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NSC- D861/ PCT DESCRI PTI ON

Thip.Cast Strip Formed of Mdlten Steel, Process for | ts
Production, and Cooling Drumfor Thin Cast Stri 5 cont NRGoR861/PCT
Casti ng Apparat us TECHNI CAL FI EED* ~ The present

I negntion relates to a thin cast strip wi th excell ent shape produced
using a twin drumtype 10 - continuous cast] P, atus, to a process for
its production, and to a cooling druﬂ$%€€¥€ﬁ $%r t he appar at us.
BACKGROUND ART Appar atuses for producing thin cast strip

nclude a 15 twin drugplyPe, ol DIOUSOGASA | 09 RPPALA! $PedlelBdcoss for
nolten netal is fed to a pouring basrn forned by a parr of coo |ng .
druns and a pair of sideIteiPsoti¢tions eand CoolbirgsReum of oot Phin deasbfSERED

cooling drums, for CERELARYQLISCESSLh Qb Paud hi n cast strip. Wth
this 20 type of apparatus there 1s no need for a nulti-step hot

rolling process and the final product shape may be obtained with only
light rolling, thus all ovkCENECHL NPt LD rol'ling process and appar at us,

and making possible a Vafﬁe present invention relates to a thin cast strip
' with excellent shape produced using a twin drum-type
10 continuous casting apparatus, to a process for its
production, and to a cooling drum design.for the
apparatus. '
BACKGROUND ART
Apparatuses for produging thin cast strip include a
15 twin drum-type continuous casting apparatus wherein
molten metal is fed to a pouring basin formed by a pair
of cooling drums and a pair of side weirs which are
pressed to both sides of the cooling drums, for
continuous casting into a thin cast strip. With this
20 type of apparatus there is no need for a multi-step hot
rolling process and the final product shape may be
obtained with only light rolling, thus allowing a simpler
rolling process and apparatus, and making possible a vast
improvement in productivity; and in cost, compared to
ff 25 conventional production processes which involve hot
‘ rolling.

An example of a twin drum-type continuous casting
apparatus is shown in Fig. 1. This apparatus has a pair
of cooling drums 1, 1 placed'parallel to each other at an

30 appropriate spacing, with a pouring basin 3 formed by
contacting side.weirs 2, 2 (front one not shown) made of
a refractory material, to both edges of the cooling
drums. When molten metal M is fed to the pouring basin 3
through a pouring nozzle 4, the fed molten metal M

35 contacts the cooling drums 1, 1 forming solidified shells
5, 5 around the cooling d}ums 1, 1. ' The solidified
shells 5, 5 are integrated and pressed together at the
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| nprovenent in productivity, and in cost, conpared to 25 conventi onal
progdugtion processes which invol ve _hot rol l'ing. An exanpl e
of @ twin drumtype continuous casting apparatus is shown in Fig. 1.
Thi s apparatus has a pair of cooling drurs 4, 1 placed parallel to
eagh other at an 30 appropriate spacing, with a pouring basin 3 forrred
by contacting side weirs 2, 2 (front one not shomn) made of

refractory materi alRogi-isn Wherpedhs 1@ tddy iGgrpling dipmF@randPsasit é:r?
metal Mis fed to tdpadndy, basdn &he cloééytoqwblacmﬁurdm@hmwoaﬂgthe

fed nol ten netal M35 ont cts the coolin dr uns mng soli.difjed

shel |'s 5. 5 o L0 oG AL AT SEEL 6 ity s s er ibed

shells 5, .5 are inttﬂﬁkﬂirﬁissa,ndarw eﬂﬁaed:}tmgeidm:r stirithé is fed out

- 2 - p05|t| n _wher in | i LW are closest to
q:c]1no‘§ ﬁiy g’sﬁt(e}%’ tor?g%ngo%rq’

each ot her, i.e., lon O I druns, to form
a thin cast stri p 6 vmtti-‘:lgme Zprsehmws leed embod imerti @I&é‘é@ coed inge M cast

strip 6 is fed out i tiaaus | ol %ndrolfrTEh 11
Fig. 2 shows an errbodsi Tent ofaJthe co?)rlhlté ng rltﬂ'r%h%rc dtrl descri b e Cog mgThe

cylinder section ofinue lcsomprgses a slgeym 10cReh itsoasg §I1ee

base 11, and both gsjdes of the cylinder section are connected to a rotatlng

10 shaft 7. The sleeve 10 has a plurality of cooling water
channels 12 across the entire perimeter face 15 of the
cooling drum, and cooling water.L is pressure-pumped from
inlets 13 through the cooling water channels 12 and
discharged from discharge outlets 14. The heat of the

15 molten metal contacting with the perimeter face 15 of the
cooling drum is absorbed by the cooling water L through
the sleeve 10 and discharged out of the system.

For the material of the sleeve 10 there is usually
selected a metal with good heat transfer, such as copper

20 or a copper alloy, for more rapid heat removal from the
molten metal. Also, as shown in Fig. 3, the outer
perimeter face of the sleeve 10 usually has a plated
layer 16 of nickel 6r cobalt, which has lower heat
transfer than the sleeve 10 but good mechanical

25 durability, formed as an outer protective layer in order
to control the cooling rate of the thin cast strip.

One problem with continuous casting using the
cooling drums described above is that a drum gap 9 formed
by the closest position of the cooling drums becomes non-

30 uniform along the widthwise direction of the cooling
drum, due to heating of the cooling drum 1 by the molten
metal which results in its thermal expansion and swelling
into a barrel shape. When the solidified shells 5, 5 are
pressed at the drum gap 9 formed by the closest position

35 of the cooling drums in this non-uniform shape, the
pressure force on the solidified shells 5, 5 becomes non-

uniform, thus making the cast thin casting strip 6 non-

T



si des of the cylinder section are connected to a rotating 10 shaft 7.
The. sl eeve 10 has a plurality of caqoling water channels 12 across the
entfre perinmeter face 15 of the cooling drum and cooling water L is
pressure-punped from inlets 13 through th& <tooling water channels 12
and; di scharged from di scharge outlets 14. The heat of the 15

mol ten metal contacting with the perinmeter face 15 of the cool ing.
drumis absor bed byutlhgoxc‘lamtmn*ghwavrkdtfthewﬁpgwctmn wihkle) 2l Ii’éo%glng a
di scharged out of tRHenSYSiEHm cooling ratd®lof Nendbtiein adadtindesBrEpVacEdss
there is usually selected a netal Mﬂth¢%P°d heat transfer,, such.as

copper 20 or a coRperidth And rRNeRALIIGALIRER TUHRVAT FTOTKS hand
mol ten nmetal . Al so,wBsnkheswin nthe thih ddet @twip surfaqerineter face of

the sl eeve 10_usually h a plated I [, 16 | cke t

whi ch has | owér heat “In ?]E%%%]?teor Cf‘ﬁearnc?'ﬁé/eets %se gxfofgi %ﬁté%rg%%fﬁn%a%?%al
25 durability, fehapel @f tinintast motiai ehdrey dras bepnrigdisclosed oin
control the COOl'ngJéé?ﬁéég ﬁﬁg%éﬁmﬁédxﬁgﬁﬁﬁﬂ'ﬂhblication No Ow1pip e

Wi th continuous casting using t I ng druns described above is

that a drum gap 9 fthed of offgettiac|thetheiamal PIs 1M b AIHTUr s
becomes non- 30 Y fddl B Ptinhe W oS -BHARd drud ditecadlidly is

drur due € 0gemt | ol % 00 D L SISIPISRY opead' Bl

When the solidifiediheldaling drame will beprresearteat ttchesdruhm gajrbn farowd',
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uni form thus naki mpndeyidystforiried @dsttiheg osttep penimeter face of the
cooling drum and will be defined to mean the difference

15 between the radius of curvature of the center portion in
the width-direction and that of the most edge portions of
the cooling drum. '

The degree of the convex crown of the thin cast
strip may be adjusted by adjusting the degree of the drum

20 crown according to the method described in the above-
mentioned publication, and, in fact, the adjustment of
the degree of convex crown by other methods involves very
a complicated drawing step after casting and an increased
cost. For this reason, a drum crown must be added to the

25 cooling drum 1 in the continuous casting apparatus

" employing the_coolihg drum.

Nevertheless, when cast strip is produced with a
cooling drum provided with a drum crown for exact
offsetting of the degree of thermal expansion, for

30 example in the case of austenitic stainless steel, as
shown in Fig. 4, a phenomenon occurs wherein the
thickness of the portion of the thin cast strip 6 from
the edge to 50 mm in the widthwise direction becomes
enlarged. In the case of excessive enlargement, another

35 phenomenon has occurred in which the edges of the thin
cast strip drip off directly under the cooling drum. The
enlargement will hereunder be referred to as "edging up",



- 3 - . uniformin the wdthw se direction while also producing a
non- unlforn1coollng rate of the thin casting strip across the width
and‘generatlng defects such as cracks and wrinkles in the thin cast
strip surface. 5 In order to overcorre 4 ht s probl em concerning the
shape of thin cast strips, there has been disclosed in Japanese
Unexam ned Patent Publication No. 61-37354 a nmet hod of offsettlng
the thermal expansi®if sirigping aff of the mdgesoilig ke KRfexred to as

concave-shaped dr umé‘dgwndgy-ch |€[!he1thfe§:@i1&@/%eﬁ:twééiﬁ tﬂ’@’l'&lﬁfxlmlhler eunder

this concave shape um wi| | referr the
"drum cr own*, tch igknesse Adé%r 32‘ 19%&’?? “HEum &td\m Yt . el reneesoﬁ‘ B
t he concavi tof ftdremedigats tofe tiuet d’:ﬂ‘ll}ﬂElClalsﬁ‘i et figc evidth triee 1nfluence by

cooling drum and w fined e (i r e t he

radi us of cur\gjatur éd(%lqﬁ%% a‘t goﬁﬁgnb? dg ti gdte%% t}%t éﬂﬁtn\gfq'g)n and

that of the nost ed@dighdr't-i ons of t he cooling drum The

degree of the convex crqm% %d&ﬁ%gtﬁbnaﬁashd losgtgbguqaleebaﬁd%%ged by
e

adj usting the degree of crown accor to'the method
described in the afdfficult orpdpppssédLleubri é&tllloHP he casts SET1R-he

adj ust ment  of Inbldedegies 9h @aavenagéow lﬂ}ieOTfhﬁéln'phrbﬂd&ﬂ pleltess
very i_ncreased

a conplicate ramnn after castin 3n
cost. For thjré r ea@@kuTZ 1d¥uni 39) Eﬁgt mﬁgeaéi&e&"‘BBS?ﬁ blssto  aggempdd St um
1 in the continuougsodastformiagpbyafiiaal rolling. This also can become a

p cause of cracks and wrinkles in the thin cast strip

s surface. Much trimming and surface grinding is necessary
to avoid these problems, and this both complicates the
15 process and lowers the yield.

It is, therefore, an object of the present invention
to obtain a thin cast strip with a satisfactory shape
while preventing edging up and edge loss of a thin cast
strip formed of molten steel when thin cast strip is

20 produced with a twin drum-type continuous casting
apparatus.

It is another object of the present invention to
prevent occurrence of cracks and wrinkles in the thin
cast strip to provide products with satisfactory surface

25 quality.

DISCLOSURE OF THE INVENTION

In order to achieve the object described above, the
present invention provides a cast strip wherein the solid
fraction at the center of the thickness of the thin cast

30 strip is greater than the fluid critical solid fraction,
with the distance ¢ being around 50 mm from the edges
toward the center in the width direction of the thin cast
strip which is constructed of the solidified shells and

- unsolidified molten steel at the closest position of the
35 pair of cooling drums of a twin drum-type continuous

7

casting apparatus.
The solid fraction is defined as a volume ratio of
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enpl oyi ng .t he cooling drum Nevert hel ess, when cast strip is
produced with a cooling drumprovided with a drunlcromn for exact

of fSefting of the degree of thermal expansion, for 30 exanple in the
case of austenitic stainless steel, as shbwa in Fig. 4, a phenonenon
occurs wherein the t hi ckness of the portion of the thin.cast strip 6.
from the edge to 50 mmin the w dthw se direction becones .

enl arged. | n the catkeosobidcphase per mpthevelungoehckhgsthin ppasbrebkbip at

has occurred in whighet&enedgess Ofhd Nenidkiess of CRSItRiA I Padki SePip within

directly under the cooling drum The enl argement w Il hereunder. be
referred to as ede ve-mentloned range of the distance (, and thg _

?‘Ed gr#]ppl ng ofL offlxhﬁde@lﬂgsh ioal | sdkid efﬁwﬂf(ﬁ OifiSthe Solhld eﬂ;g&d dins:s"at

e difference between the m i ckness A of the e up

sections and She tﬁﬁﬁﬁﬁ§§% {ghuiﬁlph?ﬁetﬁﬂ§ S <X1J??§|{'cas §?r|p

with no influence bfludity eansd rhgagﬁms( Ao @vwdﬂrémgﬁefl i smsvalue "esid ng

up height”. cha acteristit gﬂBﬁg. J%Q&H“Bfﬂgﬁélﬁgﬁiéﬁxégeeitand can
letoro

becones di ffjcult or I mp up the cast strip
| nadequaci es in thé’%k%?ﬁ%e@mﬁﬂfealflma‘le%mt plate, 10 natural ly, will

often make it inpossibl adRARAHGRIRI Hhe present invention, for production

' 10 of the cast strip, a prescribed degree of drum crown is
added to the cooling drums and the gap between both
cooling drums at the edges of the cooling drums are thus
narrowed to squeeze and eliminate from the cast strip the
sections where the solid frébtion of the cast strip at

15 those edges is smaller than the fluid critical solid
fraction, in order to increase the solid fraction of the

£\

cast sfrip at the edges of the cooling drums to be
greater than the fluid critical solid fraction. This
gives adequate fusion between the solidified shells of

20 both edges of the thin cast strip at the drum gap formed
by the closest position of the cooling drums and prevents
edging up, etc.

The fluid critical solid fraction is determined by
the kind of steel, and the solid fraction changes

25 depending on the thickness and width of the cast strip,
therefore, upon determining the relationship between the
thickness and width when the solid fraction is equal to
the fluid critical solid fraction, the degree of drum
crown is adjusted.so that the value is gfeater than this

30 solid fraction (fluid critical solid fraction).

For example, if the molten steel is austenitic
stainless steel, the relational equation based on the
conditions of the cast strip (thickness and width) with a
solid fraction (the fluid critical solid fraction of the

35  steel) of 0.3, is (0.0000117 x d x W) + (0.0144 x d x

W); consequently, the minimum wvalue for the degree of

o~



roll form.ng by final rolling. This also can becone a cause of cracks

and, w.inkles in the thin cast strip . surface. Mich trimm ng and
'surface grinding is necessary to avoi d these problens, and this both
conplicates the 15 process and | owers the vyifel+. It is,
‘therefore, an object of the present invention to obtain a thin cast
strip with a satisfactory shape whil e preventing .edging up and edge

loss of a thin castdrum crawn basest A tWiesmiqast stioelP (harrrdt l€%§t1§tF?%
is 20 produced wilue dpMdlnEdiBy Wi Cébﬁ#@l&}lﬁaﬁlﬁﬁh NgIt is cheArehas.

It is another object of the re ent_.i nv ntlon revent rence

of cracks and wri nkiR& BarY I, the %frqrdmf omg B e gf%d{]%?s
with satisfactory suihifclases2b s:.nuqaua:lhd y:ast strip is AsERURNY GF fdader of

| NVENTI ON 0 achi eve the object described above, the
present i nvenP| on prooov]ihidlgcgg{:r g}ast strip wherein the solid fraction at
the center of the thickiEgeeaf when tthien moddeBGteelstig pustepidsi@rsiabmless

the fluid crltlcalsq._(y_ld farQFetdr%@ f wi Iy hedigdHance [err] being
around 50 mﬂfromthe £ Crrc?i’the center in the width direction

of the thin cast Ooeﬂ%rﬁlﬂ Wmch‘ |Ws)c'(iné?r%(*@d"o?j khB) sl FHi £ 8ddshed s
and unsolidlfled mol ten steel at the closest position of the 35, . (1)
pair of cooling druns of a twin drumtype continuous casting

apparatus. 10 (whepge ds disi Fher i e|5§ @t ithed thdny C\F‘(ﬁ‘iﬂ?é“i’eﬂ iapHM is
the width of the thin cast strip (mm)), is added to

cooling drum;

C”* when the cast strip is ferritic stainless steel
(fluid critical solid fraction is 0.6), a degree of crown
15 Cw such that: '
(0.0000124 x d x W) + (0.0152 x d x W) £ Cw < 0.5 x d
. (2)
is added to the cooling drums;
when the cast strip is electrical magnetic steel
20 (fluid critical solid fraction is 0.7), a degree of crown
such that: _
(0.0000131 x d x W) + (0.0161 xd x W) < Cw < 0.5 x d
| | (3)
. is added to the cooling drums;
{:J 25 and when the cast strip is carbon steel (£fluid
| critical solid fraction is 0.8), a degree of crown such
that:

(0.0000138 x d x W) + (0.017 xd x W) < Cw s 0.5 x d
(4)
30 ° is added to the cooling drums.

The present invention further provides, as an other
method of increasing the solid fraction at the edges of
the cast strip, a method wherein the difference in
temperature at the surface near the edges of the cooling

35 drum and the molten steeliis increased to reinforce the

heat removal effect, and promote formation of the



- 5 - . the solid phase per unit volume of the thin cast strip at

the, center of the thickness of the _thin cast strip within t he

above: ment i oned " range of the distance [err], and the fluid critical
solid fraction is the solid fraction at 5 =whith a liquid phase (nolten
steel ) does not have fluidity and begins to have strength. This
value is a characteristic phyS|caI val ue of the nolten steel and can
be experlnentally|ﬁ§%&ﬁ¥§#ed shells and /%ﬁkﬁ%ﬂ?&?t%?%#ﬁa?ﬁ%ﬁﬁ%ﬁ“l?ﬁ%ﬁt e
for production 10 eddds tay_e tq&stcasgﬁ idbrip REHH | tagraea i titk uflwidwn

S added to the coaqli and the gap between both
cooling drums at tH& E&ﬁéicﬁéi%i:£§§ﬂ Y druns are thus narrowed to
squeeze and el im nate frRon tilescasdassin, @dduarding to g ionsemhiere, tihe

sol id fractiog of the a5l Sl 0 Al i dISE SRS IOl dmdhald it

fluid criticall soli rac Ion, 1norder to 1ncrease the
fraction of the the cudsr gedimeten Hacelgds tife sHeavsolwhighirhas hepme

greater than the flayqheff iddchla U @Jorl%tgl Qﬂ:umTh'asnd a concHWE TRARI WA
fusion between the solidified shells of bot'h edges of the thln

strip at the drum faSl99Fefe @t °r°W"b>$“‘iaH-é eq S Yhsideareorh 1RF fqaﬁgthe
druns and prevents sleeve edf@lrﬂ@dubn ch@ surface of aTtmafrJeui d a3t ifoadmed
?O|Id fractlﬁ IS dﬁ&ﬁ&%% gﬁ O% o Ki of s&e%ﬁe and the solid
raction cha ges 28 FEFACHE 5hPFﬁémFﬁ|5k 85§ 8 dft ST She cast
strip, t her ef or e, Thisn edhaceisnithg tbeliagaeifdest pchrossedhe lemtire
thickness and wi dt{;yagn Eh%haohbglgﬁﬁchkﬁﬂ 'im%&%@bst%he solid fraction of
C the cast strip at the edges of the cooling drum to
increase it above the fluid critical solid fraction while
15 preventing generation of cracks and wrinkles in the cast
strip surface.
| BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a side view of a conventional twin drum-
type continuous casting apparatus.
20 Fig. 2 is a partial'cross-sectional front view of a
conventional cooling drum.
Fig. 3 is a partial cross-sectional expanded view of
a conventional cooling drum.
Fig. 4 is a widthwise cross-sectional view of an

25 austenitic stainless steel thin cast strip in which

— .
P

edging up has occurred.
Fig. 5 is a cross-sectional view along line X-X in

Fig. 1. _
Fig. 6 is-a graph showing the relationship between
30 the calculated value of the solid fraction at the center

of the thickness of an austenitic stainless steel thin
cast strip and the height of edging up.
Fig. 7A is a cross-sectional view along- line Y-Y of
Fig. 1 for a cooling drum with a degree of crown added,
35 according to the invention.
Fig. 7B is a cross-sectional view along line Y-Y of
Fig. 1 for a cooling drum with a degree of crown aaded,



the fluid.critical solid fraction, the degree of drum crown is

adj usted so that the value is greater than this 30 solid fraction (fluid
critical solid fraction). For exanple, if the nolten steel is
austenitic stainless steel, the relati ona8 equation based on the
conditions of the cast strip (thickness and width) with a solid
fraction (the fluid critical solid fraction of the 35 steel) of 0.3, is
(0.0000117 x d x Wwehri¢dh is (ouiggide xthe xscope oftheinepicirny, the

m ni num val ue for the deg{®e ®fis a graph showing XHENSE0NEL SR Bethese
cast strip's conditions 1S"the val ue obtailned by the above equation.

It is clear that the calpulatednkakur UhdhR FRELGIIRUMD A the gonter
thi ckness since thefashe StHidkndsPEBELFd¥riciRidgtainldss siasl | tlginlresst

Hence, when the nolten steel i,s qustenitic stainless steel, a degree
of crown Ow sdch t HEt:*P S t}t%%‘f’i ec#%’ﬁé’r‘?']) + (0.0144 x d x W -
[err] Cw([err] 0.5 x d Fig. 9 is a graph showing the relationship between
(L) 10 (whetghd] da dditaddy Y £lie ddVik Frifeeiidd RkhdVdenter
the width of the thin cast strip ( , 1I's adde 0 cool 1 ng drum
of the thickness of an electrical magnetic steel thin
cast strip and the height of edging up.
10 Fig. 10 is a graph showing the relationship between
the calculated value of the solid fraction at the center

of the thickness of a carbon steel thin cast strip and

e the height of edging up. _
Fig. 11 is a graph showing the relationship between
15 the thickness and width of an austenitic stainless steel
thin cast strip and the same solid fraction (calculated
value) curve at the center of the thickness at the edges
of the thin cast strip.

Fig. 12 is a graph showing the relationship between

20 the thickness and width of an ferritic stainless steel
thin cast strip and the same solid fraction (calculated
value) curve at the center of the thickness at the edges
of the thin cast strip.

Fig. 13 is a graph showing the relationship between
£ 25 the thickness and width of an electrical magnetic steel
thin cast strip and the same solid fraction (calculated
value) curve at the center of the thickness at the edges

,.
rd

of the thin cast strip.
Fig. 14 is a graph showing the relationship between
30 the thickness and width of a carbon steel thin cast strip
and the same solid fraction (calculated value) curve at
the center of the thickness at the edges of the thin cast
strip.
Fig. 15 is a graph showing the relationship between
35 the thickness and width of an austenitic stainless steel
thin cast strip, and the degree of c}own of the cooling
drum and shape of the edges of the thin cast strip.



when the cast strip is ferritic stainless steel (fluid critical
.solid fraction is 0.6), a degree of. crown 15 Cw such that:

(0.0000124 x d x Werr]) + (0.0152 x d x W [err] Cwlerr] 0.5 xd

(2) i s added to the cooling drunms; 9 - when the cast strip is
el ectrical magnetic steel 20 (fluid c_rltlcal solldfract|0n|507) a

degree of crown such that: (0.0000131 x d x V¥err + (0.0161 x
d x W [err] Cw [err] 0.Bigk. dl6 is a graph showing the re atlonshlp between

(3) i s added Elﬁé e Sold il W@dt}?%f a ferrfdfk V@@é‘lﬁi’@s:@aé’éeél rip
Is carbon steel (fluid critical solid fraction is O. a degree. of

crown such t Hepin cast i?F%RXMEHﬁBSP?jQFQH%ﬁr?§ qI?YPdﬂ%'Qh% SOy Lng
[err] CM{[err] 0.5 dgein and shape of the edges of the thln cast strip.

(4) 30 dded to t ng dru ent_.iny
further prow S as an@e 0171 15 & gheply showing ealr§| ng etzl%‘% eﬁ%%
at the edges of the tmaiasatssstanqowmmetdﬁ)mm/mir@trldﬂal dndgm&@m&t&el

tenperature at the Sunf @%&rrlw] QﬁneOfdetJ]:eeﬁ% iYW of é’@é”ﬁc%ﬂ?
nolten steel is increased to reinforce t eat renoval ect
pronote formation grutha@nd shape of the edges of the thin cast strip.

Fig. 18 is a graph showing the relationship between
10 the thickness and width of a carbon steel thin cast
strip, and the degree of crown of the coéling drum and
_ shape of the edges of the thin éast strip.
(;J; Fig. 19 is a partial cross-sectional front view of a
cooling drum according to tﬁé invention.
15 BEST MODE FOR CARRYING OUT THE INVENTION
- The present invention will now be explained in more
detail by way of the following examples.
As a result of detailed research on the formation
and growth of solidified shells in twin drum-type
20 continuous casting apparatuSes, the present inventors
have discovered the following facts.
Specifically, when the above-mentioned apparatus is
used for casting of thin cast strips, since the side
_ weirs 2, 2 shown in Fig. 1 do not move in synchronization
£ 25 with the cooling drum 1 and the solidified shell 5, the
solidified shell 5 rubs against the side weirs 2, 2
during the formation and growth of the solidified shell 5
around the cooling drum 1, causing continual poor
adhesion between the cooling drum 1 and the solidified
30 shell 5 near the edges of the cooling drum 1.
Furthermore, during formation and growth of the
solidified shell 5 around the cooling drum 1, as shown in
Fig. 5 which is a cross-sectional view along line X-X of
Fig. 1, the solidified shell 5 has a lower concentration
35 and undergoes a contracting force in the direction of the
arrows S parallel to the axis of rotation 7, 7 of the

cooling drum. At the same time, since the normal molten



solidified shells and raise the solid fraction near the edges of the
cas{.strip to be greater than the fluid critical solid fraction

|For this reason, according to the invention, the 5 cooling drumis nade
W th a concave crown formed around the dQter perineter face of the
‘sl eeve whi ch has been formed around the cooling drum and a concave
crown with a degree of crown snaller than the degree of crown of the

sl eeve, formed on tstesutteightof dpltdedasgrioimofedhry twin R tRe

outer perimeter fa%rﬁﬁlﬁﬁﬁ.\ss'cea%\teing apparatus (Hlgs anhanrcefo tHigyhaolilh
effect across the entlre f

t he cqolin es th
solid fraction of about tqp@%tg’ﬁlpﬁwuﬂ?e’é’d(ﬁ% Lj{{-}%; cwgf){(ﬂq
increase it above tdieddds dhey isdldali fdeld dhenacts agadlnisite the perpm@imﬁ |frag:e

gener ati on of _crack d winkles |n o e ;&ast tri C

BRI EF DESCRlP?lmG%‘aFEEﬁ%?ﬁﬂ@s 18" Yo, Thuk, ag%ef"@‘ugv’\}oflg 2
conventional twin dhemsolidifieghehedit |5nmsscam ifxgma e Perimergr face -
Fig. 2 is a partial, f”t‘?t%slg%%‘i nrufd ARk Y:'oe‘i‘.’h‘éf cdntract ingSHILONA the

cool ing drum Is a partial cross-sectional” expanded view

of a conventﬂemﬁchyﬂﬂ Pﬁgt@ﬁuﬁﬁrows S near thg egges wa¢@@hﬁﬁgélng

cross-sectional vigw,af 180 3is raeahgnbgbemé%ahahs&aa@u@ehpbm Fapdst sStrip
i n which edgi ng _up has occurred. g 192
cross-sect i oh@l V|€®°&P6Hg°¢|ﬁ@exm21tﬁn Steelpﬂnglt e 200 Ling dgup lsand
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&a The rising increases along with increasing width of
the cooling drum 1, or widtﬁ'of the thin cast strip 6.

15 Also, when the cast plate thickness increases due to a
slower casting rate, the solidified shell 5 at the center
of the width of the cooling drum is further cooled, thus
increasing the contraction force and resulting in more
rising.

20 When rising of the solidified shell 5 from the
cooling drum 1 occurs, air gaps 8, 8 are created between
the cooling drum 1 and the solidified shell 5. The air
gaps 8, 8 are very small, being at most within a few tens
of um, but the increased heat transfer resistance created

. 25 thereby is significant. Thus, the solidified shell 5 at
the widthwise edges of the cast strip undergoes retarded
solidification compared to the widthwise center.
Furthermore, the solid at the center of the width of the
thin cast strip (hereinafter referred to as "plate

30 thickness center") at the closest position of the cooling
drums becomes lower at the widthwise edges than. at the
widthwise center.

In cases where the solid fraction is below the fluid
critical solid fraction at the plate thickness center at

35 the closest position of the cooling drums, the weakness
of the plate thickness center does not allow adequate
bonding of the solidified shell at the closest position



of the thickness of an austenitic stainless steel thin cast strip and

t he_hei ght of edgi ng up. : Fig. 7Ais a cross-sectional view al ong
ling Y-Y of Fig. 1 for a cooling drumw th a degree of crown added,
35 according to the invention. -Fild. -7B is a cross-sectiona
view along line Y-Y of Fig. 1 for a cooling drun1mﬁth a degree of
crown added, I ch

is outside the scopef othe roehiagidmms. In addlth41;5¥Pq%;?P%y%ﬂﬁﬂdlfled
showi ng the rel ati osydnp mtmported ddmmaaﬂcptalai oy ttauaiaﬁdme st ithe

fraction at the center of th knes a fer iC,s £s

steel thin cast 5 Cooking fohmy ot é%@ %ﬁﬁ-éled srell éhkfh

![ﬁ a glrelghf ShO}[Ni ng H&tma Lﬁisatt I%Hﬁécptbﬁid@ﬂthe tcﬁlostehﬂ: @i?lﬁl&il’ﬁfbﬂ/a‘ihm ?)f
e soli ragtion a e center i.C n

magneti c steefl thi rF°° ast® &59 ﬁufr?& tﬁgeﬁ:é) é’ht 05% ggl %gcﬁ‘&%cé%()%

Fig. 10 is a graph wio mg:ttdne!:or @Ipdiutonsia pwoetsndddified sthied lsal c@heitsed

e Ol Lne Soiid AR 0D ARGt Shicn aced (N ShCkIELR 2

carbon steel thin cast stri ht o

Fig. 11 is a graph sgid\mlrfgetqqeheéllat mﬁgﬁpe%et weeﬁnrery m%.%@é@%d
wi dth of an austenidyicigle¥slc@ntett 8¢ the widthwise edges. Since the gap

10 section has been insufficiently solidified, molten steel
is immediately fed from the reservoir seetion and fills
it, resulting in enlargement of.the'plate thickness, or
edging up, as shown in Fig. 4. Moreover, if the
solidification at the center of the plate thickness is

15 even more inadequate, the above-mentioned gap becomes
excessively large, and the amount of filling molten steel
increases, leading to remelting of the solidified shell
by the heat of the molten steel, and resulting in edge

N

loss.

20 On the other hand, when the solid fraction is
greater than the fluid critical solid fraction at the‘
plate thickness center of the widthwise edges of thin
cast strip at the closest posifion of the cooling drums,
no air gaps 8 are produced, and the solidification shell

{H”- 25 5 produced between both cooling drums 1, 1 is

) sufficiently integrated by the pressure of the cooling
drums 1, 1, becoming integral as it is fed downward_from
the cooling drums 1, 1; consequently, irregular
solidification at the edge of thin cast strip, such as

30 edging up, does not occur.

As explained above, in order to prevent edging up
and edge loss of thin cast strips with twin drum-type
continuous casting apparatuses, it is necessary for the
solid fraction to be greater than the fluid critical

35 solid fraction at the plate thickness center at the
closest position of the cooling drums, along the entire

width of the cast strip.



thin cast--strip and the sanme solid fraction (cal cul ated val ue) curve

at the center of the thickness at t.he edges - of the thin cast strip.
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Upon further investigation of methods of eliminating
the low solid fraction sections of the plate thickness
center at the closest position of the coaling drums,
possible measures were found to‘include increasing the
pressure force of the cooling drums and increasing the
degree of concave crown of the cooling drums. However,
increasing the pressure force of the cooling drums causes
trouble such as surface cracking of the thin cast strip
due to the pressure force, while it is also difficult to
increase it above the normal pressure force of 1-10
kgf/mm of the cooling drums; with this pressure force,
therefore, it is not possible to adequately eliminate the
low solid fraction sections at the plate thickness
center, and the object of the present invention cannot be
achieved. On the other hand, it was confirmed that when
the degree of concave crown of the cooling drums is
increased, it is possible both to eliminate the low solid
phase sections of the plate thickness center by the
amount of crown increase, and to create this effect
locally near the edges; consequently, it is also possible
to uniformly adjust the solid fraction at the plate
thickness center in the widthwise direction simply by
adjusting the degree of concave crown of the cooling
drums, thus allowing the object of the present invention
to be achieved.

Also, as methods of reinforcement of heat removal
near the edges of the cooling drum, a method of
increasing the temperature differencé between the cooling
drum surface and the molten steel to increase the driving



Fig. 16 is a graph show ng the relationship between t he thickness
and_width of a ferritic stainless steel thin cast strip, and the
degree of crown of the cooling ' drum and shape of the edges of the
thin cast strip. 5 Fig. 17 is a graphl8hew ng the rel ationship
bet ween the thickness and width of an electrical nagnetic steel
thin cast strip, and the degree of crown of the coolin drum and

shape of the edges f¥rqhef Hilie heat sigmqyal, and a met%ﬂdg.°f18“}%r%9i)‘r%ﬁ:he
showi ng the rel ati opshti RaidRan o0 the I itk diass waitd Wididief. a ey bon

steel thin cast strip, and the degree of cro of the caalin r.um
and shape offocbﬁ‘@%d‘é?‘ e IV Ve SXterne) 1ocal COOanqF%gté%
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the fol |l owi ng exansitable effect. FAs &heedaltitest mgshad, e adiassdment tthe

formation . anq‘_hg_rc@eﬁe@s()fofs‘Elhit?dbflia%‘Eln?"Q!a r Bnl Whg U@t YRS ideter
continuous casting apparatuses, the present inventors have di scovered

the following fact§ace of the cogddags dxam yasAenndnh&oaBsy &Lt tidFed
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;ornation and gromﬁﬁaggnbhgayer 1650 pebfbedrahebbeh 86q88d0ENEHE0RLLIGNg
rum11, as shown i
15 drum 1 have had a greater thickness of the poorly heat-
conductive plating layer 16 than the center section, thus
reducing the cooling power of the cooling drum 1 at the
edges. Thus, by providing a construction such that the
thickness of the plating layer 16 with lower thermal
20 conductivity and higher heat transfer resistance than the
sleeve 10 becomes thinner from the center of the cooling
drum 1 toward both edges, it was possible to reinforce
heat removal near the edges of the cooling drum, and
uniformly adjust the solid fraction at the plate
{ 25 thickness center in the widthwise direction simply by
‘ adjusting the thickness of the plating layer across the
width of the cooling drum.

A method according to the invention will now be
explained wherein the degree of crown of the

30 aforementioned cooling drum is adjusted based on the type
of steel.

The present inventors first studied the relationship
between retarded solidification and edging up/edge loss
of austenitic stainless steel in a twin drum-type

35 continuous casting apparatus, and analyzed the details of
the casting’by numerical calculation of the temperature

history of the thin cast strips.



Fig. 5 whi.ch is a cross-sectional view along line X-X of Fig. 1, the
solidified shell 5 has a | ower concentration 35 and under goes a
contractlng force in the direction of the arrows S parallel to the
axis of rotation 7, 7 of the cooling drud® At the sanme tine, since

the_nornal nolten - 10 -
steel height Hin the reservoir of the twin drumtype conti nuous

casting apparatus (Fig. Bigi s rehangidie medmtionshimRRRWERID Tthe Yhkmwe
pressure in the mlfﬂhét&pltwlmm phasell (@381 tﬂ%c&g.drﬁ)l fdeccishel | 5
agai nst the perlneter face of the &gflln%FSrun1l .S o ngﬁ? as -
shown in Fig. 5  thicknegs &ﬁ‘}t(ﬁlf P i Ga8t, 5% En I‘Fé’ er'tFret er
face of the exdpinmmhenghts, tupdrhecaplietden rf fgrmech of hﬁle
direction of the arr ne Ldge f t.he cool i;ng 4

ri sing becone notlcgibq% hecglr?hegé c_i) O 68 Fc% t Re erml en stee]I %Hbts
the cooling drum 1 pmaition of dihe tc@qlhélgl cwugisr,e mielredin tthe shlstginged
shell 5 as a ffd?:fl'gl{e (gdc%etss ttolai'a'?:'ae%iea'&@n@eg:h o(fo%@@"ttrfﬁ?d Qast strip

The rising increases a i ncreasing wd he cool j ng drum
1, or width of the Shawn clasthgrﬂ& @nd1 5B lsAWéGhl\Rhérq f'ﬁ'e c &dispdpawing

thi ckness increaseghHbus that edgingSuPWetcudst When &he, sblldds EHraditfiiced 1s

shell 5 at the center of the mn th of the CO%|IH% drumis f.urthe
cool ed. thusl® lower than 0.3. also shows t dglng up 1ncreases

in proportion to the reduction in the solid fraction, and
in cases of notable reduction, edge loss occurs from the

N

thin cast strip.
The mechanism of the edging up and edge loss

15 described above will now be explained in detail. For
casting of austenitic stainless steel using a twin drum-
type continuous casting apparatus, if the above-mentioned
solid fraction of the thickness center C of the thin cast
strip at the closest position of the cooling drums (the

20 plate thickness center) is greater than 0.3, the
solidified shell produced between the cooling drums is
sufficiently integrated by the pressure force of the
cooling drums, and fed downward from the cooling drums so
that irregular solidification at the edges, including

25 edging up, does not occur.

Figs. 7A and 7B are cross-sectional views along line

Y-Y at the drum closest position in Fig. 1 showing
different degrees of crown of the concave-shaped cooling
drums for continuous casting of an austenitic stainless

30 steel thin cast strip. If the degree of crown of the
cooling drums is increased as in Fig. 7A, the solidified
shells 5, 5 at the edges of the cooling drums are pressed
strongly against each other'by the pressure force of the
cooling drums, causing the unsolidified molten steel M at

35 ' the plate thickness center at the cooling drum edges to
be eliminated upward. As a result, the solid fraction at
the plate thickness center of the thin cast strip



i ncreasing-the contraction force and resulting in nore rising. 20
EVMen rising of the solidified shell. 5 fromthe cooling drum 1l occurs,
air gaps 8, 8 are created between -the cooling drum 1l and the
solidified shell 5. The air gaps 8, 8 aréSvery snall, being at nost
within a few tens of [err]m but the increased heat transfer

resi stance created 25 thereby is significant. Thus, the solidified
shell 5 at "t HENGFRFRF saPRR) R Bf the cast strip undergoes retarded
solidification corrpar ed d):o tHe MKEIMSRd COAMES -the degiai tOEIdES®n dHethe

solid at the center he dth of the t.hin ca,s tri herelnater
referred-to as ‘X\%‘m%k’rﬁaﬁ"@e}nt@?d ythg Skl %‘%‘%“s‘? st

t he cooling CU.lBT;B ﬁde@wmdmmfatﬁtort heet i ol tprmafe etdgiaskridEm eaénttehe of

wi dt hwi se center. | n. case the lLid fr c.t| el wthe
fluid criti ca asdt fsrtarc 1R gaf]t 3‘[ sat°e t |eckcr?e°ss ci%lfe'ir%lé3
t he cl osest positi amalffﬁllm&molamb wﬁ’a]m aSt ta?mwakme@g 7B, ofeSt\tﬂel'-lmatJel

thi ckness cent er dqes ot d QUANSHHIYE the solipHM Gndii Sl ighd | ed

shell at the closest posttio e coo I ng
addi tion, since thé&lasash fH%’dtlon of g |cqod imgs kESt-ed TFGHRRERP LS ong
the curvature of tRGnce the solidified shells are transported downward

10 along the curvature of the cooling drums, both edges of
the solidified shells which have just paesed through the
closest position of the cooling.drums are subjected to a
~ ' force in a direction which acts to split the two
solidified shells. This force in a direction which acts
15 to split the two solidified shells produces a momentary
gap at the plate thickness center of the widthwise edges.
Since the gap section was insufficiently solidified,
molten steel is immediately fed from the reservoir
section and fills it, resulting in enlargement of the
20 plate thickness, or edging up. Moreover,; if the
solidification at the plate thickness center is further
inadequate, the above-mentioned gap becomes excessively
large, and the amount of filling molten steel increasee,
leading to remelting of the solidified shell by the heat
{ 25 of the molten steel, and causing edge loss.
| As explained above, prevention of edging up and edge
loss of austenitic stainless steel thin cast strips was
found to be dependent on a critical value for the solid
fraction of the thin cast strips. This critical value,
30 or solid fraction of 0.3, is the fluid critical solid
fraction. Thus, in order to prevent the aforementioned
defects in the thin cast strips, it is necessary for the
solid fraction at the plate thickness center at the
closest position of the cooling drums to be greater than
35 the fluid critical solid fraction of 0.3. In order to
achieve this condition, it is necesséry to increase the
degree of crown of the cooling drum as explained below,



cooling dr,um both edges of the solidified shells which have j ust
passed through the closest position of the 5 cooling druns are
subjected to a force in a direction which acts to split the two
solidified shells. This force in a di redbien which acts to split the
two, . solidified shells produces a nonentary gap at the plate

t hi ckness center of the w dthw se edges. Since the gap 10 section has
been i nsuffici ent| \t&AaXKIY dehe GAR Qetdtean the cooling fhaymatrat ythe L4999

the r ese_rvoi r sectign @ cfdd]li_sng drums, tand Q;smj_g [ debeHid gemmin e thee
pl ate thi ckness, or ng .up

solidification at iR c‘aﬁiéfdfg'fla ' "p|s%scés$‘%m£k#g’§%lﬁg%e st AP i laffafshee
i nadequat e, the abae lidfatgdpbetomdre edges ©fcadss wlol iy giruendo
(e amunt of o L1 L0 JELIE R ne AN SHLOP AGATR L 10 o
in edge | 0ss. 20 As mentiomegh@bowiesr dedmddaition fe the ispXididtiash
s greater t mltlh%ryv}{ihd at' thieC@ldgel It fHRCUHM idlg Idims is MRt €
t hi ckness center of the thw se edges of thin cast” strip at the
cl osest position ofotEPleodsi Agedwifdh of thendhiny cggls sETdie INIRASSS -
and the solidificatphe,Shdlel ddree 2fPERIWHED OehecedNAny Gevins udtIBRe 1,
S o SHRLcnthy bateard eg by Ll Blessur e ol L0 \lene
daggsciétlgtffnseguegtlgugghéeggka?nwhsn tgeLbdﬁ%@@gtEepcatrﬁbd edge wifth a
éxpla(ned abov2: i%B&FgSF p&aﬁgeggﬁgﬂgggﬁnagu%he Ehl%a§855d5§rﬁggsao#é?ﬁfﬁ
cast strips with tepbdididicagpen time ¢enrequivedcasndndoaggar atuses, it is
necessary for the 551354:%9kbtibhaeiha8 F8sR®cI1R21BWekN8B11RE flikkdon shell
15 surface temperatures and thus 'greater solidification
contraction force. As a result, rising of the solidified
shell becomes notable at the edges of the cooling drums
(see Fig. 5). Consequently, retardation of the
solidified shell growth at the edges of the cooling drums
20 is more notable with greater thickness of the thin cast
strip. To compensate for this, the degree of crown of
the cooling drum must be made large for thin cast strips
with greater thicknesses.
As a result of much diligent research by the present
25 inventors in this regard, it has been found that when a
100 um degree of crown is added to the cooling drums

N

.during casting of austenitic stainless steel with a twin
drum-type continuous casting apparatus, the solid
fraction of the plate thickness center at the edges of

30 the thin cast strip at the closest position of the
cooling drums changes depending on the plate thickness d
(mm) and width W (mm) of the thin cast strip, as shown in
Fig. 11. That is, the greater the plate thickness d (mm)
of the thin cast strip, and the greater the width W (mm),

35 the lower the solid fraction of the plate thickness
center at the thin cast strip edges at the closest

position of the cooling drums. The curve in Fig. 11 for



35 solid fraction at the plate thickness center at the cl osest

positi.on of the cooling druns, along the entire w dth of the cast
strip. - 12 - As a
result of investigating methods for achieving 17 - this condition, it has
been found effective to enploy a process wherein the sections with a
| ow solid fraction _.are pressed out and elimnated b q?r ow ng, of
the gaps 5 bet vibetP bt HERAsHEQTy ofr e STt gealyg ‘%I’E C%d??lﬁ €

d[]unr*«s,OI or a pr O_CefSSeﬁm@seééu h@alttrfeem@@d ézsdéftﬁfmiﬂgllfowihng éhljlpmdﬁifd_ilea(l):
t t t
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the low solid fraction sections of the plate thickness center at. t{k)
cl osest position of .the cooli dryns, . . ossihl e asure re found
to include inereasi'fFT8He d'%s &h{@smkf"&sc{: °£ t?ﬁ*e tgg‘ﬂ} icrﬁgsstd\r,\éﬁtrﬁlpa’nc?nd
I ncreasing the degr ee Wofisc aheawd dthowf athet higoalasty shraps . (mm)

However, 15 i ncr easi h I re.for f. .CO
troubl e such as surcher%%rgtdc%sﬁg%o%?&t E:get ﬁi%ﬁa%als?%ggltlﬁ]l ?é%eq{ aue tc%l_t
pressure force, whithddkness ansbwddthi ofl & thin casti sdrddse fiar s nthe

normal pressure foieR19hgldddrees ofKAiM2bwhnie cveahign¢ &ty od th this
pressure forfg, austenitic stainless steel thin cast str%ps, wherein no
edging up occurs at the edges of the thin cast strip and
('. the shape is satisfactory. The curves in Fig. 15 are
curves for solid fraction which are the fluid critical
solid fraction of 0.3 at the plate thickness center at
15 the edges of the cast strip, wherein the casting was
carried out using the degrees of drum crown listed for
each curve, and each curve is represented by the left
side of the above equation (1). The ranges indicated by
the arrows are regions with satisfactory edge shapes of
20 the thin cast strips where the degree of drum crown is
the value listed for each curve, and the symbols
correspond to the evaluation of the cast strip edge shape
in Example 1 which follows (Table 1). That is, the open
symbols and solid symbols represent thin cast strip edge
25 shape evaluations of 0 and x in Table 1.
According to Fig. 15, it is clear that for casting
of larger thin cast strip widths and thicker thin cast
strip thicknesses, the casting must be carried out with a
larger degree of drum crown Cw. Thus, the lower value
30 for the degree of drum crown Cw during casting is
represented by the left side of the above equation (1).
The upper value for the degree of drum crown Cw will
now be discussed. Since the thin cast strip is formed by
pressing of the solidified shells produced around the

35 perimeter of a pair of co@ling drums in a twin drum-type

N

continuous casting apparatus, the maximum value for the



20 ‘therefore, it is not possible to adequately elimnate the | ow
solid fraction sections at the plate thickness center, and the object
of the present invention cannot be achi eved. On the other hand, it
was confirnmed that when t he degree of eond@awe crown of the cooling
drups is 25 I ncreased, it is possible both to elimnate the | ow solid
phase sections of the plate t hi ckness center by the anmount of crown

i ncrease, and to cr@@geeehmé @¢¢wmtof the ¢oching deum ifelLAgef;the plate
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this has the dlsadva
convex crown of the thin cast strip satisfies equation
(1). Consequently, the thin cast strip accordlng to the

invention has a degree of convex crown Cw which satisfies

(1))

N

equation (1).
A method of adjusting the range of the degree of
15 drum crown Cw with the range of equation (1) during
casting will now be explained. The cooling drums are
deformed by thermal expansion during casting, and
therefore the degree of thermal expansion of the cooling
drum is determined beforehand by elastic deformation
20 analysis based on heat flux density, and the degree of
drum crown is determined before casting with
consideration given to the degree of thermal expansion.
Since the heat flux density according to changes in the
- molten steel temperature, it sometimes occurs that the
25 degree of drum crown Cw during casting does not match the
determined value. Here, the degree of crown of the cast

I"-.\.

strip during casting is measured with an X-ray plate
thickness meter, and the measured degree of crown of the
cast strip and the determined dégree of crown of the drum

30 are compared, upon which the degree of crown of the drum
during casting is adjusted if necessary so as to fall
within the determined value. In this case, the casting
curvature angle 6 (see Fig. 1) and the casting rate are
minutely adjusted to control the degree of thermal

35 expansion of the cooling drums, and thus control the
degree of crown of the drum to within the range of

equation (1).



5 requi.ring a nore conpl ex apparatus and not providing a . stabl e
effect. For the latter nethod, adjustnent of the t hi ckness of the
plating | ayer on the outer perineter face of the cooling drum was
found to be effective. . Conventi oralioceol i ng drums, as shown in
Figs. 2 and 10 3, have had a plating layer 16 forned on the outer
perineter face of the sleeve 10 of a .cylinder (shown fl at as the
rotation axial . cross-secthorprgsente bvsntarsrhaye also applyzed the details

concave- shaped cr ow W}%"ﬁiﬁﬁbé&’aﬁﬁ‘@%ﬂl& tde thJ.n c%@té@ﬂlﬁ@%&rﬁﬁg
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the r@l ationship 3 %BSeFﬁgéﬁnPeFﬁPﬂéd SngﬁPugéHro ' aHGeE&dn p/edge
| oss ™ of austdmnsthocst &i firemstbeecetigen towaird thenceyper3df the thin
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y nuneri cal calcu ation o
less. This draw1ng shows that edging up occurs when the
solid fraction is lower than 0.6. It also shows that
edging up increases in proportion to the reduction in the
solid fraction, and in cases of more notable reduction,
edge loss occurs from the thin cast strip.

20 Fig; 9 shows the relationship between the solid
fraction at the plate thickness center of an electrical
magnetic steel thin cast strip 6 and the height of edging
up. This drawing shows that edging up occurs when the

_ solid fraction is lower than 0.7. It also shows that
C‘ 25 edging up increases in proportion to the reduction in the
solid fraction, and in cases of more notable reduction,
edge loss occurs from the thin cast strip.
As explained above, it has been found that in the
case of ferritic stainless steel and electrical magnetic

30 ' steel thin cast strips made by'twin drum-type continuous
casting apparatus, the fluid critical solid fraction at
which no edging up or edge loss of the thin cast strip
occurs is 0.6 for ferritic stainless steel and 0.7 for
electrical magnetic steel.

35 . As also explained above, for prevention of edging up
and edge loss of ferritic stainless steel and electrical

magnetic steel thin cast strips it is necessary for the



hi story of.-the thin cast strips. : -

14 - . Fig. 6 shows the relationship between the vol une
ratto of the solid phase (solid fraction) at the t hi ckness center C
of the thin cast strip 6 and the edgi rg 2% -hei ght, upon conpl etion

of growth of the

5 solidified shells 5 shown in Fig. 1, i.e. at the

cl osest position of the cooling druns, wherein the distance 1
fromthe edges toma?@l%@efﬁéﬁtéﬁncﬁft¢hﬁtPﬂ®F%a§hl%kF?§s centergsapuhhen

Fig. 7A and 7B is WihidsH0ps3 tIdW So£lréié Ndooling dﬁﬂﬂﬂﬁtbhﬁé §£64Dgr Uphan
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continuous casting apparatus, as in the case of the above
austenitic stainless steel, the_solid fraction of the
plate thickness center at the edges of the thin cast
strip at the closest position of the cooling drums
changes depending on the pléte thickness d (mm) and width
W (mm) of the thin cast strip, as shown in Fig. 12. That
is, the greater the plate thickness d (mm) of the thin
cast strip, and the greater the width W (mm), the lower
the solid fraction of the plate thickness center at the
thin cast strip edges at the closest position of the
cooling drums. The curve in Fig. 12 for a solid fraction
when it is equal to the fluid critical solid fraction of
0.3 may be expressed by the left side of the following
equation (2):
(0.0000124 x d x W) + (0.0152 x d x W) < Cw < 0.5 x d
(2)
where: d is the thickness of the thin cast strip, and
W is the width of the thin cast strip (mm)
Likewise, it has been found that when a 100 upm
degree of crown is added to the cooling drums for casting
of electrical magnetic steel with a twin drum-type
continuous casting apparatus, the curve for the solid
fraction of the plate thickness center at the edges of
the thin cast strip at the closest position of the
cooling drums when it is equal to the fluid critical
solid fraction of 0.7, as; shown in Fig. 13, may be
expressed by the left side of the foilowing equation (3):



sufficiently integrated by the pressure force of the cool i ng druns,
and.fed downward fromthe cooling druns so that irregul ar
solfdification at the edges, including 25 edgi ng up, does not occur.
Figs. 7A and 7B are .cross-sectional views al en@l ine Y-Y at the drum
cl osest position in Fig. 1 show ng di fferent degrees of crown of the
concave-shaped cool i ng ..drunms foy continuous casting of an austenitic
stai nl ess 30 stebl-0RPRA18Asx dtxiW.) H f(&-Hdbdegr € oM )crowy ¢f Qe x d
cooling drums is increased as in Fig. 7A the solidified shelI's 5, 83
at the edges of the cooling druns are pressed strongly agai nst each
other by the pressuf@e¥®icedoisthe thickeeswsiaf eheunshir fAFhESEREP, and

unsolidified nolten steel Myais3fhe widieh PdfteEnd hiimeasss€ent £ip afmh e

cooling drum edges to . be elimnated upward. As  a result, the spolid
fraction at 5 the plE% tHf RS sl i i e tvRsn Sthe prate
- 15 - I nctiebslasesdoed Gridth of a thin st Ermigeridmngg rydreg

fraction s under oL dearens I dih GRTEIE O P9 IE T kriekeie
center of 5 t hetumistledys igtarl thileiredgest aftilps codlemgindmmedging up
Insufficient and Weplksy,, A8 SNML Idhd gk R ¢iR$HIddd19 de'tip and the shape is
10 satisfactory. The curves in Fig. 16 are curves for solid
fractions which are equal to the fluid critical solid
- fraction of 0.6 at the plate thickness center at the
edges of the cast strips, wherein the casting was carried

out using the degree of drum crowns listed for each

N

4

15 curve, and each curve is represented by the left side of
the above equation (2). The ranges indicated by the
arrows are regions with satisfactory edge shapes of the
thin cast strips where the degree of drum crown is the
value listed for each curve, and the symbols correspond

20 to the evaluation of the cast strip edge shape in the
examples which follow (Table 2). That is, the open
symbols and solid symbols represent the thin cast strip
edge shape evaluations of 0 and x in Table 1.

According to Fig. 16, it is clear that for casting
{25 of larger thin cast strip widths and thicker thin cast
strip thiéknesses, the casting must be carried out with a
larger degree of crown. Thus, the lower value for the
degree of drum crown Cw (um) during casting is
represented by the left side of the above equation (2).

30 Fig. 17 shows the relationship between the plate
thickness and width of a thin cast strip, for varying
cooling degrees of drum crowns for casting of electrical
magnetic steel thin cast strips, wherein no edging up
occurs at the edges of the thin cast strip and the shape

35 is satisfactory. The curwves in Fig. 17 are curves for
which the solid fractions are equal to the fluid critical



i nadequat e -bondi ng of the solidified shells at the cl osest position
of the cooling druns. Furthernore, . since the solidified shells are
trahsported downward 10 al ong the curvature of the cooling druns, both
edges of the solidified shells which a2 j-ust passed through the

cl osest position of the cooling druns are subjected to a force in a
direction which acts to split the two solidified shells. This force
in a direction whi chohétsizactiopnofp0;{ ahethaorlatedihiekngns| Fenpesdates

a nonentary J6Re 36d§8e OfatRe tPaSKNEESisENt RhePébihheht 56ViHE RESES.
Since the gap section was. insuffici entlé/ @Ol idified nol tfn stgel I S

i medi ately fed frofRtheefedRF3Fing the degreqof drym F5oves {ishedi fgtin
enl argenent of the €dch cytedpe adiokriess, D6, edgsagibyd abbdbvepven, régatrdieto
solidificatiog at t | C r is,f e . 1n

t he above- rren{g [ onedf]‘g%%iﬁcgo%r{;és“g%%ésss%e%g' and éj%%}?géel,lr‘é%dl b h%gg%%%g%
filling nolten stedtyithe ekell side of |theliahpve eqwatiomg( df- t Hehe ranges

sol i di fied shel | byjjdiecd@al 1% the Uridies M heiBFhbo PAh £@USi ng edge

| oss. As expl ai ned "above,_ prevention of €dging up and edge
| oss of austenitic <SHITELIHA edletianF ¢Hidih SatiRt ry edgq gihrped bk
dependent on a cri tilgalthial usastorstidipsSdrdl evaluatfiicid ioh tHe tdwst Mt Gast

critieal solt Flad Riifhine b Sihas pEUSTO BRI BRIt | oned
defects in the thin castAcdarding itlo Fignedessarty jf_sorclfémg: stthato tlﬂﬁ i)]f]bv\;efr e
ool i g drums o by A e e Bt A Erop Bh Al Rl R g
0.3. ~n order to of elegthiignd maigneddedisttiesr], tihtin casdcedgdps tis i ncrease
the degree ofrogrWanbd By tAQ 18%tdYFAS RGP UMt ion (3).
15 The upper value for the degree of drum crown Cw will
" now be discussed. Since the thin cast strip is formed by
integrated of the solidified shells produced around the
perimeter of a pair of cooling drums in a twin drum-type
continuous casting apparatus, the maximum value for the
20 cooling degree of drum crown is 1/2 of.the plate
thickness at the widthwise center of the thin cast strip.
Thus, the upper value for the degree of drum crown Cw
during casting which is represented by the right side of
equation (2) and equation (3) is 0.5 x d (plate

( 25 thickness).

. Since the degree of crown Cw of the cooling drums
during casting corresponds to the degree of crown of the
thin cast strip, irregularities such as edging up and
edge loss may be prevented if the degree of crown of the

30 thin cast strip satisfies equation (2) in the case of
ferritic stainless steel and equation (3) in the case of
electrical magnetic steel. Consequently, ferritic
stainless steel and electrical magnetic steel thin cast
strips according to the invention have degrees of crown

35 Cw which satisfy equationg (2) and (3), respectively.

The present inventors have also’analyzed the details
of the temperature history of thin cast strips during



- 16 - - to narrow the gap between the cooling druns at the edges

of the-cooling drunms, and thus squeeze and elimnate the | ow solid
fraction sections fromthe cast strip to raise the solid fraction at
the edges of the cooling druns to 5 be greaBer than the fluid critical
soljd fraction. As mentioned above, retardation of the
solidified shell gromh at the edges of the cooling druns is nore
notabl e as the wi dttwigi dmu-ttiype sentinuydys iqaatdngef carbon wEReel i Hey

degree of crown of iRl RGIFMER 185! e 10 resdCrasat fudd) agast

strips with greater widths. _, Furt hernore, when the casting jis
carried out with aShown in figeerdly fhat Rdgdies dneqawrs e dde 5 a
| onger sol | difdcazidroat ivhe ipl atewhitkned’d de@it@d’ of the thin cast

solidificatiop tinmes result in | ower, salidifi.cation shell 15 sur e

t enper at ures and tﬁﬁ?l@r St é’ln%fé:l \iﬁgigf WA TR 507 mm r%é"c?ﬂ‘[ A& ie&gefsorocge%ﬁﬁ a

result, rising of tthensolaisti sitedp towarshehle bentees mdt diblee paI;Me)fedges

of the cooling dru%\rlﬁpletioﬁﬁ%% g'og.'idi?'icg%@%%q?ﬂ&n“ 't ﬁ%fs%r%%hpf%h%f i
t the'e ng druns 20 IS nore

solidified shell growh at %es of "t he coo )
not abl e wi th gr eat €@sthisgica®s$ootheheopiiipgcdsuns, i.egyr gy the edwse@sdate

for this, the degreesqtiehOW# €he coolihBedeanki AY druMIRUHhLsba1ER ¢ Jugioe
for thin cast strips with greater thicknesses. . .

10 that the edging up increases in proportion to reduction
in the solid fraction, and that edge losé occurs from the
thin cast strip in cases of moré notable reduction.

C*' In other words, it has been found that the fluid
critical solid fraction for carbon steel is 0.8.

15 Furthermore, it has been found that when the
relationship between the solid fraction and the thin cast
strip plate thickness and width in the case of carbon
steel is adjusted by the same method as for austenitic
stainless steel, the solid fraction of the plate

20  thickness center at the edges of the thin cast'strip
changes depending on the plate thickness d (mm) and width
W (mm) of the thin cast strip, as shown in Fig. 14. That
is, the greater the plate thickness d (mm) of the thin
cast strip when the thin cast strip width is constant, or

Ci' 25 the greater the width W (mm) when the thickness is
constant, the lower the solid fraction of the plate
thickness center at the thin cast strip edges at the
closest position of the cooling drums. It was found that
the curve in Fig. 14, for the solid fraction when it is

30 equal to the critical value of 0.8, may be expressed by
the left side of the following equation (4):

(0.0000138 x d x W) + (0.017 xd x W) £ Cw £ 0.5 x d
(4)
where: d is the thickness of the thin cast strip, and

‘35 W is the width of.the thin cast strip (mm)

Fig. 18 shows the relationship between the plate
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As a result-of much diligent research by the present 25 I nventors in
thls-regard It has been found that. when a 100 [err] m degree of crown
is added to the cooling druns - during castlng of austenitic stainless
steel with a twin drumtype continuous-cadt+ng apparatus, the solid
fraction of the plate thickness center at the edges of 30 the thin cast
strip at the closest position of the cooling drums changes depending
on the plate thickrdsickness and midtdnivadtthiy cagt Etniry them wEring

strip, as shown in [ t561 tgg§$
d (nm) of | hlegreetidk ‘Js%’}cuag},éat‘:f&“st 'E’Sfr Sty dil) ﬁftcgrv(

the | ower the soli F3FRRA ek tHE Gagte sttxiipdreddierein Ny fAging Fhe

thin cast strip edg:ﬂfcﬁs tdte tHeo%RRfes of thROLHiNOk a&ft téte:lcp)dnmg;}ck Wiape

Th 11
a goffévfrégt o% cﬁlﬁtégﬁﬁﬁ§QQEﬁrYValEgebFu6V§sn&? fdg- 18 aasqﬁaﬁyﬁﬁiﬁﬂf

the left side of tlXia |[fndatgoeguatfi On 8( Ak: the platel thiakhkssx cbnter at
Werr]) + (0.0144 )%h% éd\gehs[ %rfrlt (é\Nc[agrtr%tgﬁ.g t,hQ!IhereJ.n the Fc):asta.élg was

(1) 5 wher e: e thi ness o] n cast stri
Wis the width of eenieid) osdsusdng ghendpgree of drum FP’-‘QWHIQ@W&??S fare

rel ationship bet wvegdpheuh@l,@ and eacht ButkBenayapd WepBsehtad by tiRslieft
strip, for Varylng51de of the above equation (4). The ranges indicated by
the arrows are regions with satisfactory edge shapes of
( the thin cast strips where the degree of crown is the
T value listed for each curve, and the symbols correspond
to the evaluations of the cast strip edge shapes in the
15 examples which follow (Table 3). That is, the open
'symbols and solid symbols represent the thin cast strip
edge shape evaluations of 0 and x in Table 1.
According to Fig. 18, it is clear that for casting
of larger thin cast strip widths and thicker thin cast
20 strip thicknesses, the casting must be carried out with a
larger degree of crown. Thus, the lower value for the
degree of drum crown Cw (um) during casting is '
represented by the left side of the above equation (4).
Also, the upper value for the degree of drum crown
(f 25 Cw is 0.5 x d (plate thickness), as for the other kinds
. of steel. :

Since the degree of crown Cw of the cooling drums
during casting corresponds to the degree of crown of the
thin cast strip, irregularities such as edging up and

30 edge loss may be prevented if the degree of crown of the
thin cast strip satisfies equatibn (4).

The following is an explanation of a method for
achieving a uniform solid fraction in the direction of
the thin cast strip width such that the solid fraction at

35 the widthwise edges and the plate thickness center is
greater than the fluid critical solid fraction, by

reinforcing heat  removal near the edges of the cooling
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cool i ng degrees of drum crowns during casting of 10 austenitic stainless

steel .thin cast strips, wherein no: edgi ng up occurs at the edges of
the’thin cast strip and the shape is satisfactory. The curves in
Fig. 15 are curves for solid fracti on-wAbch are the fluid critical
solid fraction of 0.3 at the plate thickness center at 15 t he edges of
the cast strip, wherein the casting was carried out using the degrees
of drum crown |i st &Fum§, accorddagh teuenetherd embodisgnte 9f thep dey@Entd®oy
the left side of taie ARRUAvEPIaAMmed]l) colRRntareR IduY1GHE Hiins ,

the arrows are regigons wiith _satisfactory edge shapes qf 2 tQth I n cast
strips where the déﬁFﬁﬁlgf‘&F@ﬁrcFoﬁﬂdi§' 745 £h i@&ﬂ@@ ﬁﬁ?@%dq%bﬁggafﬁaon
curve, and the synitdles outer peaimespandace blfe thealslakiven 10f ofha cydtinstex p
edge shape [ | e i.,ch,foll ows (Tabl . t .S, pen. .
synbol s and s%lid fﬁﬁgg%drgépgggthFhPﬁr&5§%e§tP&p%égggggglp% S%Q%bq' With
eval uations of o amdcencaveablevws. added by abraAsdondpdgthe Pilgting, layeirs
clear that for Casﬁ!sngaﬁ_d the%fb%gﬁf;thhéﬂggésBfSEBEchbﬁifiﬂ ARt R ‘ﬁﬁ%
thin cast strip t I cknesses, the castrng nust be carrie€d out wth a

| arger degree of dhafh ér gwRater Yhisknepe péwehevmpagslyoheati-gpndnetdugr ce

of drum crown Ow dgnkR@ngashiBg 16 than th8PEEAEBLedelYibhe kBlE $kdacPhg
t he above e er value for the degbge gf drum
|

qﬁ?tion &1). ) Thg ugg .
crown Ow wi thi,GrBLingsPAYCEOL SERRcCPALLDE; AXElsE 8fr €dggFnegnd
by pressi ng bbwehengothdi sbkddsheatsiphodacedeathiidchbe 8brip. It

A
- power of the cooling drum 1 across its width and increase
the thermal conductivity of the plating layer at both

15 edges of the cooling drum.

The cooling power of the cooling drum 1 is gauged by
the thermal conductivity and thickness of the materials
composing the sleeve 10 and the plating layer 16.
Naturally, greater heat transfer resistance results in

20 materials of lower thermal conductivity and greater
thickness. However, it is very difficult to vary the
thermal condﬁctivity of the materials composing the
sleeve 10 and the plating layer 16 smoothly across the
width of the coéling drum 1. According to the present

( 25 invention, therefore, the construction is such that the

| thickness of the plating layer 16, which has a lower
thermal conductivity and higher heat transfer resistance
than the sleeve 10, is reduced from the center toward the
edges of the cooling drum 1.

30 Fig. 19 shows an embodiment of a cooling drum of the
invention. In Fig. 19, a concave drum crown is added to
the outer perimeter face of a copper alloy sleeve 10, and
a plated layer 16 is formed of nickel or cobalt, which
has a lower heat transfer rate than the sleeve 10. A

35 concave crown is also added on the surface of the plating
layer 16. ’

One point to be considered is that since the



degree of .crown of the cooling drumis 1/2 of the plate t hi ckness at
the wi dthw se center of the thin cast strip. - Thus, the upper val ue
for‘the degree of drumcrown Cw during casting which is represented
by the right side of 5 equation (1) is 6.86x-d (plate thickness).
Since the degree of concave crown Cw of the cooling drunms during
casting corresponds to the degree of convex crowm of the thin cast

strip, irregularitisaslidihication at thwiadpamp hdhaIFeIbing mgpmel is
prevented i f the degwgddd With re¥pet APWhOiwildihvditie dedest rd$

satisfies equation Cbnse uent | the thin cast str acc I ng
to the i nveﬁ‘ﬁ’lﬁf‘"ﬂfsdl ARG d &Sﬁ\}&{] dﬁa\/ﬁn%l’? ‘g"
equation (1). cooling Alpuet Nocthusit dd Wdcdateert h:eharrarzgf tdfe tdmltdagr e
15 -drum cr gwn wi th the range .of ut|o dyri

w |l now be expl ai né’ S &5 lng rt?rr%’ ar arl (tjn)atg: orrﬂaqd:eﬁa Ofﬁermat"{}9 at
expansi on during cdste mpntact lnterfaphebetweentm@ed§@ﬁ@¥aﬁlqlﬁﬂdﬂﬁhe

expansi on of the cgqgﬁlt g layer d6UMii. . detc%ﬂﬁﬁ%@v%ew NG A e

def ormati on 20 si’s "based on heat ensi t and the degree of
drumcrown is detertr‘iﬁené@%’@ﬁof’é cxerPngfnithg outer é’@ﬁéi’“@éﬁeé:t ifaFyidfert
the degree of ther%bl&h@aa&mnl, i. e , Sithee sug abeab ff e @aras-utmg layer

ding to ch teel t t i met
e 0t 1L 0058 S e delBebr BincBavous Pl ey o B T e

t he det er m netievghieknkeseoft bhedplaedngf layewn 16f bekemeastthinner at
both edges than at the center of the cboling drum 1, thus

(f allowing the cooling power to be increased at both edges

of the cooling drum, and coﬁsequently allowing the solid
15 fraction of the molten steel at both edges of the cooling

drum to be raised to a value sufficiently above the fluid
critical solid fraction.

If the degree of crown at the outer perimeter face
15 of the cooling drum is represented by A and the degree

20 of crown at the contact interface 17 between the sleeve
10 and the plating layer 16 is represented by B, then B/A
is preferably adjusted to a range of 1.1 to 4.0. This is
because although the thickness of the thin cast strip
formed by the continuous casting apparatus using the

(- 25 cooling drums is generally between a range of 1 mm and 10
mm, if B/A is less than 1.1 in this case the improvement
in the solid fraction is insufficient. Also, if it
exceeds 4.0 then thermal warping in the shear direction
accumulates at the contact interface between the sleeve

30 and the plating layer, leading to possible peeling at the
contact interface. '

When this type of plating layer is formed, even if
cooling drums 1, 1 provided with degrees of crown such as
shown in Fig. 7B are used, it is possible by rapid

35 - cooling at the edges, to set the solid fraction with a
distance ¢ of around 50 mm from the édges.of_the thin
cast strip toward center, to a solid fraction which is
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strip durikng casting is neasured wwth an X-ray plate t hi ckness neter,
and t he neasured degree of crown of the cast strip and the determ ned
degtee of crown of the drum 30 are conpared, upon which the degree of
.crown of the drum during casting is adfudled if necessary so as to
fall within the determned value. In this case, the casting

curvature angle [err] (see Fig. 1) and _the casting rate are m nutely
adj usted to controld efe fhad GﬁetﬁépﬁﬂlCSStlcaéxﬁgﬁépoﬁr@Fqﬂﬂﬁ(ﬁﬂﬁhrﬁf
druns, and thus comfown tik€Fig. 7adegree of crown of the drumto within the
range of equation_(1). . . - 19 -
The present inventors havdsafekesnitypRisiRieqspPaprgvent the,pcpyrrence ot

t enper at ure hi st or prefakbhity ehiflesthepandfioirmgcooling alse premenyse defects

continuous ¢ tings%%hfggrgpkﬁaégakgégﬁgagaﬁnd w§§ﬁﬁhe§n§nekﬂ%tEP§ﬂ cast

magnetic steel, by nunerica Ion, to Study the relationship
bet ween t he stetiprded solidification and edgi ng up/edge | oss of the
solidified shell. The rg%HhFﬁ were as follows. Fig. 8 shows the
rel ati onship between the so |g fraction at the plate thickness
center of a ferritic 1§¥§E2é§alnless_steel thin cast strip 6 and the
edgi ng up hei ght phat ek hectlr o €R® PrésenedihRvehbeosil @323t npasbei on
10 explained with reference to the following examples. The
molten steel used with the twin drum-type continuous
7 casting apparatus shown in Fig. 1 was austenitic
e stainless steel composed mainly of 18Cr-8Ni. The
diameter of the cooling drums used was 1200 mm. Table 1
15 shows the main casting conditions and the results. Fig.

15 shows the relationship between the plate thickness and
width of the thin cast strip, the degree of drum crown
and the cast strip edge shape. 'The casting was carried
out by maintaining the values for the degree of crown of
20 the cooling drums during casting to the values listed in
Table 1 by minute adjustment of the casting curvature

angle 6 shown in Fig. 1 to 40 t2°.



of the cooling druns shown in Fig.

fromthe edges toward the center of.the thin - 28 -
Figi 7Ais in the range of 50 mmor 15

1, wherein the

| ess.

di stance [err]
cast strip shown in
shows t hat

T_hl s draw ng

edgi ng up occyrs when thd rgqn [{s ffojer[thHan[O.p. ]It al so
shows t hat Su-gdglng up opgrtion tg the reduckidgn in the
solid fractior,g gn‘gmln case eorgdjgti,o # o [o |oepye Ios;
occurs fromthe ekt cast s Filg. | 9 [shows| t He (el onship
between the s¢pig ¥ 5 fr at ¢ t hi gkngss| cgnt ¢r an
el ectrical megretic % stproang—tfrefthrefot if edgi ng
up. This draw EnghOWS t hat s \Wheph tlhe ol fi d [fraction
is |lower than|@ It al $g £lgi ng up ig;nc,gea,sa i
proportion to Lh@ reduct i &n 19 d=fraqts pm | And | A [cages of
nore not abl e {Sdﬁctlon ur$ fromthe [thijln padt $trip.
As expl ai ned e cage—piedritic
stainl ess stefP and el ecfri stieel] thin cast| stjri ps nmade
by twin drum g’@contl loyso apparlat &, 3'hefludcr|tical'
solid fractiopged® - M:n o | edge |lbops |&f |bheot|ls I cast
strip otB s is 0.p f ifnl pss sttee] dnd|0.{7 flor
el ectrical mapnetic stee so| eXpl ai ned [abgve], flor
prevention of|gdgi ng up ¢dge of flergit)c|stainflegs $teel and
el ectri cal = 5 gagnet o Jiceeb tdile fasto gbr gsdiois::reacassad)of)r_the
P hrpe] oi o o o o o o o o .|l O [=] o o o o
P | o n o [Tg] o i o n o wn o (s} o vy o n
- &43;:,::4JV — — ~N ™~ — i o~ ™~ — — N ~N i Ll o~ ™~
{ OO0 O WM<
S =1 > 3
Qi o b o
[= B eI )
o =
o O
- .
oo 5 ~lo |o|o|jojo]lolo|o|lo]o|jo|o[o|olo |o
i o5 b i NN [N N o [0 o (0 |Jn Jn frn [N v jn |0 0
5 et * Ix |x A A=t [A ] [ e fo
o — g o ~ x | x
2 |3 &
4 |185%
& =
—
F I
Yt L)
o [ =
- O
g Y0 ETlelealaleo|lo|dalalo|o|aolo]|ojo|a |
— o w i (3] o ~r g} o o ~ n o« ~N ny (=) [+0] ™~ ['a} [+)]
o o = = A |A ]~ o ||
> -~ o
[
Hog
2L
o 3 g- =3
0O - »n ]
2 z
4 e ) g
\ @ A 0 = >
3] [=] E Nl nicd || | n|[Njer]s ]| ] 5
[N =
0.9 -
£48% 5
w4
S o
Log = @
2 - a.
@ — o~ o
v 85 Zlojo|lolo|lo|o|lojo|lo|lolo|o]lo|o|o | 0
ol Elo|o|o|o|o|o|lojo|m|lafa|a|nla|a|n o
d ~ - elwjnjin fvunin ivninnjnlim|laaja ]l | ia
3] 2 ~ — —f ~ — — o~ - Ut
el o
EER: ®
Lol M :'E_l'
= 30 (]
; 5
S 3 Al feluniols o oS3 IN IS99 S
12 -1 *




»

- 20 -

solid fraction of the plate thickness center at the

cl osest position of the cooling druns to be gregter than the fluid

critical solid fraction. In order to achieve
rel ationshi p petween the so

fractjion

this condition, the

nd the thin cast strip plate

t hickness and

=] (7]

[=]]
been found thﬂCJ JMEen
cool ing drums{3 @ ocast
drumtype 10 |w “cdnfin
austenitic stigdid 8s®

t hi ckness cen

position of t@f‘égtﬁi n
thickness d (/g 88l w dy

Fig. 12. Th

= :
cast strip, afd the gr
fraction of tﬁ%ﬁplatg
at the cl oseqiwfo

for a solid f

fraction of

equation (2):
[err] 0.5 X
(2) whd
Wis the w df
founq:Lhat wh

R; Cw
100
(1))

o3

=)
jam

@
»

gaiu@
nvept
jon—
a
23C

Upper
equat

350
350
*350
*350
500
500
500
500
650
650

(um)

of crown Cw| (right®si:

drum degree| for i

Table 1 (cont.)
Cooling

Lower value of
(pm)
220
293
365
439
220
293
366
439

20
61

equation (1))

(mm)

strip plate|Cw for invention

Thin cast

(mm)
1960
1960
1960
1960
1960
1960
1960
500
500

(cooling drum|thickness d|(left side
1960

strip width
width) W

Exp.|Thin cast

No.
17
18
19
20
21
22
23
24
25
26

Speclifically, it has
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degree of «crown is added to the cooling druns for casting 30 of

el egtri.cal magnetic steel with a twin drumtype conti nuous casting
apparatus, the curve for the solid fraeti3®n-of the plate thickness
center at the edges of : the thin cast strip at the closest position of
t he. cooling druns when it is equal to the fluid critical 35 solid
fraction of 0.7, asshownThe ¥Fsults ofresasleing and ekbe cshapepyof heheef t

side of the fo"°“‘f€b6¥%‘ Bld Obh{rB)cast strlps will now be discussed with

- 21 - 0.0000131 x d x Werr (0. 0161
0.5 x d ( reference to Table and Flg X Tﬁevgvifﬁéligﬁléfrr

where: d is the thigdg@sshafed her tdlien wamt cdsd mtmmb was comprehensiMé sand
the width of the thjn cast stigx)érng IH? Fig. 16 shows the

rel ati onshi p Bet veeMGHEGH fin M SRR AR width of a thin cast
strip, for varying Fiwsio| iayy sthegiredsy Exprnimenrtoivss § ok6 cared | 1y, ofven
ferritic stainl.e t t %mgr edgl

occurs at the end ﬁmt}h%{%l%%eas#%e%??fa?d%"ﬁ pe‘ﬁlc{sI e &adt
satisfactory. The stiripelaterithickaesso @urhAsge (ﬂa5§olﬁfc¥lp width r%Ré‘!EF‘b‘ﬁ%es
whi ch are equal toztézﬁlﬁdéa Cirprllztfé‘gaha&oIgdildlflcatflr&ptatortrcé dadeat(d

plate t hi ckness center at _the ges of the cast stri , mhereln t %
casting was &8@rriedP)- Als(S’Ut AFsiSTG I?é( FOPPAE 159 FRf N9sst &y &
each even with the same cast strip width and the same degree

of drum crown, a large cast strip plate thickness _
sometimes resulted in irregular solidification at the
edges. Furthermore, as shown by Experiment Nos. 3 and 7,
15 even with the same cooling drum width and the same cast

strip plate thickness, a smaller drum crown sometimes
resulted in irregqgular solidification at the edges. Also,
as shown by Experiment Nos. 11 and 12, the height of
edging up increased the greater the degree of crown of

20 the cooling drums and was above the lower value of the

M

necessary degree of crown according to the invention.
All of these examples were consistent with the
functioning principle of the present invention.
As shown in Table 1, even with different cast strip
25 widths and cast strip plate thicknesses, so long as .the
degree of drum crown was within the range of the present
invention no irregular solidification occurred at the
edges of the thin cast strip. Furthermore, when the:
degree of drum crown was set to match the greatest tﬁin
30 cast strip plate thickness (6 mm) among the embodiments
represented by Experiment Nos. 21-24 and 25-30, it was
even possible to stably cast thin cast strips with
thinner plate thicknesses. |
Example 2
35 _ The molten steels used in this example with the same
apparatus as in Example 1/were ferritic stainless steel

containing 17 wt% Cr and electric magnetic steel

2N



15 curve, and each curve is represented by the left side of t he
abovie .equation (2). The ranges indi.cated by the arrows are regions
with satisfactory edge shapes of the t-hi3l cast strips where the
degree of drumcrown is the value |isted for each curve, and the
synpol s correspond 20 to the evaluation of the cast strip edge shape in
t he exanpl es fANEALINGNGOW VTabSE. 2) Thehdiamgter hef ope®d coolingydbuns

and solid symbol s rgpeqseRb wsotﬁhn CRgb18t5 ] Pshows tﬁggﬁaﬁba@éstm
eval uations of 0 and x . ,in Table According to Fig ?

clear that for castfpgddsions ?n‘liaFE%rr?ﬁ‘FJflt%as%n§tF+%swH@h%n%nWtﬁ'l"%‘Kthe
t hin cast st rr@mhmkmslsesetﬂzé@n Cﬂlsélﬁlyawsthilﬂcﬁé’ééé§damltwmt}hs dof
| ar ger degree of cr@}F Thus e for the ree_ of dru

crown Ow ([erP]m d ?n%h%’és??shg ¥ rips, a’r“gptf'}eeseqﬁ%ﬁeﬁ/ ?%e 7GR %‘P
t he above equati on_’f(me C&t strip edgqg.sHapshowsTheecast atg oresdiqaibetedeut
the plate th'%{r}{?éfn@anﬂl Vﬁ%t&é’fv;ﬁlié! cgzla étééaq%eé Yt Vﬂé@&%f the

cool i ng degrees of um cr owns r casting of

steel thin cast str3alinghebeuns g rﬁj’lQJrFaStlng dex urhe a‘talmﬁéi ddlg‘e‘eed)fln
the thin cast stripraik tj‘%yshﬂ}ﬁl@ ad justridit JRHHY ¥asthiiy CdMAdre

Fig. 17 are curves for whi ch the solid fractlons are equal to the
fluid critich angle 6 shown in Fig. 1 to 40 #2° - 29 .



solid fraction of 0.7 at the plate thickness c

t he .cast strips,

_ wherein the casting was
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invention

of equations|
(2) and (3))
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Thin cast
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stainl ess .steel and el ectri cal magnetic steel thin cast

accarding to the invention have degrees of crowd 35
equations (2) and (3),

al so anal yzed
stri ps during

drumtype cont

cal cul ati on.

edgi ng up occ
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conpl eti on of
to the coolin
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respectively.

The present
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stri'p plate thickness and width in the case of carbon steel is
adj usted by the sane nethod as for .austenitic 34 - stainless steel, the

soltd fraction of the plate 20 t hi ckness center at the edges of the thin
cast strip = Chgmges dependiyigjony tiieptatertyrckmgssyd UW‘T)— d wi dth
‘W (mm of the t|i§ n ast strip,] ag ghown |i n| Fi[g. | 14. h%t I $, [the
0. : :
greater the pl at:;,*a,,,t‘l’nckngss o ()rr@ gf %tg t’pl% o 1o st ostg!% \hen the
thin cast strid3videI&is copstlant, [or| 21 fhel gneateq tlhe|wildth™ W (nm
when the thickndss § £ cqnstant,| the Joger| the fsollid ffadti n [of the
pl ate t hilBkRe2 L centet dt the t i+rqt siriip ledged at tlhe
cl osest p05|t|cr:1”a-§‘fm%he cool 4 ng #lugs:ollg Wasoflapung that 1o [o | o P jcurve in
Fig. 14, for the 8diod frac{fqr |#erR it [Fs|B0= | = equal |€d = he (e | €ilcal
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carbon steel thin cast strips, wherein no edging up occurs at the

edges of the thin cast strip and the shape 5 Is satisfactory. The
curves in Fig. 18 are curves for solid 3¥yactions of 0.8 at the plate
t hi ckness cenper at the edges of the cast strips wherein the
casifing was [|§ & carried out Jusli ng tfhejdggree [of Jdrjumcrown |isted for
each curve, ajg@l,.eg8ch curv y{bd repriesentled| by the {left 10 side of the
above equati ofE (@h.« The fangeseci|ed{edrefe hy [o |o [otlke| arrows are regions
wi th satisfact®ryndiige shapes of hg thirn chst| sfrips where the
degree of croph'si 8% he ' allue| li|st pd [f.of dacph qurye, and the synbols
correspond L & Lo the evgluptilons qf [hg CRST SErifp pdge shapes in the
15 exanpl eqauy_,vh_go@ foll o |ETaBI|&€ B3.|2 4L |3.| 2t 2 |@pENn synbol s and
solid synbol sjag epeesent the |th|njcapt [stfi( edge shape eval uations of
o and x in Tade 1. _ Adcofdifnglt¢ H gl 1B, |it{is clear that for
casting oo b Iargeré%1ir cpst strig W gt his #nd t i cker thin cast 20
strip thi ckne%jés, t he &7 i{ffg| TSt |De clt 1 Pel® obt|Ni|Ph a | ar ger
degr ee of Cr wne Thus, thg lfower |val ug¢ fpr |t he degree of drum crown
Cw ([err]m Ty castT TS rgpresentediby thE_| eft side of the _
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35 the wi dt hwi se edges and the plate thickness center is greater

than the fluid critical solid fract.i on, by rei nforcing heat renoval
near the edges of the cooling , - 36 - : - 25
- drunms, according to another enbodi ment of the invention.

As al ready expl ai ned, conventional cooling druns, shown in Figs. 2

and 3, have a plating | ajee zeswubiseel opasting andethatehapesi abt EReface of
the sleeve 10 of a pysiN€Ehg tRin cXEOVELLboAIPUNH AR PErdiBtessed when

cooling drum1, with a concave crown added by abrasjon of the )
pl ating | ayer refigrency et & A% BHgRs b%l e ijéol iﬁﬁed?‘ﬂ?r}‘iatmn
have had a gieaties édgeksiessedlof hehogtiiy dest -sonipstias

plating layer .16 than the center sectio hus_reduci ng 10 e i ng
Pover of the ool | (PRTRRGIEHTS (AN L udg) edSEHE 1D A 2agq 168}
fraction of the thin casfimsdt; ;s Igshown by Ewsehibentdbessale-1li hk?elpork§-2
to adjust the cooli _ r t o ' ' L d§ hey
and increase el% hze’r negfél}g%lﬁ'{ﬂ:t% t%;ﬂ(l)% %ép%nac# ﬁcgflﬁg?eir‘évg?y\%oth N
15  edges of the ARs iqaptrafmip plate thickmrssod iMrIPWASHiSEREP width
cooling drum1 is GaRRdiRe resulddi® iMGFRIGEINEWSI M {8iddiddi #kngss of
the material s conposi ng the sleeve 10 and the plating | ayer

16. .
Natural Iy, gtBater SH98S t(edEMg YRsi stARQ A ] By comparing Experiment

Nos. 1-1 and 2-1 with 1-2 and 2-2, even with the same
cast strip width and the same degree of drum crown, a
large cast strip plate thickness sometimes resulted in
irregular solidification at.the edges. Furthermore, as

15 shown by Experiment Nos. 3-1, 7-1, 3-2 and 7-2, even with
the same cooling drum width and the same cast strip plate
thickness, a smaller drum crown sometimes resulted in
irregular solidification at the edges. Also, as shown by
Experiment Nos. 11-1, 12-1, 11-2 and 12-2, the height of

20 edging up increased the gréater the degree of crown of
the cooling drums was above the lower value of the

.
. \

necessary degree of crown according to the invention.
As shown in Table 2, even with different cast strip
widths and cast strip plate thicknesses, so long as the

25 degree of drum crown was within the range of the present

TN

invention no irregular solidification occurred at the
edges of the thin cast strip. Furthermore, when the
degree of drum crown was set to match the greatest thin
cast strip plate thickness (6 mm) among the embodiments
30 represented by Experiment Nos. 25-1, 25-2, 26-1, 26-2,
27-1, 27-2, 28-1, 28-2, 29-1, 29-2, 30-1 and 30-2, it was
even possible to stably found thin cast strips with
thinner plate thicknesses.
Example 3
35 The molten steel used in tﬁis example with the same
apparatus as in Example 1l‘was normal:steel containing
0.05 wt% carbon. The diameter of the cooling drums used



20 materials of |ower thermal conductivity and greater t hi ckness.
However, it is very difficult to vary the thermal conductivity of the
material s conposi ng the sl eeve- 10 and th&Pl-ating | ayer 16 snoothly
across the wi dth of the cooling drum 1. According to the present 25
i nvention, therefore, the construction is such that the t hi ckness of
the plating |ayer 1%2swh?@® mas. aTabl@r3 showstthe nmdinorastingi cgndhtions

hi gher heat transfeande@métfé@@lts, and "Bl ! Neg SLR&YE éﬁe J:élé@ij&?@ﬁ'ﬂf)rom
the center toward the of the cooling drum1 19

shows an enbodi rrentb%?w%e’&owﬁ? r@l%ﬁ"hn‘i rckngss and wifEht9Hrthe ntikiy. Cal@t a
concave drum crown stsrasdeshd Othe degid® Otdfur&ftdvai &indaﬂ@ecﬁaéit@@@ﬁﬁi

al l oy sl eeve 10, arg%zl aﬁae ed Ia Al 16 is forned. of & ckel coba t
whi ch has a |0 ’transef LN R CHF SRR Y ’fs%t
concave crown is althe ach:ﬂemsnrfqmetltmrdeag:ee)foﬁ rerqpiratafhgthe coo]l:a;gerdﬁﬁus
One point to be congj d‘qﬁ FEdsk i e Jd¥ies listed in Ta by, minute

- 26 - sol | catlon e edges of the coolin rum 1

retarded with resp@diusFment \Hfdttmﬂ sastdmEcuryature angientd (ﬁi‘é}!vr‘ab‘dvé‘,lg-
t he cooling power qf dhagedges of the cooling drum 1 nust be greater
than at the center. For



5 this reason, it is essential that the degree of crown at t he

cont.act |nterface bet ween the sl eeve 10 and the pl ati ng | ayer 16,
i.e., the sleeve 10, be greater than th 8degree of crown of the
outer perineter face of the cooling drum1, i.e., the surface of the
plating |layer 10 16. _\Wen the degree of crown is adjusted in this
manner, § thel.thidknesq of tlhe| plfatj ng Ifay¢r [16]becomes thinner at
bot h edges thmﬁg atd t he [cept r pf |th oof img drymi(l, [t hus al | owi ng
t he cooling povgeg"to bg°i h¢r&aseqoate ot P ¢elges|* | of the cooling drum
and consequerﬂ 3%Iowi ng| t He polfid 1% fractifon ol the nolten steel at
bot h edges agf=_phe ool ilng [ o lbelrdised ftoja value sufficiently
above the fl{u f ¢ o croitg(gl ,,s()loido1£act or.. @ | f the degree of
crown at thd DHtRiE peri|meted =fldee | e |2 8fl & h& |@pling drumis
represent ed [By2A and the ngﬂrnn () ofl cro the contact interface 17
bet ween t he |&f eeve 10f{and {hd plat|i ng ljayger {16]is represented by B,
then B/ A &S pr% =ra&@‘8a@ istled]tq ajrdnggagB fL.1 to 4.0. This is
because althg'ygh t he & hodlenés g Ofo tlke|d hon{£adst | St ki p fornmed by the
continuous ¢&sEi ng app@r gt ugs ysi hg [t hge 35 copl ifngf drunms i s generally
bet ween a rdgge of I mn gnd| T Tm| 1 f B A 13 1less than 1.1 in this
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cast strip-toward center, to a solid fraction which is

- 27 - greater thantheflwd critical solid fraction such as
shown in Fig. 7A This nmakes it possgble to prevent the
occurrence of breakout, while the unlformcool ing al so prevents
‘defects 5 guch aS_surfgcercracki vx,rumm esTiTy the thin cast
strip. 3 EE‘AI\/PL:S 1 The effect of
the present imgeatieon will o He D |o glq,i ed mMiH reference to the
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angle [err] shown in Fig. 1 to 40 2[err].
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The results of casting and the shapes of the
resulting thin cast strips will now be discussed with
reference to Table 3 and Fig. 18. The evaluation of the
edge shapes of the thin cast strips was comprehensive and
included edging up and edge loss.

First, as shown by Experiment Nos. 16 and 19, even
with the same degree of drum crown and the same cast
strip plate thickness, a large cast strip width sometimes
resulted in irregular solidification at the edges (edging
up). Also, as seen by comparing Experiment Nos. 1 and 2,
even with the same cast strip width and the same degree
of drum crown, a large cast strip plate thickness
sometimes resulted in irregqgular solidification at the
edges. Furthermore, as shown by Experiment Nos. 3 and 7,
even with the same cooling drum width and the same cast
strip plate thickness, a smaller drum crown sometimes
resulted in irregular solidification at the edges. Also,
as shown by Experiment Nos. 11 and 12, the height of
edging up increased the greater the degree of crown of
the cooling drums was above the lower value of the
necessary degree of crown according to the invention.

As shown in Table 3, even with different cast strip
widths and cast strip plate thibknesses, so long as the
degree of drum crown was within the rangé of the present
invention no irregular solidification occurred at the
edges of the thin cast strip. Furthermore, when the
degree of drum crown was set to match the greatest thin
cast strip plate thickness (5.7 mm)-among the four
embodiments represented by Experiment Nos. 21, 22, 23 and
24, it was even possible to stably cast thin cast strip
with thinner plate thicknesses.

Example 4
A thin cast strip was formed with the same twin

drum-type continuous casting apparatus as in Example 1.
The thin cast strip was made of type 304 austenitic
stainless steel, and the thin cast strip was formed to a
thickness of 3 mm at a casting rate of 65 m/min. The



o

10
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diameter of the cooling drums used was 1200 mm, and the
width was 1000 mm. The sleeves of the cooling drums

were made of copper, and the surface thereof was plated
with nickel of 99% purity with the remainder consisting
of inevitable impurities. The thickness of the sleeve
and plating layer and the degrees of crown at the cooling
drum perimeter face and the interface between the sleeve
and the plating layer were adjusted to the values listed
in Table 4. The crowns were worked with an NC lathe, and
the degrees of crown were measured by scanning in the
widthwise direction of the cooling drum using a non-

contact distance gauge.
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The results of casting and the properties of the
resulting thin cast strips will now be discussed with
reference to Fig. 4. First, when casting was carried out
with a cooling drum such as shown in Fig. 3 under the
conditions of Experiment Nos. 1 and 2, surface cracking
occurred at the edges of the thin cast strip, and
continued casting resulted in breakout at both edges of
the thin cast strip, thus impeding further casting.

Here, the solid fractions at the plate thickness centers
of the thin cast strips, when the distahce 1 from the
edges of the thin cast strip toward the center was within
50 mm, were 0.18 and 0.12 in Experimeht Nos. 1 and 2,
respectively, both of which were smaller than the fluid
critical solid fraction of 0.3 for austenitic stainless
steel.

~ When casting was carried out with a cooling drum
such as that shown in Fig. 19 under the conditions of
Experiment Nos. 3 and 4, casting could be performed
stably and absolutely no cracking or wrinkling occurred
in the thin cast stfips. Here, the solid fractions at
the plate thickness centers of the thin cast strips, when
the distance 1 was within 50 mm, were 0.31 and 0.32 in
Experiment Nos. 3 and 4, respectively, both of which were
larger than the above fluid critical solid fractions.

When casting was next carried out with a cooling
drum such as shown in Fig. 19 under the conditions of
Experiment No. 5, cracking occurred at the edges of the
completed thin cast strip. When the cooling drum was
sectioned after casting to examine the plating layer,
gaps were found due to peeling of the contact interface
between the sleeve and the plating layer. Since this
resulted in poor heat removal by the cooling drum at both
edges, the solid fraction at the plate thickness center
of the thin cast strip, when the distance 1 was within 50
mm, was only 0.25, which was smaller than the above fluid
critical solid fraction. i |

INDUSTRIAL APPLICABILITY
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According to the twin drum-type continuous casting
process of the presént invention, it is possible to
provide satisfactory edge shapes for thin cast strips
from various molten steels by a method.of adjusting the
degree of concave crown of the cooling drums or a method
of increasing a cooling effect of the edges of the
cooling drums. This prevents casting troubles including
edging up and edge loss, while also allowing stable
casting as a result of smooth transport and take-up of
the thin cast strips, while making edge trimming
unnecessary, and thus also simplifying the steps and
providing'improved yields. The.process therefore has

high industrial applicability.
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of casting lﬂ
of casting and the shapes of the . resulting thin cast- I”I gl
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be Wi scussed with. reference to Table % a%d -Fig. 15. Tht é&valtuafi oh *
of the edge shapes of the thin cast strips was conprehensive and 5
included edging up and edge | oss. First, as shown by Experi nent
Nos. 16 and 19, even with the sane de§@L&dMSf drum crown and the sane
cast .- strip plate fhi Ckﬁeéﬁmacéﬁg@tffﬁt féaweawﬂgfhsépﬂ@if fig
resulted in irregular solidification at the dges ( Al's

as seen by conpari MieEGR§Heet mtlfl“%ﬁilﬂ fed etw%%’enavﬁ’?hrt‘hg %%‘Pr%l
cast strip w dth angdme ;S_Edwediqga[ﬁllel to SHcKISERSE QM ﬁldl@-ﬁﬂﬁn@fiﬂﬁ a

strip plate t |ckness ' onet i Nes. resulted |n |rre ul sol.idificatijon
2t the edgest i TR HORE CUTHBR by RS ting “Gas
even with the sane fmlowihglraonstimtdt jan the sarre cast strip pI ate

t hi ckness, a snmaller drum crown SCHBE{[d B n casht srﬁf)i# E%(pefr&lﬁéc{ec%lﬁil

solidification at the edges. Al so, R

and 12, the height ssflidified eﬁgalrig anst qmﬁoéasecflt% npldarerstgwl dlyree of
crown of 20 the gald itth PHETR Ad MRDABNE drltfnd MRS MRl diss 0fed hach

10 other,
the solid fraction at the.thickness center
of the thin cast strip, wherein.at the position, the
distance from the edges toward the center of said thin
cast strip is within 50 mm, .is greater than the fluid

15 critical solid fraction.
2. A thin cast strip according to claim 1, wherein

said molten steel is austenitic stainless steel, and said
fluid critical solid fraction is 0.3.
3. A thin cast strip according to claim 1, wherein

20 said molten steel is ferritic stainless steel and said
fluid critical solid fraction is 0.6.

4. A thin cast strip according to claim 1, wherein
said molten steel is electrical magnetic steel and said.
fluid critical solid fraction is 0.7.

25 5. A thin cast strip according to claim 1, wherein
said molten steel is carbon steel and said fluid critical
solid fraction is 0.8. ' _

6. A thin cast strip according to claim 1, wherein
said molten steel is austenitic stainless steel, and said

30 thin cast strip has a convex degree of crown Cw (um)
within the range defined by the following equation (1).
(0.0000117 x d x W) + (0.0144 x d x W) < Cw < 0.5 x d

(1)
where: d is the thickness of the thin cast strip, and

35 W is the width of the thin cast strip (mm)

7. A thin cast strip according.to claim 1, wherein



necessary degree of crown according to the invention. IIHII||"|||
exanpl.-es were consistent with the . functioning principle OH' I I1 II

present invention. As shown in Tabl d6l- even with differéentt cast $
strip 25 wi dt hs and cast strip plate thicknesses, so long as the
degree of drumcrown was within the range of the present I nvention no

irregul ar solidific@idrmoteen retrelk ¥$mierrltlQHﬁﬁ§#@¢e$ﬁestﬂ$h,c@B@ said

strip. Furthernore, tmhercddie strip KO£ val Laacfféwavaér @ [@heh
the greatest thin 30, cast strip plate thickness (6 mr_ anong the

embodi nent s e ARy IRPas s S ihad Besthe foldoring maation W) -
even possible to st@EbhlooarEsi4 thidh x:aw}g st fopgs1sRt i d x W)t ki eaex pl. at& d
t hi cknesses. - Exanple 2 35 The nolten steels used in this
exanpl e vmtht:’he sane apparatus as in Exanple 1 were ferritic 2)

stai nl ess steel whemont al nisnghk7 tNi%kOesand feltert r’d}ﬁm&gamd istrsifeeland

- 31 - cont ai ni ng @6 f the ru

used was 1200 nm Table 2 s eéw%g% cast%ﬁ t con&ﬁﬁ ngngﬁﬁ t he
results, and Figs. 16 ard 17Asrtd5wnt gast strlpelaa:t:m'dshmgptlmetqm tlhe whleatedin
t hi cknesses and “”@bﬁ% flolten stkbe EQ'@l%@%&l%%ﬁ'&%gn@QQCtQ%egﬂgr%ﬁﬁ.ggld

drum crown and t he cast strlg e shapes was ‘carri
out 10 thin cast strip has a convex degree of crown Cw (pm)

within the range defined by the following equation (3).
(0.0000131 x d x W) + (0.0161 xd x W) < Cw < 0.5 x d
(3)
where: d is the thickness of the thin cast strip, and
15 W is the width of the thin cast strip (mm)
9. A thin cast strip according to claim 1, wherein
said molten steel is carbon steel, and said thin cast
strip has a convex degree of crown Cw (um) within the

Lok
. .

range defined by the following equation (4).
20 (0.0000138 x d x W) + (0.017 xd x W) < Cw < 0.5 x d
(4)
where: d is the thickness of the thin cast strip, and
W is the width of the thin cast strip (mm)
10. A process for producing a thin cast strip by
- 25 continuously feeding molten steel between a pair of
cooling drums placed parallel to each other and side
weirs in a twin drum-type continuous casting apparatus,
which comprises the following steps: '
selecting the thickness d and the width W
30 of the thin cast strip to be formed:
using said thickness d and width W as the
basis to determine the degree of concave crown Cw which
gives a solid fraction at the thickness center of the
thin cast strip, wherein the distance from the edges
35 toward the center in the direction of said thin cast

strip at a position where 'said cooling drums are closest



& ume duri ng the casting to the vaiugs 1isted in . Tani e 2| [FRIRENINEN N

adj ust ment of the casting curvature 10 angl eaqferr] shown in Pig® 1'to"4C
2[err]. - 32 - [err]
- 33 - [err] _ - 34 -
to each other is within 50 mm, which is greater than the
fluid critical solid fraction, and providing a pair of

cooling drums on which said concave degree of crown Cw

has been provided;
5 feeding the molten steel to a reservoir

composed of said pair of cooling drums and the side
weirs; and

rotating said cooling drums while
maintaining said degree of concave crown Cw for

10 continuous production of the thin cast strip.

11. The process of claim 10, wherein said molten
steel is austenitic stainless steel, and the degree of
Y concave crown Cw (um) defined by equation (1) is provided
on said cooling drums for casting.

15 12. The process of claim 10, wherein said molten
steel is ferritic stainless steel, and the degree of
concave crown Cw (pm) defined by equation (2) is provided
on said cooling drums for casting.

13. The process of claim 10, wherein said molten

20 steel is electrical magnetic steel, and the degree of
concave crown Cw (um) defined by equation (3) is provided

on said cooling drums for casting.
14. The process of claim 10, wherein said molten

steel is carbon steel, and the degree of concave crown Cw

25 (um) defined by equation (4) is provided on said cooling

,.
o,
\

< drums for casting.
15. A process for producing a thin cast strip by

continuously feeding molten steel between a pair of
cooling drums placed parallel to each other and side
30 weirs in a twin drum-type continuous casting apparatus,

which comprises the following steps:
forming concave crowns around the

perimeter faces of sleeves formed around the outer
perimeter faces of the cooling drums, and forming concave
35 crowns on the surfaces of plating layers formed around
the outer perimeters of said sleeves, having degrees of
crown which are smaller than the degrees of crown of the
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resulting thin cast strips will now be discussd@ w th

reference to Table 2 and Figs. 16 and 17. The eval uation of
.the edge shapes of the thin cast strips was 5 conpr ehensi ve and
i ncl uded edgi ng up skREWRYe Yosiprm cooling drums whigth stan aappHown ¢80ling

Experiment Nos. 16- J:Jatelg:é- tﬁ]e6 Tolten steel whﬁﬁfjs(% Fefs éavsecﬂi’ﬂ th-dder SRng:

degree of drum crown and sanme cast strip plate thickness,
a large cast stri p%%t‘ﬂ‘l‘:kness centexs Gfpttihae&hids gasdd 5‘1"11F31?rrr sthazgin the

solidification at tdi&tance from the edges toward the center in the width
5 direction of said thin cast strip at a position where
said cooling drums are closest to each other is within 50
mm, which is greater than the fluid critical solid
fraction, and providing a pair of said cooling drums;
feeding the molten steel to a reservoir
10 composed of said pair of cooling drums and the side
weirs; and .
rotating said cooling drums for continuous
(o production of the thin cast strip.
) 16. The process of claim 15, such that when the
15 degree of concave crown at the outer perimeter faces of
| the plating layers of said cooling drums is represented
by A and the degree of concave crown at the contact
interfaces between said sleeves and plating layers is
represented by B, the ratio B/A of said degrees of
20 concave crown A and B is adjusted to a range of 1.1 to
4.0.

17. A pair of cooling drums placed parallel to each
other in a twin drum-type continuous casting apparatus,
having the following construction:

25 concave crowns are formed around the outer
N perimeter faces of sleeves formed around the outer
perimeter faces of said cooling drums, plating layers are
formed around the outer perimeter faces of said sleeves,
and concave crowns are formed on the surfaces of said
30 plating layers having degrees of crown which are smaller
than the degrees of crown of said sleeves.

18." Cooling drums according to claim 17, such that
when the degree of concave crown on the outer perimeter
faces of the plating layers of said cooling drums is

35 represented by A and the degree of concave crown at the
contact interfaces betweer said sleeves and plating
layers is represented by B, the ratio B/A of said degrees



10 ° edges- (edging up). Also, as seen by conparing Experi rrenH““IIIHHLI“““IIII“IIl
Nos, 1-1"and 2-1 with 1-2 and 2-2, even with the sane

strip width and the same degree of drum crows, 49 l-arge cast strip pldte™®

t hi ckness sonetinmes resulted in irregular solidification at

t hes: edges. Furthernore, as 15 shown by Experinent Nos. 3-1, 7-1,
3-2 and 7-2, even wpEhconcave crown Ahen@aﬁﬁlsoaﬂungtddunompdrhngadothé 1 to
sanme cast strip plageg. t hi ckness, a snaller drum crown
sonmetines resulted in irregular solidification at the edges.

Al so, as shown by Experiment Nos. 11-1, 12-1, 11-2 and 12-2,

t he hei ght of 20 edgi ng up increased the greater the degree of
crown of the cooling druns was above the | ower value of the
necessary degree of crown.according to the invention. As
shown in Table 2, even with different cast strip wi dt hs and
cast strip plate thicknesses, so long as the 25 degree of drum
crown was wWithin the range of the present i nvention no
irregular solidification occurred at the edges of the thin

cast strip. Furthernore, when the degree of drum crown was set
to match the greatest thin cast strip plate thickness (6 mm
anong the enbodi nents 30 represented by Experinment Nos. 25-1,

25-2, 26-1, 26-2, 27-1, 27-2, 28-1, 28-2, 29-1, 29-2, 30-1 and
30-2, it was even pOSSIb|e to stably found th|n cast strlps
wth t hi nner plate thicknesses. Exanple 3

35 . The nolten steel used in this exanple with the sane

apparatus as in Exanple 1 was normal steel containing 0.05 wt %
carbon. The dianeter of the cooling druns used



- 37 - <+ was 1200 nm Table 3 shows the main casting conditions

and, the results, and Fig. 18 shows .the rel ationship between the plate
t hi tkness and width of the thin cast st B0 and the degree of drum
crown and the cast strip 5 edge shape. The casting was carried out by
mai nt ai ni ng the values for the degree of crown of the cooling druns

during casting to the values listed in Tabl ABSTRACE nut e adj ust ment of
the casting curvature angle [err] shown in Fig. 1 to 40 2[err].

- 38 Lerr] A twin drum-type.continuous casting process for
casting thin cast strip by solidifying molten steel
5 continuously fed between a pair of cooling drums placed
parallel to each other, wherein the cooling drums are
given an added degree of concave crown such that a solid
fraction at the thickness center of the thin cast strip,
when the distance from the edges toward the center of the
10 thin cast strip at the closest position of said cooling
drums is within 50 mm, is exhibited which is a value
, greater than the fluid critical.solid fraction, or
(? alternatively the cooling rate near the edges of the

cooling drums is improved.



el

- 39 - [err] ' - 40 -

The_-results of casting and the shapes of the resulting thin cast
strips will now be discussed with reference to Table 3 and Fig. 18.
The eval uation of the edge shapes of the thin cast strips was

conpr ehensi ve and 5 I ncl'uded edgi ng up and edge | oss.

First, as shown by Experinent Nos. 16 and 19, even ~ Wth the sane
degree of drum crown and the same cast strip plate thickness, a

| arge cast strip w dth spnetinmes resulted in irregul ar
solidificatiodtgt]tgg edpes (edging 10 up). Also, as seen by conparing
Experi ment Nos. 1 an& 2, ' L - :

Fig.2

N N~10




even with the sane cast strip width and the sanme degree- of drum
crownt, -a large cast strip plate thickness sonetines resulted in
irregular solidification at the edges. Furthernore, as shown by
Experinment Nos. 3 and 7, 15 even with the sanme cooling drumw dth and

t he 'sane cast strip plate thickness, a snmaller drumcrown sonetines
resulted in irregular solidification at the edges. Al so, as shown by
Experiment Nos. 11 and 12, the hei ght of edgi ng up increased the
greater the degree of crown of 20 the cooling druns was above the | ower
val ue of the necessary degree of crown according to the invention.

As shown in Table 3, even with different cast strip w dt hs and cast
strip plate thicknesses, so long as the degree of drum crown was
within the range of the present 25 invention no irregular solidification
occurred at the edges of the thin cast strip. Furthernore, when the
degree of drumcrown was set to match the greatest thin cast strip

pl ate t.hi ckness (5.7 mr) anong the four enbodi ments represented by
Experiment Nos. 21, 22, 23 and 30 24, it was even possible to stably
cast thin cast strip wi th thinner plate t hi cknesses.

Exanmple 4 “A thin cast strlg:waf mnth the sanme twn
drumtype continuous casting apparatu ‘;ﬁx le 1. 35 The thin cast
strip was nade of type 304 austenitic ainl ess steel, and the thin

cast strip was forned to a t hi ckness of 3 nmat a castlng rate of 65
mmn. The

L -
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- 41 - di aneter of the cooling druns used was 1200 mm and the
wi dth was 1000 nm The sl eeves of the cooling druns wer e nmade of
copper, and the surface thereof was plated wi th nickel of 99%purity
wi th the remai nder consisting 5 of inevitable inpurities. The
t hi ekness of the sleeve and plating |layer and the degrees of crown at
the cooling drum perinmeter face and the interface between the sl eeve
and the plating | ayer were adjusted to the values listed in Table 4.
The crowns were worked with an NC | at he, *and 10 t he degrees of crown
wer e neasured by scanning in the wi dt hwi se direction of the cooling
drum usi ng a non- contact distance gauge.
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®----- LOSS OF PORTIONS OF THE THIN CAST.
STRIP EDGES DURING CASTING

O-----NO EDGE LOSS

2
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SOLID FRACTION OF PLATE THICKNESS CENTER
AT CAST STRIP EDGES
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- 43 - The results of casting and the properties of the

reswlting thin cast strips will now be discussed with reference to
Fig:r 4. First, when casting was carried out with a cooling drum such
as shown in Fig. 3 under the 5 conditions of Experinent Nos. 1 and 2,
surface cracking occurred at the edges of the thin cast strip, and
continued casting resulted in breakout at both edges of the thin
cast strip, thus inpeding further casting. Here, the solid fractions
at the plate thickness centers 10 of ‘the thin cast strips, when the
distance 1 fromthe edges of the thin cast strip toward the center
was within 50 mm were 0.18 and 0.12 in Experinent Nos. 1 and 2,
respectively, both of which were smaller than the fluid critical
solid fraction of 0.3 for austenitic stainless 15 steel . When
casting was carried out wwth a cooling drum such as that shown in
Fig. 19 under the conditions of Experinent Nos. 3 and 4, casting
coul d be perfornmed stably and gg§olg |y cracking or wrinkling
occurred 20 in the thin cast stripds. ,o b solid fractions at

the plate thickness centers of the thin cast strips, when t he
distance 1 was within 50 mm were 0.31 and 0.32 in Experinent Nos. 3
and 4, respectively, both of which were | arger than the above fluid
critical solid fractions. 25 .| OFCRORTPANYRSE et N i out with
a cooling drum such as shown @WR PIED gsug R!N@h@A§P tions of
Experiment No. 5, cracking occurred at the edges o he

O---- NO EDGE LOSS

1 5 7
0.9} %
0.8} /
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w 0.5 .o° EDGING UP
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- /
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SOLID FRACTION OF PLATE THICKNESS CENTER
AT CAST STRIP EDGES
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conpleted thin cast strip. Wen the cooling drum was sectioned after
castisng to exam ne the plating | ayer, 30 gaps were found due to peeling
of t’he contact interface bet ween the sl eeve and the plating |ayer.
Since this resulted in poor heat renoval by the cooling drum at both
edges, the solid fraction at the plate thickness center of the thin
cast strip, when the distance 1 was within 50 35 mm was only 0. 25,

whi ¢h was snaller than the above fluid critical solid fraction.

| NDUSTRI AL" APPLI CABI LI TY - 44 -
According to the twin drumtype continuous casting process of the
present invention, it is possible to provi de satisfactory edge shapes
for thin cast strips fromvarious nolten steels by a nethod of
adjusting the 5 degree of concave crown of the cooling druns or a

met hod of increasing a cooling effect of the edges of the

cooling drunms. This prevents casting troubles including edgi ng up and
edge loss, while also allow ng stable casting as a result of snooth
transport and take-up of 10 t he thi ast stripg§, while making edge
trinmmng unnecessary, and thus aPEg bigd i fYng the steps and
providing i nproved yields. The process therefsre has hi gh i ndustri al
applicability. '

®---- LOSS OF PORTIONS OF THE THIN CAST
STRIP EDGES OURING CASTING

O---- NO EDGE LOSS
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- 45 - CLAI M5 1. Athin
cast-strip produced by solidifying nol ten steel continuously fed

bet ween a pair of cooling druns placed parallel to each other and
side dams ina 5 twin drumtype continuous casting apparatus, having

t he- foll owi ng construction: said thin cast
stripis fornmed of the solidified shell and unsolidified nolten
steel at a position where said cooling druns are closest to each 10
ot her, the solid fraction at the thickness center

of the thin cast strip, whereinat the position, the di stance from
the edges toward the center of said thin cast strip is within 50 mm
is greater than the fluid 15 critical solid fraction. 2. A
thin cast strip according to claim1, wherein said nolten steel is
austenitic stainless steel, and said . flgighcritical solid fraction
is 0.3. 3. A thin cast JE;ib Cpﬂdﬁlg to claim1, wherein 20
I

said nolten steel is ferritic stainless st and said fluid critical
solid fraction is 0.6. 4. A thin cast strip according to claim
1, wherein said nolten steel is electrical nmagnetic steel and said

e--- 0SS OF PORTIONS OF THE THIN CAST
STRIP EDGES DURING CASTING

o--- NO EDGE LOSS
1.0 e

0.8

0.6

0.4

EDGING UP HEIGHT (mm)

0.2

i i

0052 "0z 06

SOLID FRACTION OF PLATE THICKNESS CENTER
AT CAST STRIP EDGES

8 / 15



L

fluid critical solid fraction is 0.7. 25 5. A thin cast strip

according to claim1, wherein said nolten steel is carbon steel and
said fluid critical solid fraction is 0.8. 6. A thin cast
strip according to claim1, wherein said nolten steel is austenitic

starnl ess steel nd sai d 3 thin cast strip has a convex degree of
crowm Cw ([err] F Il g in the range defined by the foll owi ng equation
00117

(1). (0.0 V\[gﬂDr+(. A4 x d x W [err] Cw([err] 0.5 x
d _ .. (D
where: d is the thickness of tQ’S Bhin cast\sArip, and 35 Wis
the width of the thin cast stri ) strip
according to claim1, wherein & é'- sai SOH)A‘] gfﬁﬁ@f@@ﬁ :
ferritic stainless steel, and &a |9 AN cast skpnip has a convex
degree of crown Cw ([err]m - wi t hi\n\ttY® \range _def'i ned by the
foll ow ng equation (2). n—-(g 000012¥ 0 WerrD)2 + (0.0152 x d x W
[err] Cw[err] 0.5 x d 5 297 0.3
(2) where: d is the thitkn 5S of thg Yh\NXke strip, and
Wis the width of the thin cas& stf{ip. (nm \ 0.8. A thin cast
strip according to claim1, V\hr-;re%]1 S “ oSt eel is electrical
magnetic steel, and said 10 n cast st p anconvex degree of
crown QN([err]rr) & 3}
| %
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wi thin the range defined by the follow ng equation (3). (0.0000131 X
d x Werr]) + (0.0161 x d x W <Cw<0.5xd '

(3): where: d is the thickness of the thin cast strip, and 15

Wis the width of the thin cast strip (nm 9. A thin cast
strip accordin @ clai wherein said nolten steel is carbon
steel, and sai F’E i a:rt 105..tri p a convex degree of crown Cw
([err]m wthin the r defi ned the foll owi ng equation (4). 20
(0.0000138 x d x Werr]) + (O 1§xdx : err] Cwlerr] 0.5 x d

(4) where: d is the thICkné‘SS of fma\thin cast strip, and

Wis the wwdth of the thin ca® gt_rlp ( 10. A process for

cont

producing a thin cast strip bg 2 pusly feeding nolten steel
bet ween a pair of cool iag qiums pl adg\par 8ol ¢h ERAEREHN Ot her and
si de weirs in a twin drggmtype conti appar at us,

sel ecting the

whi ch conprises the foll ow ng,_st%ﬁ_s: [}5
p to be forned:

t hi ckness d and the w dth W3&
using said thickness d and vvid:thSyas t he
degree of concave crown Cw whizch gi ves\3
t hi ckness center of the cast strip)
t he edges 35 toward the ce*n'tef"l n the direc
strip at a position where S&I%C%(H ing druns are

d(jsaction at the
t he di stance from

f ‘Said thin cast
\‘\'
QSest
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to each other is within 50 mnm which is greater than the fluid

critical solid fraction, and providing a pair of cooling druns on
whi ¢h sai d concave degree of crown Cw has been provi ded,; 5
feeding the nolten steel to a reservoir conposed of said pair of
cooting drunms and the side weirs; and '

rotating said cooling druns while mai nt ai ni ng sai d degree of concave
crown Cw for 10 conti nuous production of the thin cast strip.

11.. The process of claim 10, wherein said nolten steel is austenitic
stainl ess steel, and the degree of concave crown Cw ([err]m defined
by equation (1) is provided on said cooling druns for casting. 15
12. The process of claim 10, wherein said nolten steel is ferritic
stainl ess steel, and the degree of concave crown Cw ([err]n) defined
by equation (2) is provided - on said cooling druns for casting.

nol ten 20 steel is electrical

13. The process of clai nfJO; TWIET ¢ 1] Sl
magnetic steel, and the gegre¢goE| g| £] £fconcave crown Cw ([err]m defined
by equation (3) is proviged |3} 3 ®A$a™ cooling drunms for casting.
14. The process of clainﬁ e S nol t en steel is carbon
steel, and the degree of ¢avie ¢rovwnjonN 25 ([err]m defined by
equation (4) is providedi@Ps$aild ¢oqling drums for casting.
15. A f hi [
5 process for produc %g a<} 5mcp%§1p§tr|p by .
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continuously feeding nolten steel between a pair of cool ing druns

pl aced parallel to each other and side 30 weirs in atwn drumtype
confi nuous casting apparat us, whi ch conprises the foll ow ng steps:
formm ng concave crowns around the peri neter faces of sleeves forned
around the outer peri neter faces of the cooling druns, and form ng
concave 35 crowns on the surfaces of plating |ayers forned around

the outer perinmeters of said sleeves, having degrees of crown which
are smaller than the degrees of crown of 'the ' sl eeves, to
form cooling drunms which can apply a cooling rate to the nolten
steel which gives a solid fraction at the thickness center of the
thin cast strip, wherein_the distance fromthe edges toward the
center in the width 5lw. directipn pf_baidl thin cast strip at a position
wher e said cooli hg drjufs| & p&| &Skt [to each other is within 50

mm which is greater thimge:ﬂ&idérg &l solid fraction, and
providing a pair of SanE§%§|$%gqﬁrUﬂBU3 o feeding the
nolten steel to a reser g’g 10 c'o—rrp8'é=:b0 pf said pair of cooling druns
and the side wei FS—ghd uw.= rotating said cooling
druns for continuous = Q& dHCt&PnCP'DI]e thi m&ast strip.
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16. The process of claim 15, such that when the 15 degree of concave

crown at the outer perineter faces of the plating |layers of said
coofing drunms is represented by A and the degree of concave crown at
t hes cont act interfaces between said sleeves and plating layers is
repfesented by B, the ratio B/ A of said degrees of 20 concave crown A
and B is adjusted to a range of 1.1 to 4. 0. 17. A pair of
cooling drunms placed parallel to each other in a twin drumtype
conti nuous casting apparat us, having the follow ng construction: 25
concave crowns are formed around the outer perineter faces of sleeves
formed around the outer perTmgtenr—fgcey of said cooling druns,
plating | ayers are fesr ng rou t@e yter perineter faces of said
sl eeves, and concaJeucCr pwh$ gf fOﬁrmg on the surfaces of said 30
plating | ayers having dedige chPeh [whilc [ar e snakger t han the
degrees of crown of said %&%«/es @ Q 3 3_18. Cooling druns according to
claim17, such that n the degfee [of |concave £rown on the outer
peri met er faces of [The prajing I ayens df sai dO&goling drums is 35
represented by A and the |dgr e 0f0 ¢@n¢ape Rerlown atti%e cont act
interfaces between said 4l &ves and|pl atifg Ig%grs is represented by
B, the ratio B/ A of said]|deyrEes wos - 49 -
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of concave crown A and B is adjusted to a range of 1.1 to 4.0.
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