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This invention relates to a generally vertical caster which
produces netallic bar from 5 nmolten netal. The invention also

I ncl udes a met hod of producing netalTic bar fromnolten

net.al and an associated netallic bar product. Cont i nuous
casting of nmetallic bar is a well known process. One exanpl e of
such a :

APPARATUS AND METHOD FOR THE VERTICAL CASTING OF A METALBAR

This invention relates to a generally
vertical caster which produces metallic bar from
5 molten metal. The invention also includes a
method of producing metallic bar from molten
metal and an associated metallic bar product.
Continuous casting of metallic bar is
a well known process. One example of such a
10 oprocess is casting aluminum bar using a wheel-
type caster. The aluminum bar is used as a
starting product for producing aluminum rod and
aluminum wire. The advantage of a continuous
casting process over the comventional process of
15 producing aluminum rod and wire from extruded,
large (fifteen inches in diameter) billets is
that the continuous casting process collapses
certain manufacturing process steps resulting in
the elimination of certain equipment and work
20 stations. This, in turn, significantly reduces
capital, labor, maintenance .and energy
congsumption. : '
The known wheel-type continuous bar
caster involves providing a xevolving wheel
25 having a trapezoidal groove "in which molten
aluminum is cast. The groove is covered by a
- steel or copper belt as the wheel and the cast



10 process i s casting alum num bar using a wheel - type caster.
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al um num rod and al um num wi re. The advantage of a conti nuous _
casting process over the conventional process of 15 produci ng al um num
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revol ve. The gr belt amd iox the sidesOdf the WeldI0! Afeer casting the
alum numbar.  go1idification, the aluminum bar is introduced
into a shape rolling mill where the bar is -
10 shaped into aluminum rod. The aluminum rod is
then quenched, il_.ibr:l.eat:ed and wound onto a coil.
As is well known to those skilled in -
the art, the ‘quality of the --c’oﬁtinuoully cast '
- aluminum bar mainly depends: on. the thermal
15 conditions during the -lolldif-ibtt_ioﬁ process.
The rate of heat. extraction has to be controlled
' in order to resist (i) surface liquatiocn; (ii)
build-up of residual stresses during
solidification which can cause side bar cracking
20 and bar b:ééak-up ‘during casting or subsequent
processing; and (iii) centerline segregation of
alloying elements. Although many process
improvmnits_ ‘have been h'adé to. f.he. wheel -type
caster, the above problems are sprgs.ent.
25 ecpecia.fl-.l? in casting certain alloys, such as
2XXX, 5XXX, 6XXX and 7XXX aluminum alloys.
: - Surface liquations are caused by the
formation of an air gap between the solidifying
" aluminum bar and the mold which causes remelting
30 of the bar shell surface. :This problem can be
solved by maintaining ‘contact between the mold
and the solidifying aluminum bar throughout the
length of the casting process. . However, as the
wheel-type caster has a rigid mold on three
35 s:l.'dcs_,'"- it is difficult, if not impossible, to
maintain mold/bar contact throughout the -
solidification process. 1In addition, the mold



The nol ten al um num solidifies in the groove and then_exits

wheel of thdV@a6e%30 The 5 solidification process is ac%%ﬁs by
i ntroduci ng a cool ant on the back side of the belt and on the sides
of the nold. After solidification, tt}e aI gm num bar is introduced

into a shape rolling mll where the bar is shaped i nto al um num
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art, the quality of mmtﬂmmvmm maintliai meddfbaxr minly
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process. The héat extractl on ha o be control | ed

in order to resist (icashing@ragenmians appazatus that provkdes Go9ds dual
stresses during 5 moldyMaxiddrtadt toMtedl R i Jitfudtion marki ng

20 and bar break-up durlng castln r subsequent oce ng; and
(iii) centerline segri@yTRFPVE ¢ enstal fﬁﬁcl?] T of %1 cﬂf}h many
process | npr pe@uEts, have been nade to the wheel -type

caster, the above problens are present 25 W W
certain alloys, such as W‘%&‘ al um nu al | oys.
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bet ween t he soI | fy| Q*HQ ﬂﬂt i3 aHd Gotiigy causes
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al um num bar through@gr Bild-up of residual sts‘essas. This problem

is related to heat transfer rates over the
length of the solidification zone and can be

15 controlled by careful manipulation of coolant
application at strategic logations in the
casting process. This requires a casting
process with flexibility to vary heat transfer
rates over the solidification zome, so that

20 different alloys can be sucgessfully cast.
Although improvements in manipulating the
coolant application in the wheel-type caster
have been made, there is still needed a bar
casting process and apparatus that provides

25 flexibility to vary heat transfer rates over the
length of the solidification zone.

In addition, for longer freezing range
alloys (i.e., 2XXX, 4XXX, 6XXX and 7XXX) there
must be a very efficient coslant application

30 apparatus in order to quickly extract heat from
the solidified metal. The-wheel-type caster
does not provide the type of high cooling rates
that are needed to efficiently solidify the cast
bar. The inefficient cooling causes centerline

35 segregation of the alloying elements which is a
universally undesirable result. Thus, there is
still needed a bar caster having a cooling




| ength of the casting process. However, as the wheel -t ype caster
has a r wpsk/osedod on t hree 35 sides, it is difficultpcriusesiode

i npossible, to mai nt ai n nol d/ bar contact throughout the .

solidification process. In addition, the nold WD 96/ 09130 -
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di stort unpredictably thus al so making.it difficult to maintain

mol d/ bar system whichiheffichently sremorves et :fxom the casting
rocess and app 1eén PheV (oTaTaT" f‘m}“ﬁ a%um ct to resist

gurface I|quat|(ca)‘?\iléaﬁsnl6 ‘ﬂe:lﬁnrrproverg%?\ef% surTace qua fty of the

cast pr um bar. The partially solidified bar-

bendi ng in the r oTie DeEctastes GEUEKS HrvientEdn WK g 10 -

22% B?{ 3[1’61?%;&"1% %ﬁgn 3 g’g“agfl"ﬂg&f%?g%ﬁﬂ ‘ERPOP‘f Ta‘g% alslt %:ses.
Thi s probl em The gmruweurummcumfm: redstsimy atol ten
length of the sqhdedii LAt Welkl1& Har Vodfrines W pafi?Yg ! od by careful
mani pul ati on of .
able opposed belts, ‘each of - ‘the belts having
a casting surface and a cooling surface opposite

10 the casting surface and a pair of movable
opposed dam block means, the dam block means
including a plurality of dam blocks ‘having one
end mounted to an orbiting support and a casting
surface opposite the mounted end. The casting

15 .surfaces of the dam bloci:_s define a bar casting
zone for solidifying the molten metal into '
metallic bar. ‘The caster further comprises
cooling bar means for ‘cooling the belts while
they pass f.hréugh the bar casting zoned.

20 A method of casting molten metal into
metallic bar is also provided. The method
comprises prov:l.di—ng a gongrnlly ‘vertical bar
caster as described above ha.ving "a-p'n:l.r of
movable belts, a pair of" dam block means and

25 cooling bar means for cooling the belts. The
method further comprises solidifying the molten
metal in a bar casting zone defined by the
casting surfaces of the belts and the casting
surfaces of 'the' dam blocks to form the metallic

30 bar. '

, A metallic bnr made: by the method of
the :anent::i.on is also prav:l.dod. 3 :
' A full understanding of the. invention
can be gai.nod from the following description of

35 the preferred embodiment when read in .
conjunction with the acccmpanying drawings in
which: -
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gure 4 is a view taken along line 4-

4 of Figure 3. -

10 Figure 5 is a cross-sectional view
taken along line 5-5 of Figure 4.

Figure 6 is a horizontal section
through the bar casting zone.

Figure 7 is a partially schematic

15 vertical section of the bar casting zone showing
the belts and a sclidifying bar. '

Figure 72 is a cross-sectional view
taken along line 7A-7A of Figure 7.

Figure 7B is a cross-sectional view

20 taken along line 7B-7B of Figure 7.
' Figure 7C is a cross-sectional view
taken along line 7C-7C of Figure 7.
' Figure 7D is a crbss-sectional view
taken along line 7D-7D of Pigure 7.
25 Figure 8 is a front elevational view
of one of the bar cooling means.

Figure 9 is a crobs-sectional view
taken along line 9-9 of Fijffure 8 and also
showing the belt as it is“Pésitioned relative to

30 the cooling bar means. - *:

Figure 10 is detiiled elevated-cross-
sectional view of the nozzles at the upper
portion of the cooling bar isans.

Figure 11 is a detailed enlarged

35 cross-sectional view of tlié-nozzles at the mid
portion of the cooling bar means.

Figure 12 is a detalled enlarged



-4- system which efficiently renoves heat fromthe . cast

nol t en wexesleoisa order to formhigh quality al um POIMUS2S/12040

The bar caster of the invention has 5 nmet the above nentioned needs as
wel | as others. The generally vertical caster for casting nolten
metal into netallic bar conprises a patr6 of novabl e opposed belts,
each of the belts having - a casting surface and a cooling surface
opposite 10 c¥emscsectional view ofjthe mozzles mtthe lower  opposed

dam bl ock rreans,p,w@ig@na,bl @g &661$ng bar medss! Uding a plurality of dam’
bl ocks havi ng one mounted to an orbitin support and a casting

surface opposite the munt%ﬁ%ﬁﬁinQMaE?lW‘& 3sMaces of the dam
bl ocks defi ne a Meﬂﬁiaﬂgof a geneiorwyfﬁ:sﬁaﬂlﬁdr Ndadé€ér "o t en net al

into he cast f ther ses cool i ng bar
means for cool i ng t%‘g"'gghs{ﬂ/rﬁ zal, 'the %giétﬁwt HRE bar casting

zoned. 20 a pair of /movablel wpemdlbqltmllzrlnﬂatm whiach
metal lic bar is fh&ai{veh gtk sﬁﬁd viding a
general ly vertical bar Jlggger as%%s%?} e avi 14, a pair of

movabl e belts, 29 ?'Eﬂc%‘mhock:ﬁe%ﬂlspwnﬁégihl%mlm %&r nmeans for
cool i ng the bel tandme are the m&@dréus heid O S5, 28 i&kd i Ng the

gglr]'sgges oflq hen% %"Q‘ﬁa bar ﬂ%zo% deflﬂ_ed bg/ t he _ casting
appreciated the.t, lees preferably, this
: a:.-_rengem__ent can be reversed, and rolls 22, 26 ‘
can be the driver rolls and rolls 20, 24 can be
' the idler rolls. The rolls are conventional in
15 construction and are preferably from about
twenty to fifty inchee in diameter, . depending on
the belt th:l.clr.neee. . L
‘The rolle are neunt:ed in a frame (xiot
shown) and are edept:ed ‘to. move- the belts at a
20 rate of at least: forty feet per. minut:e._ - The
~belts 12 and 14 are. prefe_rehly endless belts,
alﬁhough belts: such as  shown in United States
Patent No. 4,823 .'_:_86-9', 'which is hereby expressly
incorporated by reference herein, can be used.
25 The belts 12 and 14 can be made of copper or
steel and are approximately twelve to eighteen
:I.nchee wide and about .010 to .050 inches thick.
The belts 12 end 14 prev:l.de excellent heat
transfer mediums for the ceol:l.ng molten. netel.
30 - Belt 12 has a- .casting surface l2a and
a cooling ‘surface 12b and belt 14 has a casting
surface l4a and a cooling surface 14b. It will
be appreciated that ‘the casting surfaces 1l2a,
14a contact the freezing molten metal and the
35 cooling surfaces 12b, 14b are cooled by coolant
from the cooling bar means as will be explained
below in further detail.



surfaces of the dam bl ocks to formthe netallic 30 bar.

A netal lic bANONM3My t he net hod of the invention i s R(TgS95/12040
prdvi ded. A full understanding of the invention

can be gained fromthe foll ow ng description of 35 the preferred
enbodi nent when read in conj uncti on=wt l+ t he acconpanyi ng draw ngs

in : whi ch: WO 96/ 09130
PCT/ US95/ 12040 Also provided are aspair of movable
Figure 1 is a perspecbppesédcdatl block means 307€532,! wavh' inedhddag easter

whi ch enbodi es the lLnvent i;on. ure IS a
vi ew taken along |i nep}?r"litYS"% dag; blpogks, puch as dam Badek®sa SBi gure

3 in a view taken al odgm biock means 30 afdotiaim hloekl36 on dam block
CSure 4130 Vo, thahedl 920, ia‘or whe pam gk Wetplineen
4. respective orbiting means which consists of

chains 43, 44 to which the dam blocks are

mounted and frame members 45, 46 respectively

relative to which the chains 43, 44 move. The

10 chains 43, 44 are orbited by a motor (not shown)
so that the dam block means 30 and 32 are self
powered. The dam block means 30, 32 are
supported by support members (not shown) which
extend from frame members 45, 46 the support

15 members being in contact with the floor of the
building containing the caster 10. The dam
blocks are preferably made of copper and each
have a casting surface, such as casting surface
34a on dam block 34 and casting surface 36a on

20 dam block 36. It will be appreciated that the
casting surfaces 34a and 36a of the dam blocks
will contact the freezing molten metal in the
caster 10 as will be explained in detail
hereinbelow.

25 Although self powered movable dam
block means 30, 32 are shown, it will be
appreciated that other arrangements for the side
dams can be used.  For example, stationary side
dams can be used which are 'supported by the

30 caster frame and positioned:to form the bar
casting zone. Another embodiment involves
mounting a plurality of side dams on both edges
of one of the orbiting belts. The side dams are
constructed and arranged such that when they are

35 in the casting zone, they are linked together to
form a continuous sidewall to confine the molten
metal in the bar casting zone and when the side



Figure 6 is a horizontal section t hrough the bar casting zone.

Figure woseeigmrtially schematic 15 vertical secti gpgTaisesfime®ar
casting zone show ng : the belts and a solidifying bar.

Figure 7A is a cross-sectional view taken along line 7A-7A of
Fi gure 7. . Figure 7B i& a cross-sectional view 20
taken along line 7B-7B of Figure 7. Figure 7Cis a

cross-sectional demsy exit the bmeclu:tmg téﬁl}. h& Gixde Iagnl.e 7.

Figure 7D is a qﬁﬂ; @@ @J"a[]q €go/ D 7D of
Figure 7. btk § 8 |s el onal V1 ew

of one of the ba?h%%o‘l‘l?m ’Fﬂv‘é@ around '-'-h‘ d!'iV‘ Pullkeywe 9 is a
cross-sectional Vi eW g_ Referridy ﬁ&ﬁr]gblp .gpf.{a@lr g and al so

showi ng the belt ositioned re e the cool i ng bar
means. ¢! é?‘ £ r% ‘E&Ja?g «ﬂ"req%tw Qb dam
sectional view (§1Q¢ie :m)zmm- tdpatwast slits 3m0r3463rwhm‘cu he cool i ng

st onal WS TAeRGe AEMEY bepidiiatdAY W Y T
cool i ng bar nearRther. The slits 34b, 34 haver & deptiat B, ed enl ar ged
. shown in Figure 5. The objective of this
10 arrangement is to maintain a flat block surface
while at the same time facilitating thermal
expansion and contraction 'bfth@ dam block 34 ‘
when it 'is used in the casting operation. Care
must be taken in the configuration of the slits
15  34b, 34c, however, in order to resist molten
metal from entering the slits 34b, 34c. This is
done by limiting the thickness of the slits to
avoid metal penetration. : |
The bar caster 10 further includes a
20 tundish 60 for introducing molten metal ‘64, such
as molten aluminum, into the caster 10. :The
molten metal. 64 is supplied from a trough (not
‘shown) leading from a holding furnace (ils_o not
_ shown) and can be treated or fluxed before
25 reaching the tundish 60. - The molten metal 64 -
then passes through the tundish and into the
nozzle 66 for delivery into the bar- caating zone
(described in detail below). S
A pair of cooling bar means 70 and 72,
30 (cooling bar means 70 only is shown in Figure
1), are disposed behind belts 12 and 14
respectively. The cooling bar means 70 and 72
are mounted in the frames (not "-'shm_vn) which
_ ~ support the rolls and belts. 'I.‘h_e' cooling bar
©35 means supply coolant, such as water, from a
coclant source through a manifold, such as
manifold 74 for cooling bar means 70 "(.!':I.gure 1),
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portion of the cooling bar neans. Referring now to
Figures 1-3, an enbodi mrent of a generally vertical bar caster 10
5 is shown. In general, the caster 10 cons?sts of a pair of
novabl e opposed belts 1 are

and 14 which riven and s orted by
roll's 20, 22 and 24, ch f'zé*?@?g@étfﬁeF99 cppl gp?EFg??EdfgﬁaPErolls
20 and 24 ar echécbeltecl2rasl widbobeoekplafnedtinrdetailOin t he
driver rolls, althou Lt wil } at | e
preferably, this gpigaﬁ??azagﬁehflggh b@agésé%géﬁg"%ggi?8r|Eﬁiﬁ,‘ﬁe
can be the driver rolhanhfidldsl 74a28nd274bacancbe providedcingthe ro| | s.

The rolls are conyent} | cegstruction and are preferably from
about twe%ty %883#?#;5?%3&@???8' aneter, depending o t he

n
bel t thickness. As gpm bestsbaraeas inch ® #rane (not

shown) and are adapt egpiPniP¥6adb8 BELtSsdala80 £82 bel©!E20andt | east
forty feet per m nute.

bel t s, althouﬁﬂrg€§t§°§ﬂ!ﬂ Bgfgaéﬂﬁfiﬁggﬁ%éegggfgigggégbly engQSZﬁt
No. 4,823,860, which psovidedy cThesesbylts sealsi80oapdr82cbekp teference
herein, can be Qf@d' resist the escape of molten metal from the bar

casting zone and also maintain intimate

belt/mold contact. The belt seals can be

similar in design and operation as those shown

in United States Patent No. 4,785,873, which is

15 expressly incorporated by reference herein.

As algso can best be seen in Figure 2,
belt support shoes 90, 91 for belt 12 and 92, 93
for belt 14 are alsc provided. The belt support
shoes increase the spacing of the rolls from

20 each other and thus in turn create a larger
space between the belts. This allows for
adjustment of the head pressure from the tundish
60 because a larger range of vertical positions
for the tundish 60 is possible. Furthermore,

25 this allows the cooling bar means 70 and 72 to
be placed closer to the nozzle 66 so that
cooling of the belts 12 and’'l4 can begin as soon
as molten metal is in contamt with the belts 12
and 14. PFinally, the extxtfspace can be used to

30 £fit induction heaters 94 and 95 close to the
point where the molten metal contacts the belts
12 and 14. It will be appraciated that belt
shoes 91 and 93 can be eliminated and the
diameter of rolls 22 and 26 can be increased to

35 accommodate the use of belt ‘shoes 90 and 92.

Referring now to Figure 6, a
horizontal section of the bar caster 10 showing
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25 The belts 12 and 14 can be nmade of copper or steel and are
appr oxi wetwe9130 wel ve t o ei ght een I nches wi de andpedrnus9sn264b0 to . 050
i nches thick. The belts 12 and 14 provide excellent heat S
transfer nmediuns for the cooling nolten netal. 30 Belt 12
has a casting surface 12a.and -aleoel i ng surface 12b and belt 14 has
a casting surface 14a and a cooling surface 14b. It wll|

be appreciated th&firass-seehion) of the darl 2msting zonelAD0cdat act t he

freezing nolten guhil. A4thd ar c&,bngc%‘wqowri@ﬁe A L 4b are cool ed

by cool ant fromthe cool i ng nmeans as ai ned
bel ow i n furtherttRfbGagting sunfecey 34mo 36a of the dam blocks

PCT/ US95/ 12040 34, 36 and the casting -urfaco-d 126, 8.43 kof s 30 32 Al so
Do 020, e BT W e, bl S0l D 070 o
dam bl ock rreansvd-@lm]d:hti:mﬂd great@xthanmtheosiidth of tiseans 32WhF2(k:1h of
consi ot 5 of - custINdad100,, as el Hesk 48 HiaR B30
order for the dam block means 30 ‘and 32 to form
a mold for the casting of - ‘the metallic bar.
10 -+ The bar casting zone is generally in
the form of a rectangle:and the typical
dimensions of the cross-sectional area of the ‘
bar casting zone 100 shown in Pigure 6 can be
two inches by three inches (2* x 3%); two inches
15 by four inches (2" x 4%); three inches by four
‘inches (3* x 4v); 'or'_throe..inch'.s by three
inches (3" x 3"). The bar casting zone
preferably has contoured corners as is shown in
Figure 6 which are formed by the complementary
20 shaped dam blocks 34 and 36. ccn't:éure'd corners
for the as-cast bar facilitate lower stress
during rolling and avoid slivers and cracking of
the bar. More gén_erally,. ‘and as used herein,
_ the bar casting zone 100 is defined as having a
25 - cross-sectional shape generally in the form of a
rectangle comp:ia:lng a first dimension Fl1 and a
second dimension F2 that is about 50% to 400% of
t:hc £irst dimension. . : =
- Figure 7 and !‘:I.gurol TA, 73. 7C and 7D
30 show the solidification of the molten metal 64
into a cast bar. The molten metal 64 is
introduced into the bar casting zone 100 through
tundish 60 and nozzle 66. Upon entering the bar
casting zone 100, the molten metal 64 is
35 completely molten but quickly a shell 102
solidifies on the outside edges of the molten
metal to start to form the metallic bar. Heat



unted and frame nenbers 45, 46 respectively relative to which the
chains 43, %D 9610930 The 10 chains 43, 44 are orbited by RCHPRNSH2¢4P ot

shewn) so that the dam bl ock nmeans 30 and 32 are self

power ed. The dam bl ock neans 30, 32 are supported by support
menbers (not shown) which extend frobdfranme nenbers 45, 46 the
support 15 nenbers being in contact with the floor of the

bui | di ng cont ai ni ng tﬂﬂemm from the solidifiyisg moltenmetalyp y
nmade of copper and eafiough the BRIt 1299nNd 145U Whdch ai‘échzoiﬂ.d@bg ngd
am

surface 34a on m bl oc 4 a asting syrface 36a on
bl ock 36. It wll beCRﬁgiéﬁgma' P‘%ﬂg AL PCFYT8yr R%s 34a and
36a of the dam bl ockmolten metdl lscdddifies iﬁ-drm oytaidecintical in the
caster 10 as wl kL be | ai. i i Ig %@yv
Al t hough sel f po&ereggﬁvgoggq&gr]n&%&i Em:tﬁ i %‘ L *ore é‘n It
will be appr asida e thoditan Mzaracmegé:%t smorhhteh&am moves
dams can be used. FOLpXRgN &, §S inng%m 100, H&AS 4@2n be used

0 caster

whi ch are supported by the and S|t|oned to formthe
bar casting SoRtinued o) molten metsdsiing a

plurality of side damaoruhom;ewhmgg to @‘o].w £9f. t lmheor bi-ting belts.
35° “in‘the cactPng SEAFacEREy sElE WoabRpe (5d Aimm), 1b edmed R 11CY o€
conti nuous sidewal | thecbai eastimg zicnenby the boundaries betwesn casting
zone and when the sigdge go1ia shell portion 102, the mushy zone 104
and the liquid center zome 106. The bar 110
becomes completely solid and then exits the bar
15 caster 10 for further processing, such as shape
rolling o¥ cutting into straight pieces. The
exit temperature is proferably in the range of
800° to 1000°F. '
Molten aluminum cah be cast into
20 aluminum bar by using the caster of the
invention. Although any aluitinum alloy can be
cast, the most likely alloys for bar casters
come from the following Aluminum Association
designations: 2XXX, 3XXX, 4XXX, S5XXX, 6XXX and
25 7XXX. The bar caster 10 is especially effective
for the so-called "hard alldys" (2XXX, 4XXX,
6XXX and 7XXX alloys) which simply could not be
cast using prior art continiidus bar casting
apparatus ‘and methods becats® of their long
30 freezing fange. The gsnerally vertical bar
caster provides a metal hedd@™that facilitates
excellent molten metal to b#lt contact and
excellent molten metal feed ©ver the entire
cross-section during initial solidificatiom.
35 This f£acilitates a short muBhy zone. The
generally vertical bar castér inherently has
equal solidification of all Bides. Furthermore,
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- 8- w0 96/09130ns exit the bar casting zone, the side daPEI/USISI2040 i i | ar
to a bicycle chain, becone separated so that they nmay go around the
drive pulley. Referring now to Figures 4 and 5, it 5
will be seen that the casting surface & of dam bl ock 34 i ncl udes
a pair of slits 34b, 34c which are oriented generall

per pendi cul ar | ydRe &qcfkhe design,pof.theTgoolingsngsglesic have a depth, D,

shown in Fi gur e ekcellentbbedt \ee Bart bb&eacelﬁs mALHBRYARANt IS to maintain
a flat block su le at th |rrefaC|I|aat|ngtherrraI

expansi on and c%PF&cP’P‘&n]'&th ke &Qnﬂff’agﬂ'%& cast bar praduct; o sed in
t he casting opewhﬂ.chnmiﬁd.mi:ol the problens. associasedhwithnfi guration of

the slits g 15, thﬁ-b ‘gic Oﬁﬁa{'&f*n %ﬁgir ans{;EihﬁL nol t en

met al fromenterlngt REBS | done by linmiting
t he thickness of metémsapd centerliavonmcatip@net ration.

The bar caster 10 further :hnﬁk.gggg %om:l.ﬁﬁ oft %ﬂdl ShrGQhEQE Rl oduci ng
nmol ten netal 64, nuch
aeveral critical elements. which must be.
controlled. !'ir-t, the belts must be rca:l.sted
10 from dist:ori::l.ng upon £irst coming: into- contact

with the molten metal £rom the.nozzle 66. If

waves or o__t;h_er distortions {(known in. the art as '

"buckling”) of the belts occur, this can .

adversely affect surface quality. Secondly, as

15  the bar solidifies, the belt must maintain
intimate contact.therewith in _érgg:-}-; to resist
air gaps frombcing created between the belt and
the bar. This will prevent remelting of the
partially solidified shell. :This remelting

20 causes a defect called surface liguatioms.

Also, there must be efficient heat transfer from
the solidifying bar through the belt.. This will
enhance the metallurgical qualities of.the bar
hand minimize '-uch things such as ‘centerline

25 segregation. -

The design of the cool:lng bar 70, 72
:o-ilts distortion of the belts 12, 14 wvhen the
molten metal enters the bar casting zone 100 and
alsc maintains intimate contact.on the =

30 solidifying bar. Referring to Figures 8 and 9,
cooling bar means 70 (which is similar to
cooling bar means 72 so only one will be
explained in detail) is a hollow structure
‘having a cooling wall 200 which faces the

35 cooling surface 12b of belt 12. Coolant (such
as water) is introduced from a coolant source
(not shown) into manifold 74. -The manifold 72

-~



as nmolten alum num into the caster 10. The nol ten netal 64 iﬁg
£8ce

suppl i ed fr %O 268 gh (not shown) | eading froma hol BFHYS#{

(aFso not shown) and can be treated or fluxed before 25
reaching the tundish 60. The nolten nmetal 64 : t hen passes through
the tundish and into the nozzl e 66 f} UYelivery into the bar
casting zone descri bed i,n.,detaj |l bel ow. A pair
of cooling bar neans s'o posi °€y( &ﬂ%ﬁrﬁg)lgari% oA91dms, BAT shown
in Figure 1) meaits i0s plthdughhiitd widllt del aAppréaciated that it

respectively. The coqling bar 7 re n%;at? I n the
frames (not shown) V\%l‘c%‘n%° %1‘%%;35p%r‘1%e rto sfiz’a‘-'r% elts. P'gltlcool I ng
bar 35 neans suppip suppdded atcmbout \40-60 pednand £ills theo| ant

source_through agmanipbahde SaityS 208 forme®@ By Thd wWAll1e' c2Otheng bar
means 70 (Figure 1), WO 96/ 09130

PCT/ US95/ 12040 cooling bar means 70. . g which is
directed at the cooling surfacehd’ikcdling wall 200chasl & pAuraldityl be

explained in detall if gongra1nyeddeiiar hOsiTad suldll WePhbaFRY 0! 05,

218, as can best be seen in Figure 8. As can be

10 seen in Figure 9, the nozzles each define a
passageway 223 located centrally therein and
terminating at an orifice 223a which produces a
jet of water directed at the cooling surface 12b
of the belt 12. .

15 The coolant exits the cooling bar
means by going into channels 230 (Figures 8 and
9) defined by the nozzles and then being drawn
off by gravity and also by the aid of the vacuum
means 240 shown in Figure 9. The vacuum means

20 240 consists of a housing mounted to the back
side of the cooling bar means 70. A vacuum from
a vacuum supply source (not shown) draws the
coolant away from the cooling bar means 70
through outlet pipes 242, 244 by creating a

25 vacuum inside the vacuum means 240 through
outlet pipes 242 and 244.

In order to resist belt distortion

near the upper portion of the bar casting zone
100, the nozzles in the uppear portion are

30 configured as shown in Figure 10. The nozzles
have a concave guiding surface 250 and a flat
rim 252. The distance betwaen the flat rim 252
and the cooling surface of the belt 12b must be
less than the distance between the orifice 223a

35 and the cooling surface of the belt 12b. The
preferred distance between the rim 252 and the
cooling side of the belt 12b is omne sixteenth of



mani f ol ds 74a and 74b can be provided in the 5 cooling bar neans 70. '
As can Wwes60PE0seen in Figure 2, spring | oaded BETASSSAAW4030 f or
belt 12 and spring | oaded belt seal 82 for belt 14 are

provi ded. These belts seals 80 and 82 help to 10 resist the escape of
nolten netal fromthe bar cast L&g=-zone and al so maintain intimte
belt/nmold contact.. The belt seals can be ' simlar in design and
operation as thos® Mm(l/l") orilesmit ki Intitef wakent2%. 4, 785, 873,

which is 15 tﬁﬁif&séﬂr rm& @@h dﬁieiﬁ‘%&leéﬂib

As al so can best en e]t su ort shoes 90, 91
for belt 12 and ?ﬁf g‘%’ 355‘ t‘!m* tohe belt -
stjﬁport i coénts arﬂ:im :mmuwfﬁm r€heé de:rtornz ] ' golt each
ot her an s | n C e belts.
This al |l ows ME& Cf@caﬁﬁé?% %r?%’éa'ﬁ%%d:ﬁ% %?é)g&?vf%ﬁthe tundi sh
60 because a IarghorhngeltﬂtMQdom goed tabove. the. no:zIQ)rz.'t(he t undi sh 60
i s possible. Furﬁwo:[ﬁ: P 2510 %ﬁ &.@H_. é’&]@‘ qgﬁg yeans 70 and.

72 to pl aced c oser to e nozzle. cool i ng

of the belts 12 %Eﬁdc% BR%E}IE 250 Because of Lhe s Q%‘th%ﬁal is in
contact with theubeléanéeve guiding di\rfdee [ €lié | Jlaniderdf aKPace can be

por nt - wher &The FTHAEEE 50 “Bhe el Fenge Hbyasn WS Tdld S Tme 1, | i)
" be appreC| ated thim 252 tand the cogling @irfsce IRk of the belthated and the
-and the water level maintained around the
nozzles, a vacuum is created between the belt ' ‘
and the nozzle 250 so as to draw the belt:
15 towards the nozzle as shown by arrow V. The
vacuum pressure holds the belt in a planar
position, so that belt distortion is minimized.
The vacuum arrow V is also s_hdvine :Ln Figure 7A.
As the bar moves through the casting
20 zone, less vacuum prous'u:é is needed, thus the
- concave guiding surfaces are not as deep. This
can be shown in Figure 11 which shows the
nozzles at a mid-portion of the cooling bar
means. The reference numbers in Figure.ll point
25 to similar features as are shown in Figure 10
only with an "a® subscript. Just before the
metal totally solidifies in the bar casting
zone, the vacuum is not needed at-all, and in
fact, a '-jabs:l.f‘-.ive-- pressure is needed to maintain
30 belt contact on the solidifying bar in order to
maintain contact with the bar because it is
contracting in size as it solidifies. Thus, as
shown in Figure 12, (in which similar features
as are shown in Figure 10 are indicated by a "b"
35 subscript) which shows the nozzles at a lower
‘portion of the cooling bar means, the guiding
surfaces are generally flat, and thus a positive




dianeter of rolls 22 and 26 can be increased to 35 accommpdat e t he

use of belt WDO689180 and 92. Ref erring nowPEHURPHIIMP 6,
hori zontal section of the bar caster 10 show ng WO 96/ 09130

PCT/ US95/ 12040 - 10 - a

cross-section of the bar casting zone 100 is 15 - shown The bar casting

zone 100 is defined b t castin ur f 36a f t he dam

bl ocks 34, 36 PEAFRRES Fa?%"ﬂ'g% sk, of mt 3' rted OB (s 10
and 14. The belts 12thedcbélinge surface of \Mbdlltaﬁ.m orderatter mdlvan t he
wi dth of the 2t z 1g§§q§=c e |g 6 in
order for the dam bl o%% mggg's‘,: 8%%0 % 5 ?ﬂtﬂ selid th %for t he
casting of the netal | ddamgter of)the orifice, althoygh GMng zone is

general ly in 5 &%MPEBOE:W %@Wi@i%@ddiw 43 the upper

di rensi ons of the cross-seclional area of bar casting zone 100
shown n Figure 6 can Be@ctiom, capn,alsg d&j’m ERcFTOaLS 3, 3") . two

i nches 15 by fougzbathesﬁ-&'hem&") Thie/ pregatizes akyowo® is also
i nches (3" x 4"); or tgree 'ncg“igu:\é t,Bree
It will be appreciated that by
10 changing the depth of the guiding surfaces and
the diameter of the orifices, the vacuum and
pressure forces on the belts can be altered.
Thus, the vertical bar caster 10 can be used
successfully to cast different alloys having
15 different solidification rates. Also, the heat
transfer in the caster can be more effectively
controlled thus leading to higher quality cast
bar. o

. The method of the invention comprises

20 providing a vertical bar caster as shown in
Figures 1-12 and solidifying the molten metal
supplied in the bar caster in a bar casting zone
defined by the casting surfaces of the belts and
the dam blocks. '

25 The generally va:rtical bar caster
provides several benefits over prior art
continuous bar casting machines. Because the
casting process is vertical, metallostatic head
is used. The metal head provides an excellent

30 molten metal to belt contact pressure and
excellent molten metal feed during initial
solidification. This aids in making the mushy
zone length as short as possible (see Figure 7).
The bar solidifies equally on both sides and due

35 to the cooling bar design., excellent metal to
belt contact is maintained throughout the bar
casting zone. This makes for an excellent cast



inches (3" x 3"). The bar casting zone preferably has contoured
COr ner SWe9610913hown i n Fi gure 6 which are formedpoy/usys2040

conpl ement ary 20 shaped dam bl ocks 34 and 36. Contoured corners

for the as-cast bar facilitate | ower stress ~ during rolling and
avoi d slivers and cracking of - 136 ar. More generally, and as used
herein, t he bar casting zone 100 is defined as having a 25
cross-sectional Bregucteirrwhigh gurfaceoliguations and rectangle

conprising a fi ré&nébﬁﬂﬁboﬂe eéﬂéian re minfit2ad. di fRESHEILE2 that is
about 50% to 400% o I st d| mensi Fi gure

7 and Figures 7AP"'91§1 9c‘%nﬂ"?9§1‘n§0h.‘§hEMH€°§oﬂﬂm%mlWof t he

nol ten nmetal 64 do not ne@dote Bastohtéed, Thoehvatéed oBtal 64 is

i nt roduced |%to i Pg&tgastl ng zone 100 through . tundi sh 60 and
nozzl e 66. pon ent errng the bar ' casting zone 100, the nolten
metal 64 is 35 - conpl erIyiJﬂ;Ibcnamz'eqﬂnttdythtrnlthdﬂjh

i di fi ' al to start to
oot | UL BE0GS By Bpdfletcntion Ak
PCT/ US95/ 12040 £ocussed on casting molten aluminum, .other
molten metals such as, for example, copper,
10 zinc, steel and lead, could be cast using the
~ bar caster of the invention and the method of
the invention. The invention also contemplates
a cast metal bar made by the method of .the '
invention and a cast aluminum baz made by the
15 mthod of the invention.
"It will be appreciated that a vertical
bar caster and an associated method have been
provided wherein the vertical bar caster
produces metallic bar from molten metal and an
20 associated metallic bar p:oduct.
While sp.ee-if:].c ‘embodiments of the
invention have been disclosed, it will be
appreciated by those skilled in the art that
various modifications and alteratioms to those
25 details could be developed «in light of the
overall teachings of the disclosure. _
Accordingly, the particular arrangements
disclosed are meant to be illustrative only and
not limiting as to the scope of the. invention
30 which is to be given the full breadth of the
appended claims and any and all equivalents
thereof.



Is transferred fromthe solidifying nol hrough the belts
12 and 14, \WOP®0%38 cool ed by ic%lslsrh Ebraﬁf/ts f?@E'}in 7PCT/URSS 204

oceurs, the nol t en netal soIidﬂes? outside into 5
forma solid shell portion 102, a nushy zone 104 and a nolten
center zone 106. As the bar noves -t Bfoagh the bar casting zone
100, heat is continued to be remved fromthe nolten netal,

and the bar conti nues to solidify. The aracteristic V—shape (or
sunp) is formed in 1. t heh hrenersllyovertiodl) ¢dwrd u(TBY | foxr bet ween
the solid shell porti 0 l'iquid
center zone 106. The %‘b% Mfz{ﬁ'sﬁ&%@g ﬁ%&) g’fﬂﬁ%tﬁvlﬁ"‘?cﬁgﬁd t hen
exits the bar 15 (1%t cpadid ¢Qﬁt¢mr¢¢mr#1m85| ng, such as shape

rolling or cutting into straighg Im MJOT m ﬂ(lﬂ.f@pe[@ture S
t e

preferably in the ran e of

Mol t en al umi num can oo Bach,Qf "i‘&(i"l%ﬂ Baving tﬂarcw RPpEFAC® ast er

of the i nvenfiz), Jd e 2 rdocliny BuREdde Oj12)) 1ib)

cast, the nost |ikely_al I'?[/s foric{)ar casters come fromthe

fol | owi ng Al um num ASRR9E4Y%®, pald casting surfages,s. oxxx, 3XXX, 4XXX,
5XXX, 6XXX and 25 7XXX. eri:arotmmm oppord clax [bloxd¥ ecti ve
for the so-call har, (:;@SXX, gl | oys)
whi ch sinply co q)d n#?d W, sﬁ usi ng pr| b Mo%&nuou bar
casting app@IRnaL i %t%ébms@‘bf 3§)chaving one end

mounted to an orbiting support (43, 44) and a
casting surface (34a, 36a) opposite said mounted
end;

15 said casting surfaces of said belts
and said casting surfaces of said dam blocks
defining a bar casting zone (100) for
solidifying said molten metal into said metallic
bar; and

20 cooling bar means (70, 72) for cooling
said belts while said belts pass through said
bar casting zone, whereby said molten metal is
solidified into said metallic bar in said bar
casting zone.

25 2. The caster of claim 1, wherein

said cooling bar means includes a
cooling wall (200) which faces said cooling
surface of said belts, said cooling wall having
a plurality of nozzles (218); each of said

30 nozzles defining a passageway (223) terminating
in an orifice (223a) which produces a jet (254)
of said cdolant: directed at maid cooling surface
of said belt.

3. The caster of claim 2, wherein

35 Baid bar casting zone has an upper
portion and a lower portion;

said cooling wall has an upper aect.ion

T N
iy fill YR I




30 freezing range. The general

cast er provides a
netal poodeddiae facilitates

t en npCEUsSs/oabt cont act

and excel lent nolten nital fRERARF heldlentire

cross-section during initial sol=a This facilitates a
short mushy zone. The generat 138vertical bar caster inherently has
equal solidification of all si des. Furthernore, WO 96/ 09130

PCT/ US95/ 12040 disposed adjacent la'id upper portim of said bardue to the

design of the c ﬂ%#] %ﬂd g?g bar contact-
nmai nt ai ned. Qﬂd ese aﬁe ea to an exce ent ar product
whi ch ni ni mi zes aGiaaans, Kakd M Poxrigm of “-”-9' b‘é‘t Sa8tdag bar

products, such pnei adee - 1iquations and cent erI i ne segregation.

In proper fqrm ng of the bar here are er critical elements
whi ch nust BPe a cont®& ‘# Qﬁ'ﬂﬁf@%gﬁ UPPeT s st ed 10

from di storting sewtich oft sadd ruyomug)umt are cgnst:.'.uandm.aude nolten
{*ﬁteagrz rgg‘ the R3%%nge¥ so 'that saia Jét/ o Yool cHealtds' 20N (known in
: vacuum (V) to pull said belt toward said cooling
wall such that belt distortion is resisted and
10 said nozzles disposed in said lower section of
said cooling wall are constructed and arranged
so that said jet of coolant creates a pressure (
{(P) to push said belt away from said cooling-
wall such that intimate surface-to-surface
15 contact between said casting surfaces of said
belt and said solidifying molten nebal is
maintained throughout said bar casting zone.
4. The caster of claim 3, wherein
said nozzles are spaced apart from
20 - each other so as to define channels (230) for
said coolant to be drai.ned from said cooling
wall; and , : '
said drained coolant is removed from
_ said bar caster by vacuum means (240).
25 5. . The caster of claim 4, wherein
' at least some of said nozzles have a
concave guiding surface (250) wh:l.ch face said
cool:l.ng surface of said belt, said passageway
: being di.spc_:lod generally centrally in said
30 guid:lng surface, whdrohy said coolant forms a
liquid £ilm (260) on which said belt travels
while said belt moves through said bar casting
zone. ) '
6. The caster of claim 5, wherein
35 said guiding surface includes a rim .
(252) having a generally planar surface, said
planar surface being generally parallel to said

—_—
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"buckling") of the belt. occur, this can_ . ___..

qual ity. Sed¥R86H913%s 15 the bdf 1?% 'Qtéf ﬁgg, BeE
intimate contact therewith in order | “’ SHLACED i r gaps from being
created between the belt and -1 prevent renelting
of the partially solidified sheII '*ﬁlSrerreItlng 20 causes a
defect called surface |i quat I ons, t here nmust be efficient '
heat transfer from ©eol ngh%“%%‘??ﬂl?? ?@f%ap‘}ﬁ'r ough the belt. This will
enhance the netal lurgrgal qual ithesceétéhcopaclaim 1, wiheretimi ni mi ze such

t hi ngs such as centerline 25 r ' The desi
oflt%e cgol I ng bar 70, I72 1?%§?§£h¥)&%rf%ﬁ i? AT H'% 1(23, (1aésll o

R

when t he nol tmm@lwtasetm-bmctmmgVMellﬁ-ﬁahd
al so maintains i fméf t , badiq Ref err| ng
to Figures 8 andr% 4 H&Q fﬂ:‘) a‘?' ?regﬁg"% whi c%i‘?‘g Si md%&g
cool i ng bar neans 72 secemnd dimen ) being hetween apout |F7 is a

hol l ow structure 400% h@glma 59931;%518&0 which faces the 35
Fgflgggczgr;?g; ;2200 alrolteI tsoarZC?OO()l ag‘r gt h%ﬂﬂn} ‘ﬁ?%’mame;él I0I874. The
mani fold 72 said bar casting gone is formed by a
' 10 portion of said casting surface of said belt and
said dam block; and
the dimension of said bar casting zone
formed by said portion of said casting surface
of said belt is greater than the dimension of
15 said bar casting zone formed by said dam block.
9. The caster of claim 1, wherein
said casting surface of said dam
blocks has at least one slit (34b, 34c) for
acccmodaéing thermal expansion of said dam
20 block.
10. The caster of claim 1, including
said bar casting zone having an upper
portion and a lower portiomn; and
molten metal supply means disposed
25 above said upper portion of said bar casting
zone, said molten metal supply means including a
tundish (60) for holding said molten metal which
is to be delivered to said 'bar casting zone.
11. The caster of claim 10, including
30 . peparate means for moving each of said
belts into said bar casting zone, each of said
moving means comprising:
a first roll (20, 24) disposed
above said bar casting zone;
35 a second roll (22, 26) disposed
below sald bar casting zone;
a belt support shoe (90, 92) for

[T R




WD 96/ 09130 - _ _ N PCT/ US95/ 12040
- 13 - w096/09130 i s shown pOSFET D EganmﬁzﬁE}Ey i\n the Cc 0 RCTAGSISA2040
‘means 70 al though it will be T 0T ORE mmﬁ 3 can be placed in -

di fferent positions. Coolant ed at about 40-60 psi and

fills the 5 holl ow cavity 08formsz|0bythe wal I's of the
cool i ng bar neans 70. The cooling wall 200 has a :
plurality guiging and) supReTting salsd helt afher sais helt 218,

as can best hbg f&ﬁmrdn Fiviy Gpaliia AR ) ﬂszaz13 g@@mf&@d m.clf: qure 9, the .

nozzl es. each def,i sageway ocagted centrally therein an

term nating at |’Hﬂﬁb°!2ﬂpiﬁ ‘t&ﬁ ot Ta rii'tﬁ of water

directed at the m]iiug; zond Amaidbelt suppdﬁt o ddfiking a 15

The cool ant exit channel s 230

(Figures 8 a""rs\d 'QPJJE &%ﬂﬁl%’% "th bﬁﬂ?%%&n ‘ﬁ{el%ng dr awn

off by gravity &l greares Maﬁhﬂdiﬁm&meon said halte 240 shown in

Figure 9 The VadWRAEND 12% q{ﬁ% prdiimird & HaLPUNt ed to t he
ns

back Si de of the coo vacuum from
vacuum suppl y s®flken d%ﬁg"l%ir’eﬂ/vsdﬂﬁ?‘r‘d inte aaithdagay from t he

cool i ng bar mearaia,ng zone dan wm@.ﬁdﬁd,plﬂﬂg ahbildeywy creating a
25 vacuum Idﬂls' (L%Ptapreat\‘?-cum %S fan éﬂ{ %.ng said space; and
(iii) said cooling bar means can be positioned
more nearly ;djaeant: the point where said molten _ ' (
metal first enters said bar casting zone.

- 12. . The caster of claim 11, wherein said
15 belts are endless belts. ' o
13. The .caster of claim 11. wherein

‘said ancillary apparatus includes
induction heating means (94, 95) disposed in
said space for heating said belts before said

20 belts enter said bar casting zone.
14. ' The caster of claim 10, wherein

said tundish :_i_.nclud.i a feeding tip
(66) for £oeding_.ino1ton metal into said bar
casting zone, said feeding tip having a portion

25 -d.:lspose'd in said bar casting zone; and

spring biased sealing means (80, 81,
82, 83) for biasing said belt into intimate
aurfaga-tb‘-surface- contact with said feeding tip
so that said molten metal is resisted from

- 30 leaking from said bar casting zone.
15. The caster of claim 1, wherein

each of said dam block means comprises
(1) a frame (45, 46); (ii) an endless chain
adapted to orbit said frame (43, 44); (iii) dam

35 blocks (34, 36) mounted on said endless chain;
and (iv) motor means to orbit said chain,
whereby said dam block means are self powered.

- —
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outl et pipes 242 and 244. i

n LedQ Ir esi st bel t

di stortion WO96/913near the upper port oﬂ'“%fs‘%%% cast|l ng BCHAESIS12040
100, the nozzles in the upper portion dre RERLACHR 1t | ed as shown in
Figure 10. The nozzles have a concave gui ding surface 250 and a
f1at rim252. The di'stance between=-tR®& fl'at rim 252 and the
cooling surface of the belt 12b,r£rust be ess than the distance

bet ween the orifice ) 35 3nﬁ‘?ﬁ%’c%5l?%@l'§uf‘fa ®X*iRhe belt 12b.
The preferred di stance émtheef s&bdrdamBlocknédxts comprisesol i ng

20 B0t el 120 d L) B bl mrocke WeAfLAN 'SR com of guiq

(1/16") or less. A jrelts, whereby/said dam blocke|traveb ghth eaid

passageway 223 angl eXxiéfete$ fo 1dBat i CEs¥ing sokleSWi Il s as shown in
Figure 10 to create aﬁqﬁ?d film260 upon which the belt 12

5
moves. It will be apbteci at ed AHBetRed ofiicagking molten matal Ante i aj ned
in area above the nozgé€aPbfle bar, safdWiechdd REEbHLL yn order to have

t he vacuum V created bypgg%fA&gSQ.ggggza&xffyo‘;‘zt.tfegfrit’r:of

caster (10) including (i) a pair of movable

10 belts (12, 14), each of said belts having a
casting surface (12a, 1l4a) and a cooling surface
(12b, 14b) opposite said casting surface; (il) a
pair of movable dam block means (30, 32), said
dam block means including a plurality of dam

15 blocks (34, 36) having an end mounted to an
orbiting support (43, 44, 45, 46), said dam
blocks having a casting surface (34a, 36a)
opposite said mounted end; and (iii) cooling bar
means (70, 72) for cooling said belts; and

20 solidifying said molten metal in a bar
casting zone (100) defined by said casting
surfaces of said belts and said casting surfaces
.of said dam blocks to form said metallic bar.

h

18. The method of claim 17, including
25 . employing aluminum as said molten

metal.

19. The method of claim 18, including

exmploying molten aluminum selected
from the group consisting of 2XXX, 3XXX, 4XXX,
30 5XXX, 6XXX and 7XXX aluminum alloys.
20. The method of claim 18, including
heating said belts before said belts
enter said bar casting zone.
21. A metallic bar made by the method of
35 claim 18.
22. An aluminum bar made by the method of
claim 18. .

—_—
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t he concave i i surface, the dianeter of the 10 orifj he
W 9%’*’@&% %@eﬂéﬁ?ﬁ@ 12b

di stance betweé rimof the rimz252 and the cooli
of "t he belt and the water |evel naintained around the
nozzl es, a vacuumis created between the belt and the nozzle 250 so
as to draw the belt 15 towards thg Mbzzle a shown by arrow V. The
vacuum pressure holds the belt in a planar position, so that belt
distortion is mnimzed. The vacuum arrow V is al so shown in Figure
TA. As the bar noves through the casting 20 zone,
| ess vacuum pressure i s needed, thus the @ncave gui di ng surfaces
are not as deep. This can be shown |in Figure 11 which shows the
nozzles at a md-portion of the cooling bar means. The reference
nunbers in Figure 11 point 25 simlar features.as are sh '
Fi gure 10 only w subgcri pt . 6dus ggfore the
nmetal totally sSol | Qi ’e/baF cast\ng zone, the vacuum|s
not needed at , fan in_—- fact, ' S e is neededito
mai nt ai n 0 4Iﬂ ontagt on the 7D 'F_,eder 44
mai ntai n con t wfth it he bar} becaus == ontfr i in si,z8%s
it solidifigs.] Thups, jas S \N-FA\gure- 12/ N\g i i mgear
feat ures J as| ar iin r axe 15 20 30
subscript) wiNch shipwef Zll 48 pi|” =1 per h
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- 15 - pressure P fromthe jet of water is exerted BRI/US95/12040
thé cooling surface of the belt in order to nove the belt into
contact with solid bar. The di anmeter of the orifice, although
shown 5 wunchanged fromthe orifi @/@ aneter in the upper

section, can also be decreased to create a greater pressure. The
pressure arrow P in al so shown in Figure 7D. I t
wi |l be appreciated that by 10 changi ng the depth of the guiding
surfaces and the dianmeter of the orifices, the vacuum and

pressure forces on the belts can be altered. Thus, the vertica

bar caster 10 can be used successfully to cast different alloys
havi ng 15 different solidification rates. Al so,.the heat

transfer in the caster can be nore effectively controlled thus

| eading to higher quality cast bar . The net hod
of the invention conprises 20 providing a vertical bar caster as shown
in Figures 1-1 wselidifying the lgeen suppl i ed

in the bar caster in a

-

14a\' 1 2b\‘ / 12
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défined by the casting surfaces of the belts and

25

benefits over prior art

t he

used. The net al

contact pressure and

solidification.

as possible (see Figure 7).

si des and due
belt cont act

35

whi ch surface |iqugdg

The belts

do not need to be c

WO 96109330yener al | y verti cal

This aids in making

to the cool 64

I s mai ntai ned throughout
makes for an excel |l ent cast
PCT/ US95/ 12040

bar caster

U)

he b

&

t he dam bl ocks.
pr ROTAIRIS/A29¢@r al

continuous bar casting nachi nes. Because
casting process is verticad /ngtallostatic head S
head provi des an excel |l ent 30 nolten netal to belt
.excel l ent no[ten B8 feed during initia

zone length as short

r solg/difies equally on both
: cell ent netal
2asting zone.

to
Thi s
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It wll be appreciated that although enphasi s t hroughout the

speci fi cat i IKOREEI130 f ocussed on casting nolten al un nuUPGT/BI9542040
nokten netals such as, for exanple, copper, 10 " zinc, steel and |ead,
could be cast using the 1@r cagfgrgof the invention and the net hod
of the i 34entgpn ﬁ he |? ntion also contenpl ateg,, 143 cast
nmetal bar made by '&e ne h( [ I nvention and} C al um num
bar made by the m venti on. 1 wll
be appreciated th ca'l'?;'l bar cast € ' etdpd
have been vhea e\ )7 ¥ rtical " o e > o 4 Foduces
metallic bar frome f 20 as Y LB nErai af

pr oduct . i ¢ enbodifEniAogi=—itre -

i nventi on have bedsa & be ' -m{-l%/ yé:e
skilled in the arf nmodi ficdtions a iong to
t hose 25 details cod bped in 1ight ﬁ] overal |

t eachi ngs of the discl osuret 12 cordingly, e partlgul ar 64
arrangenent s di scl osed ar e heatt

the full breadth of th equi val ent s
t her eof . 14

to be illu |y and
not limting as to the ofet he invention %h?#o be given
F‘Tﬁ ppended cl ai s and any and all
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WO 96/ 09130
- 17 - WO 96/09130 CLAI MS 1. PCT/SOO84 ! | Y
vektical caster (10) for casting nolten nmetal (64) into netallic
bar (110), said caster conprisi 89 5 a pair of
novabl e opposed belts (12, 14), eacah of said belts having a casting
surface (12a, 1l4a) a{lg a cooling surface (12b, 14b)
opposite said casting syrfac a pair of novabl e opposed
dam bl ock sai d dambl ock neans including a
plurality of ali ng e wan
orbiting supppn . sting,280f 8 34a, 3 opposite
sai d nount ed ] 218 :‘.‘,“, 79C€S of said
belts flaces 'u;;" D1 CX N defining
a bar castin =i sol i ;;f g fai dynpol ten rretN into
said netalli J ;m- g bar megn§ (70, 72)
for cooling L 'ibq pass i hrough sai
bar casting Z 3 &k | Jsolidifiddyinto said
netallic bar |i A 1/ }
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casting zone. 25 2. The caster of claim1, wherein

sai d cool i noyBakesBeENS | ncl udes a cooling wall (200) péiosost1acss
said cooling surface of said belts, said cooling wall having

a plurality of nozzles (218), each of S%;ﬂﬁ 30 nozzles defining a
passageway (223) term nating In¥dn*orifice (223a) which produces
jet (254) of said cool ant directed aé5§$id cool ing surface

of said belt. 3. The288 aim 2, wherein 35
sai d bar casting zone has an upper ortion and a_lower portion;

said cooling wall has an upper secti A 96,0437 A
PCT/ US95/ 12040 - é&*‘ di sposed
ng zone and a | ower

adj acent sai d upper portion of said C
section di sposed adj acent s¢§ e&{%on of said bar casting
zone; and 5 sai d doset228 sai d upper

V 223a

230

///-2608 o~
252a /
254a — 250a - 250b ////‘
4 12 \ -
223aa / \ 29 -
| Sa 254b
- _
v / 22
12/ v 2123:!) >

ol 230a A 2300

126 12b

FIG. 11 FIG. 12
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section® of said cool i ng wall are constructed and Ld.,g:z ACE»&%’F‘Q:

said jet of coolant creates a . * vacuum (,V)j“F peT eIP I -...satdﬁ ¥ d
sai'd cooling wal I such .t hat .belt, di stor o5 | rest 2 19
sai d nozzl es disposed in said | ower section of y g e sai 8§ g e
are constructed and arranged o) tha-’t-"‘sabd q.t 9 f' by o
pressure (P) to push said belt away from sard-c ooth ----- to paged.::,
wal | nuc inti mate surface-to-surface cont act between said

casting @ﬁéﬁs of said belt and said _SHA'I@ Qﬁ R@GHPTeL?QT.&‘@?l s

g?i ntalned P Yghonla P4 BALeRRSHP SN morren mdtal it mHERTTIS o
ea dPt {67 a S@a S8k g&flé nesé;f@w&cfglg%a&f Yaster havimf é}\ Qﬁ%é}nt to

be dr ai ne from sald co

dr ai ned 19&9&:?@& 'a%xd e@VQQwEEO"%ortlon wﬁﬁd dsBdl CASLEEnbYmeBEUBLBANS
(240). : he caster of claim4, wherein

at | eastlmﬁe& aixﬁkdl%aaldeﬁpbatep@rtmn and s&9dCa¥ealrbdiges iidtnd 250)
whi ch face said cool1ng surface of said belt, said passageway

bei ng disgpiod elogenepetrtiongnsadl yertisaldbar caetergtﬂ\mtmxsmﬁm&img
wher eby said coolant forns a liquid film(260) on which said belt
travel s (1) a pairwhifl sovablie epposed deltis eagh bavingaa casting surface
zone. 6. The caster of claimb5, wherein 35

sai d guiahh@ teebing |swrfare; a(¥ima pair of movable opposed dam block

means, said dam block means including a plurality of dam blocks
having one end mbunted to an orbiting support and a casting
surface opposite said mounting end,said casting surface of saici
belts and said casting surfaces of said dam blocks defining a bar
casting zone for solidifying said molten metal into said metallic
bar; and (iii) a plu'x{ality of nozzles disposed in a cooling wall
of a cooling bar means for directing a jet of coolant at said
cooling surface of said belt, said nozzles in said upper portion
each including a concave guiding surface having a first depth
such that said jet of coolant creates a vacuum to pull said belts
toward said nozzles such that belt distortion is resisted and
said nozzles in said lower portion each including a guiding
surface that is either (x) concave having a second depth, said
second depth being less than said first depth of said concave
guiding surfaces of said nozzles in said tipper portion , or (y)
substantially f£lat such that said Jjet of coolant creates a
pressure to push said belt away from said nozzles such that

intimate surface-to~surface contact between said casting surfaces

of said belt and solidifying molten metal is maintained.

[




(252) 'Havi ng a generally planar surface, said REPI?A anar surface being

generally parallel to said WO 967 09130 CEMENT SHEET

PCT/ US95/ 12040 - 19 - cool i ng
surface of said belt. 7. *"The caster of claim 1, wherein
sai d bar casting zone is generally =~¥&ttangular in cross-section

havi n fir sj.on (F and a second di nension, said
secong menz#rb% ‘iﬁ‘j‘e‘ﬁeﬁggﬂ TRt ’5?% to L 4\%(3% of said
first di nmensigne C m erei

sai d bar cast%\!'gd /BRgzles, ?)"rrr?e %J SPS%% etr;foogll i %?igiaf é\etf A2t Fﬁg to
surface qdfisd Q:htbfﬂr{el@cfor said coéihﬂtdég‘ Qé%ﬁé@ fFrom sai S 9lin

t he di nension of said bar casting zone y sal of
sai d casdllg dnd ace of said belt is greater than the d| rrenS| on of
15 said bar casting zone forned by said dam bl ock. 9. The

caster of cl aaid,dréeneédncoolant is removed Febfi @A NEaBUEhae_rofpysai d
dam bl ocks has at |east one slit (34b, 34c) for
vacuum means.

3. The caster of claim 2, wherein

at least some of said nozzles have a concave guiding
surface which face said cooling surface of said belt , said
passageway being disposed generally centrally in said guiding
surface, whereby said coolant forms a liquid film on which said
belt travels while said belt moves through said bar casting zone.

;

4, The caster of claim 3, wherein

said guiding surface includes a rim having a generally
planar surface, said planar surface being generally parallel to

said cooling surface of said belt.

5. The caster of claim 1, wherein

said bar casting zone is generally rectangular in cross
section having a first dimension and a second dimension, said
second dimension being between about 50% to 400% of said first

dimension.
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accommodat i ng thermal expansi on of said dam 20 Dbl ock. 10.
The caster of claiml, including - . sai d bar casting zone

havi ng an upper portion and a | ower portion; and RH%ACEMENTS EET
nolten netal supply neans di sposed gi _ above said upper portion oy
sai d bar casting zone, said nol &n net al supply means including a
tundi sh (60) for holding said nolten netal which Is to be
delivered to said bar casting zone. 11. The caster of claim
10, incluging The 8dster of claimSSpawBbeeqmans for noving each of said
belts into said bar casting zone, each of said . novi ng neans
conprising: said bar casting zone ig Eormkdrbyla (EUttidh) ofi saddedasting
above sai d bar casting zone; 35 a second roll (22, 26)
di sposed surface ofiekaidsbedtbandcsatidndamobdpck; and a
belt support shoe (90, 92) for WO 96/ 09130

PCT/ US95/ 12040 - 20 - gui di ng

and supporting said belt after said, belt . .
the dimension of said bar casting zone formed by said

portion of said casting surface of said belt is greater than the

dimension of said bar casting zone formed by said dam block.

7. The caster of claim 1, wherein
said casting surface of said dam blocks has at least one

slit for accommodating thermal expansion of said dam block.

8. $he caster of claim 1, including

separate means for moving each of said belts into said bar
casting zone, each of said moving means comprising :

a first roll disposed above said bar casting zone;

a second roll disposed below said bar casting zone;

a belt support shoe for guiding and supporting said belt
after said belt travels over said first roll but before said belt
reaches said upper portion of said bar casting zone, said belt
support shoe defining a space created above said bar casting zone
which is greater than the distance between said belts so that (i)
molten metal heaa pressure for saié, molten metal which is
delivered into said bar casting zoné can be adjusted; (ii)
anciliary apparatus can fit in said space; and (iii) said cooling
bar means can be positioned more nearly adjacent the péint where

said molten metal first enters said bar casting zone.

REPLACEMENT SHEET
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A

travels over said first roll but before said . el sald
upper portion of maid bar - casting zone, said beﬁﬁpéﬁgﬁﬁﬁt

defining a 5 space created above.said bar casting zone mhlch

is greater than the distance between said belts so that (i) nolten
nmetal head pressure for said nolten netal which is delivered into
sai d bar casting zone can be adjusted; (ii) ancillary. 10
apparatus (94, 95) can fit in said space; anto- (iii) said cooling
bar means can be positioned nore nearly adjacent the point where
sai d nol ten metal first enters said bar casting zone. 12.

The castgr ofTﬁé gg&éF g?e&gh dwhere%ﬁ belts are endl ess belts.

13. The cas said ancillary
appar at us '”Céﬁﬂ&sbelts are éﬁﬁyggéo eﬁg@tlng means (94, 95) disposed in
e

sai d space for ating sal ore sai d 20 belts enter said bar
casting zone. The caster of claim 10, wherein

sai d tundi sh includes a feedlng tip (66) for feeding nolten netal
i nt o saipoparThe castercéstchgimoag, wherdineeding tip having a portion

25 disposed in said bar casting zone; and spring

bi ased seal i ngai®aanciBlar$lapparatus ifgludes fimdulrtdonn hestiihd akdéanst o
i ntinmate surface-to-surface contact with said feeding tip

so that d&ispeseftin said| spacecfoxthentingnsaid Jelts dafone fsaid keltsar
casting zone. 15. The caster of claim1, wherein

enter said bar casting zone.

11. The caster of claim 10, including
a tundish having a feeding tip for.feeding molten metal into
said bar casting zone, said feeding tip having a portion disposed

in said bar casting zone; and

spring biased sealing means for biasing said belt into
intimate surface~to-surface contact with said feeding tip so that
said molten metal is resisted from leaking from said bar casting

zone.

12. The caster of claim 1, wherein

said nozzles have a circular cross-sectional shape.
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(57) Abstract

-2
A generally vertical caster (10) for casting molten metal into r'

metallic bar. The caster includes a pair of movable opposed belts
(12, 14), each of the belts having a casting surface (12a, 14a) and
a pair of movable opposed dam block means (30, 32) including &
plurality of dam blocks having one end mounted to an orbiting
support (43, 44) and a casting surface (34a, 36a) opposite the
mounted end. The casting surfaces of the belts and the casting
surfaces of the dam blocks define a bar casting zone (100) for
solidifying the molten metal into metallic bar. The caster also
incudes cooling bars (70, 72) for cooling the belts while the belts
pass through the bar casting zone. An associated method and a
metallic bar made by the method are also provided.
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o [}
15 blocks (34, 36) having an end nounted to an or bi ti ng” support
(43, 44, 45, 46), said dam : bl ocks having a casting surface (34a,
- 36a) opposite said nounted end; and (iii) cooling bar .
means (70, 72) for cooling said belts; and 20 solidifying
said nolten netal in a bar casting zone (100) defined by said
casting . - surfaces of said belts and said casting surfaces .
of said dam bl ocks to formsaid netallic bar. 18. The met hod
of claim17, including - 25 enpl oyi ng al um num as said nolten
met al . ' 19. The met hod of clai'm 18, including
enpl oyi ng nolten al um num sel ected’ - fromthe group consisting of
2XXX, 3XXX, 4XXX, 30 5XXX, 6XXX and 7XXX . al um num al | oys. o
20. The net hod of claim 18, including ] heating said
‘belts before said belts enter said bar casting zone. 21
A netallic bar made by the nethod of 35 claim 18. 22.
An al um num bar made by the method of - claim109.
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