadtieki cati on
by which the j¢ ap&¢!@Q%H €had mips; extended to enclose the rolling mll 15 so
that the s{rip is rolled before it _|eaves the enclosure, space 38. In
this case,”the strip efi ?§1fh%feéi’?698§ﬁr%t%°°t Begft®¥P? ast of the nill
stands 16 thesebédsivdlywkbcheceivesgheestikip fxonsealidt heawsid @aithe so t hat

the separate seal | R RLNERed S, | t.ad :
o e T oo Tl ES peyer he stxis

. t . 2
simlarities BBtIEEAPSe 85n5§ﬁt?%‘ﬁ'§ln9h6f:g§%‘?$ prifia discreggclengtdigiand a

strip caster,anfliere are major differences bet ween the two.
10 sStrip diverter means to divert the severed strip
lengths from the coiling station to a scrap station.
13. Apparatus as claimed in claim 12, wherein a scrap

bin is located at the scrap station to receive the severed
lengths of strip.

15 14, Apparatug as c¢laimed in claim 12 or claim 13,
wherein there is a pair of strip deflectors at the coiling
station operable alternatively to divert the strip to one
oxr other of the coilers.
i5. Apparatus as claimed in claim 12, wherein the

20 strip diverter means comprises a runout table to guids the
severed strip lengths to the scrap station when the
deflectors or coilers are inoperative.
1s. Apparatus as claimed in any one of claims 12 to
15, and further including strip defect detection means

25 disposed along said transit path in advance of the coiling
station and operable to detect defects in the strip.

17. Apparatus as claimed in claim 16, wherein there
is an operative comnnection betwesn the defect dstection
nmeans and the shearing means such that the shearing means

30" is operable in response to an indication from the defect
detection means of defects in the strip.
i8. Apparatus as claimed in claim 16 or claim 17,
wherein the defect detection means is operable to detect
variations in thickness of the strip.

35 1s. Apparatus as claimed in claim 18, wherein the
defect detection means comprises an X-ray gauge.
20. Apparatus as claimed in any one of claims 16 to
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5 A conventi Il is a sem conti nuous or
pi ece process w th indi quﬂ ll n] Iﬂ IlﬂHm rolled to create individual
or nultiple coiWwg/6re ¢ Lstrip nr process can easi | yrdwastomeed to

rectify a def ect cause and restarted once the cause has been 10
elimnated, with sone individual |oss 'oflspr‘oduct. A strip caster is a
conpl etely continuous process, which cannot be easily stopped and

restarted, andt%-habersie theflafestdetection neegs, dfpaeeiakls &t i ve portion
of the conti nudtect susfadce ddfieletst ihntles fsyding W th the operation of the
15 process. A conventional hot strip mll also has a nunber
of discrete process steps spread al ong a consi derabl e | ength of Iine.

I ndi vi dual pi eces of defective product may be renoved after an

i nternedi atse step. The strip 20 caster is a very short line with nolimted
possibilities to renove product after an internedi ate step w thout
severely disrupting the process. The illustrated nethods and
fornms of apparatus have been described by way of exanple only and may
be 25 nodified considerably. For exanple, the invention is not

limted in its application to processes in which the cast strip is hot
rolled inline with the caster and it could be applied to strip which
is sinply reduced in tenperature and coiled after casting. The strip
may, for exanple, 30 pass over a runout table after casting on which it is
force cooled to a coiling tenperature of the order of 660[ err] C

The illustrated apparatus has been advanced by way of exanple only and
it could be nodified considerably. 35 The nethod of the invention enables
continuous strip
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casting in the face of either strip quality failure or equi pnent
failure. Equipnent failure can occur anywhere

- 11 - aI-‘t‘fﬂQ“’fWé’ line and. may for ®Ranpl e include coi PErAPL 003 &

or deflector failure. The strip defect detector can be

| ocat ed at ot her St al ong the line for exanple, below the nip. Sone
5 defects such as nen' mar ks and herringbone are nost observabl e
when the strip ig . he¥gcrappi ng station can be | ocated
anywhere after the 2 reed not be | ocated at the end of the
line. Indeedgthe stria an be diverted anywhere other than to the
coilers. It & 19| acco ngly to be understood that the invention is in no

way |imted to\the detail of the illustrated apparatus and t hat many
variations w || =&l | mqthin t he scope of the appended cl ai ns.
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- 12 - CLAI M5 1. A nmet hod of continuously casting and
handl i ng metal strip, conprising: . supporting a casting
pool of noltenM@&W4I32bn one 5 or nore ch%)g ed casting surf aea®uo0/00293

c

noving the chilled casting surface or sur es to produce a solidified
strip nmoving away fromthe casting pool ; gui di ng the
solidified strip along a transit path 10 } takes it away fromthe

; coiling the strip onto
operating a strip

casting pool to a coiling
a coiler at the coiling S
shearing nmeans so as to severy advance of thg coiling
station into discrete t . } J he severed
| engt hs of stripfro:?%he GO T RY P O gt/ati on; and
hal ti ng the operatio g i : Q
delivery of continuous strip A
rei nstated conti nuous st rINIShoensecy
2. A method as clained i n el "’
at the scrap station to receive the severs | engt hs of strip. 3.
A nmethod as clainmed in claiml1 or claim3,__ ] wherein the operation of the
strip shearing neans and inversion of [t hg severed | engths of strip to

[

ib i

directing the
oiling station.
bin is |ocated

the scrap station | ated in responge to observation or

| 24

—

00000000

~ )

20A 17 jﬁ 4 '

”—jB' YYYYYYY |




30. detection of defects in the strip. 4. A nethod as clainmed in

claim1 or claim 2, wherein the operation of the strip sheayiqg nmeans
and di ver YR30t he severed lengths3gs strip to the sEERUVIMN0ZE 5t on
is initiated in response to mal functioning of 35 equipnent enployed in the
casting or handling of the strip. 5. A nethod as clainmed in
claim3, conprising the ) - 13-
stéps of inspecting the strip for defects as it passes in said transit
path by neans of strip defect detection neans | ocat ed al ong that path
and initiating operation of the strip shearing neans in response to an
i ndication fromthe 5 defect detection neans of defects in the strip.
6. A method as claimed in claim5, wherein the def ect detection
means i s operated to detect variations in t hi ckness of the strip.
7. A nmethod as clainmed in claim®6, wherein the 10 defect detection
means conprises an X-ray gauge. 8. A nethod as clained in any one
of claims 5to 7, wherein the defect detection neans is operated to
det ect surface defects in the strip. m
N = ™
gm
- AN —

——r ey mpyyop ey
SANCO NI N AN ‘\\\‘w //////////
AN \\\‘\\\ NN \\\ \\\- SN\

Y

9A
. /1
22

1 ™
26
27

AANARRRANIRN RN
N

. @,«
\ {
N B Q:
1
A N
l\\ k ! L el
S D e
N
N Q; 9
N\ NI '




9. . A methodias clainmed in any one of clains 5 to 8, 15 wherRG HALPg/0029
strip proceeding along said transit path passes through aReesivedny March 200
station and the strip is exam ned by the defect detection neans

upstream and downstream of the cooling station. 10. A et hod

as claimed in claim9, wherein the strip 20 ®*i S exam ned upstream of the

cooling station for thickness defects and is exam ned downstream of the
codling station the hdp between thé¢ceasting ralls to foxmm KHETART RANMed

in any one of cl %?gﬁo It%\% %’gtﬁ]ﬁﬁuﬂ%@é& (%,be‘._lg@sféfgspool of nolten netal

i's maintained by en metal froma tundish supplied

al ternatively by each ®eams prrdhilly tde |SRAERD TG to a pouri ng
position by a rotating turgpehns to dobate the\RPEHEHEAL rFollsCAH ity

casting and handl i ng metal strip conprisi pair of

. ising: 3 a
general |y hor?zoRPROsé%e: digerbiprs whe Yﬁﬁ%g%r?l&bc%eatm tSHeP
metal delivery negnsvieeededovwhwai@ly efiroit the i mip; the nip between the

ol s s O e SkE PR e TR T e SRRl

means
to rotate the castowmyardlllys fromntheahiy throeghosi transitmatinsivich chykes

produce a cast sk@ %way from the nip;

10 a coiling station to receive strip from said
transit path and provided with a pair of coilers and strip
deflector means operable alternatively to direct the strip
to one or other of the coilers;

strip shearing means operable repeatedly to sever

15 <the strip in advance of the coiling station to chop the
continuocusly delivered strip into a multiplicity of
discrete strip lengths; and

strip diverter means to divert the multiplicity
of discrete strip'lengths so as to bypass both coilers at

20 the coiling station and deliver them to a scrap station.

The apparatus may further include strip defect
detection means disposed along said transit path in
advance of the coiling station and operable to detect
defects in the strip and the shearing means may be '

25 operable in response to an indication from the defect
detection means of defects in the strip.

BRIEF DESCRIPTION OF THE DRAWINGS oo
In order that the invention may be more fully
30 explained one particular embodiment will be described in
detail with reference to the accompanying drawings in
which:
Figure 1 illustrates strip casting and rolling
installation constructed and operated in accordance with
35 the present invention;
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. . . . PCT/AU00/0029.
- 14 delivered downwardly fromthe nip; st 'R'e&ﬁ%ﬂ gEMarch 200
nmeans to guide the strip delivered downwardly fromthe nip through a
transit path which takes it away fromthe nip; 5 Q0al blHNG
station to receive strip fromsaid transgt-path and provided with a

pair of coilers and strip defl ector neans operable alternatively to
direct the strip to o t : e hlers. s rip
shéari ng nmeans operabl e rer}gfetgregﬁ&e{lggsetvth%r r%g'lllt en_lé'tlrli B'Si'nt};l1 vgr%%bof t he
coi ling station passempte Heun taklkstdthpns|thraugh, garhs mald isheRdy 20 to

multiplicity of ¢ne COSEISS SsSdtich | ENUd wHth it can be wound rip diverter
means to divert the nul tj i Ci i

t f d t trj { t
bypass both coi Iﬁgeﬁaﬁ%&eiﬁlé‘g’iﬂ |ng "s‘i’:'}tserc’irfﬁ g"@eﬁé%"ﬁirﬁsﬁ%oaz sgrap

stati on. 513. select HpPhy adwibtclsed | Bompeinding aipnthyy stheimi n Mddidrignal
bin is |ocated at_t p | | severed | engt hs of
strip. 14. sw"pg%%{rgt%%ig%*%%ﬁe%gfpﬁéééﬁg%?ﬁz or claim13, 20

wherein the strip deflect dto mrahle apetaidom igniacasrdances mith &d¥g ector s

at the coiling sbati@n: OPRY&H fon, tRei&MNAlIMNIIdD dbwtaitirddie fidm [pirch
one or other of the coij ers.

15. t | ai ' | 8
12, wherein the 98115203 #heat (&4 %f%%mﬁgy'aﬁﬁar%ﬁ%?}%%ugd?
the sever®ed ahdi @ sengplisino8The Ecsapiptdefart wistedtor in thed | fmor s
are inoperative 89 e;&ﬁg;néigﬁgithf%#Eééﬁgst%§01éEiocatedjéhove the

Apparatus as cl al rreg n-any.one of ¢ )
runout table 17 in advance the cooling water sprays 18 and

a strip surface defect detection device 89 is located
above table 17 downstream from the sprays 18. X-ray gauge

15 88 may be operated to monitor thickness variations in the
strip. The surface defect detection device may be an
optical scanner or an array of sensors to receive visual
or other forms of radiation from the strip surface.

In normal production, deflectors 82, 84 are

20 selectively operable to deflect the strip to the selected
coiler 85 or 86 and to enable the strip to be redirected
to change coilers when one coiler has been filled, so
allowing effectively continuous casting and coiling.

If either of the strip defect detectors detects a

25 deterioration of strip guality to the extent that it is
suitable only for scrap, then shear 81 may be oﬁerate& to -
cut the defective strip into discrete lengths and'
deflectors 82, 84 are operated so that the cut lengths of
strip pass along a runout table 83 to a scrap -bin 87 at

30 the end of the line, thus bypassing both coilers at the
coiling station.

The scrapping of defective strip is continued
until the quality of the strip improves or the casting
process is stopped. Downstream scrapping of strip in this

35 manner facilitates smooth continuous operation of the
caster. It eliminates the need to stop casting by either
dumping the molten metal or casting strip into the scrap
box below the casting rolls. Although this box is capable
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30 . 15, and further including strip defect detection neans
along said transit path in advance of the coiling

PO'T the sStrwéko nreuebria, rropearvARBRERRYS as cl
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(54) Title: CASTING STRIP

T

(57) Abstract

Twin roll caster (11) produces cast stee] strip (12) that

station when the problem is rectified.

. i passes in a transit path (10) through pinch rolt stand (14) and optional hot
{ollmg mill (15) and runout table (17) to a coiling station (19) which has a pair of switchable coilers (85, 86). A strip shear (81) located
in advance of the coiling station is operable to sever strip (12) into discrete lengths which can be diverted by setting deflectors (82, 84)
to allow the severed lengths to pass across a runout table (83) to a scrap bin (87). The strip may be thus severed and diverted to scrap
on development of strip defects or malfunctioning of equipment without stopping continuous casting and the strip redirected to the coiling
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