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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 kDowD process. one example of such a 

10 -process is casting aluminum. bar using a wheel­

type caster. The alumin1.ml bar ia uaecl as a 

starting product for prod.ucblg aluminum rod and. 

aluminum wire. 'l'he advantage of a con~inuous 

casting process over the coaY-entional process of 

15 prod.ucing aluminum rod and wire from extrudecl, 

large (fifteen inches in di81Deter) billets is 

that the continuous casting process collapses 

certain manufacturing proc ... steps resulting in 

the elimination of certain equipment and work 

20 stations. 'lhia, in turn, significantly :reduces 

capital, labor, maiDteDaDa• ._and energy 

consumption. 
Th.a >mown wheel-type continuous bar 

caster involves providing·a.-cevolving wheel 

25 having a trapezoidal groove·in which molten 

aluminum is caat. 'l'he gz-o.oY• is covered by a 

- steal or copper belt as th.a wheel ancl the cast 
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molten aluminum. revolve. The groove &Del the 
belt fozm a mold for casting the aluminum bar. 
The molten aluminum solidifies iD the groove llDd 
then exi ta the wheel of the caster. The 

5 aolidif ication process is acccmap1iahed by 
introducing a coolant OD the back aide of the 
belt &De! on the. aid•• of the mold.·. After 
aoliclification, the aluminum bar is introduced 
into a.ahape rolling. mill where the bar ia 

10 shaped into aluminum rod. The aluminum rod ia 
then quenched, lubricated and W01U1d onto a coil. 

As is' well Jmown to those skilled in 
the art, the quality of the continuously caat 
aluminum bar mainly depends·; OD the ther.mal 

15 ccmcli tions during tht!! ·aoliclif·ication process. 
The rate of heat extra0,ticm"·haa, to· be· controlled 

· in order to rea:l.at (i) surface· ·1:1.quat:lon; · (ii) 
build-up of re9idual atresaea::during 
ao1:1.clification which can.cauae·aide bar· cracking 

20 and bar break-up during casting or subsequent 
processing1 and. 0 (iii) centerline segregation of 
alloying el-.Dta·.. Although many process 
improvements ·•ve·been made to the.wheel-type 
caster, the above pr01>1 ... are,pr•aent, 

25 especially iD casting certain· all~a, .··such as 
2m, sm, sm and 7m aluminum alloys • 

. surface liquationa are. caused by the 
fozmat:l.on of an air gap between the·sol:l.clifyiDg 
aluminum bar and the mold which cavaes remelting 

30 of the bar.shell surface. 'Thill prablem can be 
solved by ma:l.Dta:lning·contact between 'the mold 
and the solidifying aluminum bar ··throughout the 
length of the casting proce••. .. BQWeVer, as the 
wheel-type caster has a r:l.g:l.dliold.OD three 

35 aides; :l.t :La cliffic~t:, ·if DC)~ :l.mpos9:1.ble, to 
ma:l.Dtainmold/bar contact throughout the 
ao1idif:l.caticm process. Zn adclition, the mold 
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and he1t will cli.stort ua.precU.ctably thua alao 

-king it difficult to maintain. mold/bar 

contact. 'thus, there is a n•ecl for a bar 

caating process and apparatua that provides good 

5 mold/bar contact to reaist aurfaae liquation and 

to improve general surface qaality of the cast 

product. 
The par~ially soU.clif ied bar bencli.ng 

in the round. wheel molcl cauaea sicle bar cracking 

10 and bar break-up duriDSJ caatin.g &Del rolling. 

Different alloys ezb.ibit dU!ereDt propensities 

for build-up of residual stresses. Thia problem 

is related to heat transfer rate• over the 

length of the soliclificatiOll zone &Del can be 

15 controlled by careful manipulation of coolant 

application at strategic looations in t:be 

casting process. Thia reqairea a casting 

process with flexibility to.vary heat transfer 

rates over the solidification. zone, so that 

20 differeDt alloys can be aucoesafully cast. 

Although improve1DeDts in mmaipulating the 

coolant application in tile wbeel-type caster 

have been made, there is still needed a bar 

caatiDSJ process and apparatus that provides 

25 flexibilit:y to vary heat tzaaafer rates over the 

length of the aolidificatiO.. zone. 
In addition, for ienger freezing range 

alloys (i.e., 2m, 4ZD, GUX m:u:l 7ZD) there 

must he a very efficient coolant application 

30 apparatus in order to quickly extract heat from 

the aoliclilie4 -tal. The"·w>aeel-type caster 

does not provide the type of.high cooling rates 

that are needed to efticieldSly solidify the cast 

bar. 'the inafficitm~ cooling causes centerline 

35 segregation of the a11oyizl9' eleme11ta which is a 

universally uDClesirab1e resalt. Thua, there is 

still needed a bar caster having a cooling 
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system which efficiently remove• heat fram the 
ca•t molten metal in order to form high quality 
aluminum bar. 

-- The bar ca•ter of • the invention ha• 
5 met the above aentiOilec!need.aaa wll aa others. 

The generally vertical c:aater for ca•ting molten 
metal into metallic bar compri•e• a pair of 
movable oppo8ec! belts, each of .- the bel~s having 
a castiilg aurface and a ·cooling •urface opposite 

10 the casting surface ~ a<pair of movable 
· oppoaec! dam block means, the dam block means 
inclUcling -- a plurality of dam blocks having one 
enc! mounted to an orbiting 'ilupport' and a casting 
surface opposite the mounted encl. The caating 

15 -surface• of-the dam-blocks define a bar-casting 
zone -for solidifying- the-·molten.met:al into 
metallic ·bar. The caster further·aamprisea 
cooling bar mean.a for cooling the belt• while 

20 
they palilli tbrc>ugh the.bar ca•ting zoned. . -

A method of casting molten metal into 
metallic bar ia -also .provided.- Tb.8- method 
campri••• providing a generally:vertical bar 
ca•ter aa cielicribec! above having a pair of 
movable belta, a pair Of dam-l:tlock means and 

25 cooling bar meana for cooling the belt•. The 
method further campriaali •Oliclifying the molten 
metal in a l:»ar caating zone defined by the 
casting •urface• of_ th• belt• and the casting 
surfaces of the dam block• to· form-th• metallic 

30 bar. -

A metallic bar made- by=.-the_methoci of 
the invezition --i• alao provided.-_ 

A full understanding of the invention 
can be gained from the following description of 

35 the preferred mllboc!:l.ment ·-when read in 
conjunction with the accompanying clrawings in 
whichs 
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l'igure 1 ia a perspective view of a 
generally vertical bar caater which embodies the 

invention. 
Pigure 2 ia a view taken along line 2-

5 2 of l'igure 1. 

Pigure 3 ia a view taken along line 3-

3 of Pigure 1. 
l'igure 4 is a view taken along line 4-

4 of l'igure 3. 
10 Pigure 5 is a cross-sectional view 

taken along line 5-5 of Pigure 4. 

Pigure 6 is a horisontal section 
through the bar casting zone. 

Pigure 7 is a partially schematic 
15 vertical section of the bar casting zone showing 

the·belta and a soliclify:lug"bar. 
Pigure 7~ is a creaa-aectional view 

taken along line 7A-7A of Pigure 7. 

Pigure 7B is a ~a-sectional view 
20 taken along line 7B-7B of Pl1JU.re 7. 

25 

l'igure 7C ia a cross-sectional view 
taken along line 7C-7C of Plgure 7. 

Figure 7D is a c:D:Oas-sectional view 
taken alcmg line 7J>•7D of ftgure 7. 

Figure 8 is a frc!m.t elevational view 
.of one of the bar cooling aeana. 

Pigure 9 is a c•*••-aectional view 
taken·along line 9-9 of J'llilre 8 and alao 
showing the belt as it ia~..-:t.tioned relative to 

3 O the cooling bar· :means. ; 1 .. 

Pig"llre 10 ia dttWill::?Led elevated-cross­
aectional view of the noza.e at the upper 
portion of the cooling bar •ans. 

Pigure 11 is a delailed enlarged 
35 cross-sectional view of t:lttla-taazzlea at the mid 

portion of the cooling ba_.:: iDUtana. 
Pigure 12 is a lt.WtHt.iled enlarged 
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cro••-•ecticmal vi- of the nozzles at the lower 
portion of the cooli.-g P.r means:. 

Referring now to Piguresl-3, an 
embodiment of:a genez-ally vertical bar caster 10 

5 is shown. In general, the ca•ter· 10 conaiata of 
a pair of movable opposed -- be;R.~• 12 and 14 which 
are driven and supported by roll• 20, 22 and 24, 
26 respectively. J:t· ia pr•ferred that_rolla.20 
and 24 are the idler rolls and rolls 22, 26 are 

10 the driver rolls, although it will be 
appreciated t:hat., le.as preferably; this 
arrangement cua be reversed, and rolls 22, 26 

~ : . . .. 

can be the driver rolls and roll• 2Q, 24 can be 
the idler. re>lla. 'l'he rolia are conventional in 

15 con•truction,_ancl are pref•rably, frcmabout 
twenty to fi-:fty inch•• in di ... ter.i--. depending on 
the __ belt thiclmeas. · 

·'!'he rella are JDOUDte4in a frame (not 
shown) and. are adapted to move the belts at a 

20 rate of at l~a11t forty feet P•r·minute •. 'l'he 
belts 12and_14 are pr.-:ferably-endleas belts, 
although belts:auchaa .. ahown 4:Us1ited States 
Patez:a.t Bo. 4,823,860, -whic:h is-- hereby expressly 
incorporated by Z".eference here~,- can be used. 

25 The belts 12 and 1• can b•.-de of ·copper or 
steel and are apprc>Xi-tely twelve to eig~teen 
inc~•• wide anc!-. about • 010 to • oso inches thick. 
'rhe belts l,2 ancl:.14 proyide excellent beat 
transfer medimaa for tbe .. cOQlingmoltenmetal. 

30 Belt 12 ba11.a caa~~ surface 12a and 
a cooling •urf•ce 12~ anc:l belt 14 baa a casting 
surface 14a and a cool,ing aurface14b. It will 
be appreci•t•d that :the caating.•urfacea 12a, 
_14a contact the freezing molten metal and the 

35 cooling 11urfaaea 12b,14b ar• cooled by coolant 
from the cooling barmeazaa as- will be explained 
below in further detail. 

( 
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Also provided an a pair of movable 
opposed dam. block means 30, 32, each :in.eluding a 
plurality of dam blocks, such as dam block 34 on 
dam. block means 30 and dam block 36 on dam block 

5 means 32. Bach of the dam blocJd1 are mounted on 
respective orbiting meana which consists of 
chains 43, 44 to which the clam 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. Zt 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 ezplaiaed in detail 
hereinbelow. 

2 S Al though self powered movable dam 

block means 30, 32 are shown, it will be 
appreciated that otber arraagementa for the aide 
dams can be used. Por ex••l•, stationary aide 
dams can be used·wl:dch are~au.pported by the 

· 30 caster frame and. positiona6,fto foza the bar 
casting zone. Another emboc.Hment involves 
mounting a plurality of aide dams on both edges 
of one of the orbiti11.g belts. The aide dams are 
constructed and. arraD.gec1 such that when they are 

35 in the casting sone, they •~• lillked together to 
foza a continv.oua sidewall to confine the molten 
metal in tile bar casting zoae and when the aide 
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dams exit the bar aa•ting z0i&e1 the aide dams, 
aimilar to ·a biaycle chain,· becomei·aeparated ao 
that they -Y ·go around the drive pulley. 

Referring now to _Pipre• 4 and· S, it 
5 will be aeen that th• casting·. aurface 34a of dam 

block 34 · i.Dalucl•• a .pair of alit• 34b, .··· 34c whic:h 
are oriented.· generally · perpeDCU.cularly ·to each 
other. The slit• 34b, 34a ~ve·a depth, D, 
shown in Pigure s. The objective·of this 

10 arrang811l8Dt •.ia to· -~tain a flat block surface 
while at the·· same· time facilitating thermal 
expansion· and. acm.traction of the dam"block 34 
when it·ia u•ed.iD the caating operation. Care 
must be taken in the configuration of.the slits 

15 34b, 34a,,however,· inorcler to reaiat.iaolten 
metal from entering the alit• 34b, 34c. Thia is 
done by limiting the t!iickne•• of the •lits to 
avoid metal penetration. 

The bar caater 10 further includes a 
20 tundish 60 for introducing molten metal 64, auah 

aa molten almdnum, into the·aaater 10. :The 
molten metal.64 .ia •upplied from a·trough (not 
shown) leading from a holding furnace.(alao not 
shown) and. aan. be treated or fluxed before 

25 reac:hing the tuncliah 60 •. ·The molten metal 64 · 
then.paaaea through the.tundiah and. into the 
nozzle 66 for. delivery into the bar caatiDg zone 
(described iD detail below). 

A pair of cooling bar means 70 and. 72, 
30 (cooling barmeana 70 only is ·ahoWn inl'igure 

1), are diapoaed behind belts 12and14 
reapec::tively. The cooling bar meana 70 and. 72 
are mounted in the. frames. (not ahowD) whic:h 
support the rolls ~.belts. The aool·ing bar 

35 means supply coolant, such aa water, fralli a 
coolant aource through a manifold, auch aa 
manifold 74 for cooling bar means 70 (Pigure 1), 
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which ia directed at the cooling aurface 12b of 

the belt 12 as will be explained in detail in 

Figures 7·10 below. llultiple maD:lfolda, such as 

manifolds 74a IUld 7•b can be provided in the 

5 cooling bar means 70. 

Aa can beat be aeen in l'igure 2, 

spring loaded belt seal 80 !or belt 12 and 

spring loaded belt seal 82 for belt 14 are 

provided. 'theae belts seals 80 and 82 help to 

10 resist the escape of molten- metal from the bar 

casting zone and also maintain intimate 

belt/molc:l contact. The belt seals can be 

similar in c:lesign and operat~on aa those shown 

in United States Patent Ho. 4,785,873, which is 

15 expreaa1y incorporated by reference herein. 

As also can beat lite aeen in Figure 2, 

belt support ahoea 90, 91 for belt 12 and 92, 93 

for belt 14 are also provided. '!he belt support 

shoes increase the spacing of the rolls from 

20 each otlaer and thus in tuzn create a larger 

space betnen the belts. 'Saia allows for 

adjuataum.t: of the heac:l preae-ure from the tundiah 

60 because a larger range of vertical positions 

for the t'UDCliah 60 ia poss~e. J'urthermore, 

25 this allawa the coolia.g bar aaana 70 and 12 to 

be placed closer t:o the nos-1,e 66 ·ao that 

cooling of tbe 1'elta 12 all6'14 can l:>egin as soon 

aa molten metal ia in con~ with the belts 12 

and 14. Finally, the extra•apace can be used to 

30 fit induction heaters 94 ui4 95 close to the 

point whe'Z'e the molten metal contacts the belts 

12 and 14. %t will be appreciated that belt 

ahoea 91 and 93 can be eli1dnate4 and the 

diameter of rolls 22 and 21 can be increased to 

35 accommodate the use of bel•'ahoea 90 and 92. 

Referring now to J'igure 6, a 

horizontal aeaticm of the bar a-ter 10 showing 
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a croaa-aection of the bar aaatin.g·zone 100 ia 
llhown. The bar caating zone 100 is defined by 
the aaating aurfaces 34a,.36a of the dD block• 
34, 36 and the caating aurfac•iii 12a, 14aof 

5 bel ta 12 and 14. . The belta 12 aDcl 14 have a 
width that is.greater than the width of the 
casting zone 100, as can be aaen<,in Pi!JtU:e 6 ·in 
order for the dam block means .3.0 and 32 to form 
a mold for the caating of the.aetallic bar. 

10 The bar casting zone ia ··generally in 
the fozmof a reatangle,and the typical 
d.imenaiona of the croaa-aectional area of the 
bar casting zone 100 shown in l'igure 6 can be 
t'wo indhea by· tbree inch•• (211 x·3•l; two inches 

15 by four inches <~· z 4•l; three inch•• by four 
inches (3• z 4•); or three inch•• by three 
inch•• (3• z 3•). The bar caating zone 
preferably has contoured corner• as is shown in 
Pigure 6 Which a;r:e formed by the·camplemen.tary 

20 shaped dam·blocka 34 and 36. Contoured. camera 
for the aa-caat bar facilitate lower·streaa 
during rolling. and. avoid alivera· · and cracking of 
the bar. More generally, and. aa uaad. herein,. 
the bar oaating .zone.lOO·i• defined as having a 

25 · croaa-aactional ahapa ·generally in the form of a 
rectangle campriaing a firat. d:h11maion Pl and. a 
aeccmd dimension ·. 1'2 that ia about 50915 to 400% of 
the firat di•enaion. 

Pigure 7 and Pisrur•• 7A, 78, 7C and. 7D 
30 show the aolidification of the molten metal 64 

into a cast bar. The molten met.al 64 is 
introduced into ··the bar caating zone 100 through 
tundish 60.and nozzle 66. Upan entering the bar 
casting zone 100, the molten met.al 64 ia 

35 completely molten but quickly a ahall 102 
aolidifias on the outaide eclgea of the molten 
metal to start to form the metallic bar. Beat 
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is transferred from the aol!\U.fy:lng molten metal 

through the belts 12 and 14,' which are cooled by 

cooling·J:tars 70 and 72. As that occurli, the 

:molten metal solidifies frad the outside in to 
S form a·aolid. shell portion 102, a'muahy zone 104 

and a-moi_ten center zone ·10&~ As the.bar movea 

through the bar casting zone·100, heat is 

continued to be removed frc:lll1 the molten metal, 

and. the bar continues to aoiic:Ufy. The 
10 charac-teriatic V-ahape (or ._) ia formed in 

the bar··· casting zone by the 'boundaries between 

the solid shell portion 102, the muahy zone 104 

and the liquid center zone l;06. The bar 110 

becomes completely solid. and then exits the bar 
15 caster 10 for further proceaaing, such aa shape 

rolling =···cutting into straight pieces. The 

exit temperature is preferably in the range of 

aoo• to 1000°~. 
Holten aluminum caa be cast into 

20 aluminum bar by using the eaater of the 
invention. Although any aldinum alloy can be 

caat, the moat likely alloylt for bar casters 
ec:mua from the following Aluminum Association 
desigziations: 2m, 3DX, 4m, sm, 6XXX and 

25 7XXX. The bar caster 10 is especially effective 
for the so-callee! •hard. alleys• (2XXX, 4XXX, 
6XXX and 1m·a1loya) which:iimply could. not be 

cast using prior art contin;r&ua bar casting 
apparatus·aa method.a becauai-' of their long 

30 freezing ~ange. '!he generally vertical bar 

caster provides a metal helitPl:bat facilitates 
excellent molten metal to bit1t contact and 
excellent molten aetal feed:<tiver the entire 

cross-section during initial ao1idification. 

35 This facilitates a short JllUihy zone. The 
generally vertical bar caa~llr inherently has 
equal aol:l.clification of a11·, llidea. Purthermore, 
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clue to th• d.t1aign of the cool~:~••lea, 
excellent belt to bar contact~ ia maintained.. . ; . .· . . · .. '·· ..... ···. . . . 

Tbeae all l'ad. to a_n.excellent:paat ~ar product 

wb.ic:sh min~••'-' the .p~lem.a. a·••~c:ia~ed. with 
5 other ~aat ·l>ar prociuct~, au.ch ,-a• •urface 

1:1.quat:l.on•· and. centerl!Jl.tt' •esrrq•t:Lcm, • 

. ID:. p~e~ .. fo~ngof ·'*• J:)ar there are 
several cr:L tlaal .·elements . w!i~c.h··· ~t be .... 
cont~olled. •. l'irat,_ the b~.l.ta .. -.._t .be rea:Lated 

10 from distorting upon first c:~g, ~to· .contact 
•. . • ,,r ·: ·' •• ..• ·-. 

15 

w:L.th the molten. metal from the·: nossle 6f. Zf . .· . :•. : . . . ~. •, . . 

waves or other ci:L•tortiona (Jm~.in-the .art as 
•buckling•) of th41_belta occµJ:", thia can 
adversely .affect au:i-face · qualit:Y• . s:eccm41y, aa 
the bar .. aol:l.d.ifi••·· .·the belt auat· •inta:l.n 
intimate conta~t. therewith- in or~er·::to· reaiat 
air gapa from be:Lnv create~ l>.•~P the belt and. 
the bar. Thia w:l.11 prevent r-.e:L~:Lng of the 
part:l.al:J.y aol:l.d.ified. abell. .. • ~· remelting 

20 causes a defect called. surface liqua~iona. 
Also, there must be •ff~ci-.nt.heat transfer from 
the solidifying bar thr~h th•,b•lt. Thia will 
enban.ce the aetallurg"ical qua:J.itiea-of·th• bar 
hand. m:l.ll:l.m:l.se such 1:h:l.Dgaaucb as c~terlina 

25 segregation. 
The de11iS1D of the.c:ool~ bar-70, 72 

reaista distortion of th• bel~a .12, 14 when the 
molten .. tal enters the bar caating.sone 100 and . ... . . . . . . : 

al110 maint•in• intimate . contac.t on .. •. tb.•. 
30 solidifying bar. R~ferr.µig tC'-l'i~es 8 and 9, 

cooling bar~· 70 (which ia a~lar-to 
cooling bar .. ._. 72 ao only. one will be 

explained. in d..etail) · ia. a holl• at:ructure 
having a cooling wall 200 wbi.ch faces the 

35 cooling aurface 12b of .bel~ ~2· ·Coolant (such 
aa water) ia intz.-oduced. fZ'Qlll:· a cool~t source 
(not shown) ·into manifold. '74 •... '?he manifold 72 

c 
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ia allowzl positioned centrally in the cooling bar 

mean• 70 although it will be appreciated that it 

can be placed in different positions. Coolant 

ia au.pplied at about 40-60 pai ancl fills the 

S hollow eavity 208 fo:r:mad by the walls of the 

cooliD9' bar m.aana 70. 
The cooling wall 200 .baa a plurality 

of generally ciraular nozzle• such aa nozzle 

218, aa can beat be aeen in Figure 8. As ean be 

10 aean in Pigure 9, the nozzles each define a 

paaaagaway 223 located centrally therein ancl 

terminating at an arifiee 223a which produces a 

jet of water directed at the eooling surfaee 12b 

of the belt 12. 

15 The coolant exits the cooling bar 

m.eana by going in.to chamlela 230 (Pigurea 8 ancl 

9) defined by the nozzles and then being drawn 

off by gravity and alao by tbe aid of the vacuum 

means 240 ahown in Pigure 9. The vacuum means 

20 240 consists of a housing JllO'UDted to the back 

side of the cooling bar meuaa 70. A vacuum from 

a vacuum supply source (not ahown.) draws the 

coolant away from the coolizlg bar means 70 

through outlet pipes 242, 244 by creating a 

25 vacu,_ inside the vacmm meaaa 240 through 

outlet pipes 242 and 244. 
Zn order to reaiat·belt distortion 

near the upper portion of die bar caatinsr zone 

100, the nozzles in the uppes portion are 

30 configured aa ahowD in Piguse 10. The nozzles 

have a concave guiding sur!aae 250 and a flat 

rim 252. '!he distance J:»etween the flat. rim 252 

and the eooling surface of tile belt 12b must be 

leas than the distance between the orifice 223a 

35 and the cooling surface of tile belt 12b. The 

pref erred 4:1.atance between tile rim 252 and the 

cooling·aide of the belt 12., ia on.e sixteenth of 
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an inch (1/16•). or l•••• ·. A ·jet. of water 254 
travel.a through the paaaag-y 223. '1Uld.. mdta the 
orifice 223a anci . nirla aa .ahowD. ·in. l'igure 10 to 
create a liqgic:l film 260 upon which. the belt·12 

5 moves. :Ct will be·appreciat•d tbat coolant must 
also be maintained in area above.the.nozzle 250 
ahoWD in·Pigure 10 in order to llave the vacuum V 
created by nozzle 250. Becauae .. of the depth of 
the concave guic:ling surf ace, the diameter of 4:he 

10 orifice 250, the. diatance .. betwe• the rim of the 
rim :252 and the coolingaurface 12b of the belt 
anci 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 .llhown by.arrow v. The 
vacuum preaaure .. holcla the .. belt·in ·a·. planar 
position, ao tbat))elt diatortioll:ia minimized. 
The vacuum arrow V iaalso shown·~ Pigure 7A. 

20 
As the ba:r; movea throu.gh the casting 

zone, leaa vacuum preaailre is needed, thua 
concave guiding surface• are not .· aa. deep. 

the 
Thia 

can be shown in .:rigure 11 whicm , ahowll .. the 
nozzles at a mid-portion of· the cooling bar 

means. The reference number• in Pigure:ll point 
25 to similar feature• aa are shown :Ln Pigure 10 

only with an •a• ·aubacript •. · Juat before the 
metal·tota11y.aolidifiea in the ba:r; casting 
zone, the vacuum is not neededat·all, anci iD 
fact, a poaitivepreaaure ia·n•eded to maintain 

30 belt contact on the aolidifyiag bar in order to 
maintain contact with the bar becaua• it ia 
contracting iD size aa it aolidifi••· 'l'hua, aa 
ahOwzl in l'igure 12, (in which aimilar features 
aa are shown iD l'igure 10 are .. indicated by a •b 11 

35 au:bacript) which.ahowil the nozzle• at a lower 
portion of the cooling bar means, the pidiDg 
aurfacea are generally flat, anci thus a positive 

( 
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pressure P fraa the jet of water :I.a exerted on 

the coo1i1NJ surface of the Jtel t in order to move 

tbe !:»alt into contact witb.aolid bar. The 

diameter of the orifice, al:itdaough ah.own 

S unchanged from the orif :l.ce diameter in the upper 

section, aan also be decreased to create a 

greater preaaure. '1'h.e preaaure arrow P is also 

ah.own in Pigure 7D. 

lt will be appreciated tlaat by 

10 chlmgia.g the depth of the gu:Lding surfaces and 

the diameter of tbe orifices, the vacuum and 

pressure forces on the belts can be altered. 

'l'h.ua, the vertical bar casttar 10 can be used 

successfully to cast different alloys having 

15 different solidification rates. Also, th.a beat 

transfer in the caster can be more effectively 

controlled th.118 leading to higher quality cast 

bar. 
. Th.a method of t:h.e' invention comprises 

20 providing a vertica1 bar caster as sh.own in 

l'igurea 1·12 and aolidifyizlW the molten metal 

supplied in the bar caster id.a. a bar casting zone 

defined by the casting sur~es of the belts and 

the dam blocks. 
25 The generally ve~tical bar caster 

proviclea several benefits over prior art 

cont.inuoua bar casting -alulnea. Because the 

casting process ia vertical, metallostatic head 

is used. The aeta1 Jaead pt:O'V'idea an excellent 

30 m.o1 ten. metal to be1t con~ pressure and 

excellent molten metal £ee4·dur.ing initial 

solidification. This aids in making the mushy 

zone length as short as poaaible (see Figure 7). 

The bar aoliclif ies equal1y on both aides and due 

35 to the cooling bar deaig:a., exce1lent metal to 

belt contact is maintained throughout the bar 

casting zone. This makes for an excellent cast 
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product in which aurface 1:1.qaationa aDd 

centerline ••srresration are mtn:lmized. The belts 
provide· azi·ezcellent heat tranafer mechanism and 
do not: need ·to be coated, preheated or 

5 lubricated. ·· ., 
:r:t w:l.11 be appreciated that: although 

emphasis throughout the apeoific:•t:l.on has 
focussed on casting molten alua:l.num, other 
molten metal• auch aa, for ez•mple, copper, 

10 zinc, at:eel and lead, could be caat: using the 
bar caat:er of the invention and. the. ·method of 
the invention. The invention alao contemplates 
a cast metal bar made by .the,met:hOd of .the 
invention and a caat aluminum bar· made by the 

15 method of the invention. 
:r:t will be •ppreciat:ed that a vertical 

bar caster and an aaaociat:edmet:hOdhave been 
provided wherein the vertical bar caater 
produces metallic bar frammolten metal and an 

20 asaoc:l.ated·metallic bar product. 
While specif ~c embodimeDts of the 

invent::l.on have been disclosed, it: w:l.11 be 
appreciated by thoae ak:l.lled in the art that: 
varioUll modif :l.cat:iona and alteration• to those 

25 det:aila'could be d.,,eloped•inlight of the 
overall teach:l.Dga of the disclosure. 
Accordingly, the particular arrangements 
diacloaed are meant: to be :l.lluat:rative ·only and 
not limiting •a• t:o the scope of the.invention 

30 which :I.a to be given the full breadth of the 
appended claimll .and any and all equivalents 
thereof. 
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1. A generally vertical caster (10) for 
caating molten metal (64) into .. tallic bar 
(110), aaid caster comprising: 

a pair of movable opposed belts (12, 
14), •ach of said belta·having a casting surface 
(12a, 14a) and a cooling surface (12b, 14b) 
opposite said casting surface, 

a pair of movable opposed dam block 
10 means (30, 32), said dam block means including a 

plurality of dam blocks (34, 36) having one end 
mounted to an. orbiting support (43, ~44) and a 
casting surface (34a, 36a) opposite said mounted 

15 
end; 

said casting surfaces of aaid belts 
and said casting surfaces of said dam blocks 
defining a bar caat:lng zone (100) for 
solidifying said molten metal into said metallic 
har; and 

20 cooling bar mean.a (70, 72) for cooling 
said helta while aaid ~alts paas through said 
bar casting zone, whereby said molten metal is 
aolidif ied into said metallic bar in said har 
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 aaid belts, said cooling wall having 
a plurality of nozzles (218), each of aaid 

30 noszlea de!iniDg a paaaageway (223) teZ'minating 
in an orifice (223a) which pr:.ocluces a jet (254) 
of said coolant directed at aaid cooling surf ace 
of said belt. 

35 

3. 'rhe caster of claim 2, wherein 
aaid bar caating son.a has an upper 

portion and a lower portion1 
said cooling wall ..__an upper section 

11111111111111111111111111101 
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d:lapoaed adjacent aa:ld upper portion of aaid bar 
caat:l.Dg zone and a lower aection diap~aed 
adjacent aaid lower portion of aaid bar casting 
ZODeJ and 

5 aaid nozzle• diapoaed i!zl aaid upper 
aection of aaid cooling wall are/cmtatructed and 
arrang~d ao that aaid :le_t of coolant create• a 
vacuum (V) to pull aaid belt toward aaid coolirig 
wall such tb.at belt diatortion :la reaiated and 

10 aaid nozzles cliaposed in aaicllower section of 
aaid cooling wai.l are coilatructedand arranged 
ao that aaid jet of coolant create• a preaaure 
(P) ·to puah aaid belt away from ·aaid coolirig · 
wall such that intimate aurface-to-aurface 

15 contact between aaid caating·aurfacea of said 
belt and aaid solidifying molten metal :la 
maintained throughout aaidbar caat:l.D.g zone • 

"· . '?he caater of claim 3, wl:Lere:l.D 
said nozzle• are spaced apart from 

20 · each other ao as to define cbennels (230) for 
said coolant to be drained from said coolirig 
wall1 and. 

25 

said drained coolant is removed from 
said bar caster by vacuum meana (240). 

5. The caater of claia 4·, wherein 
at leaat aome of aaid nozzles have a 

concaveguidil'ig surface (250) which face aaid 
cooling surface of aaid belt, aaid paaaageway 
being diapoaed generally centrally in aaid 

30 guiding surface, whereby aaicl coolant fozma a 
liquid film (260) OD which aaid belt travels 
while said belt movea through aaid bar caating 
zone. 

35 

6. 'l'he caster of claim S, wherein 
aaid guiding surface includes a rim 

(252) having a generally planar surface, aaid 
planar aurf ace being generally parallel to said 

111111,1111~ ff~l/11(11//lf/ • 
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cooling surface of aaid belt. 

7 • The caster of claim 1, wherein 

.said bar casting zone is generally 

rectangular in cross-aection having a first 

S dimension (Pl) and a aecODd'dimeaaion, said 

second d:bumaion (P2) being between about 50% to 

400% of said first dimension. 

8. The caster of claim 7, wherein 

said bar casting son.a is formed by a 

10 portion. of said casting surface of aaid belt and 

said clam. block; aDd 

the dimension of aaid bar casting zone 

f ozmed by said portion of .. id casting surface 

of said belt ia greater than the dimension of 

15 said bar casting zone fozmed by said dam block. 

9. The caster of claim 1, whereiza 

said casting surface of said dam 

blocks haa at least one slit (34b, 34c) for 

accommodating thermal expansion of said dam 

20 block. 
10. The caster of claim 1, includizag 

said bar casting zone havizag an upper 

portion and a lower portioa.1 anc1 
molten met:al supply aeans diaposed 

25 above said upper-portion. of aaid bar casting 

zone, said molten metal supply means including a 

tUDClish (60) for holding said molten metal which 

:I.a to be delivered. t.o aaid;'bar casting zone. 

11. The caster of c-laim 10, including 

30 separate means fee moving each of said 

35 

belts into said bar casting ZODe, each of said 

moving means comprising: 
a first roll (20, 24) diaposecl 

above said bar caat:l.ng zona1 
a saccmd roll (22, 26) disposed 

below said bar casting zoneJ 
a belt support shoe (JO, 92) for 

l llltlll \l\ll\ lllll lllll l\ llll 
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guiding and supporting aaid belt after aaid belt 
travels over said f irat roll but before said 
belt reac:hea -aa_id. upper portion of aaid. bar 
casting.zone, said belt support aboe d.efiniDSJ a 

5 apace created. above aaid. bar aaauiilg zone which 
ia greater than the d.iatance--between aa:Ld. belta 
so that (i) molten metal head pressure for aaid. 
molten metal which is d.eliver•d into said bar 
caatiDSJ zon• can be ad.juated.1 (ii) ancillary• 

10 apparatus (94,-95) can fit in aaid:apace; and 
(iii) said cooling bar mean• can be positioned 

more nearly adjacent the point where aaid molten 
c 

metal firat enters aaid bar caatiDSJZODee 
12. _ The caster of claim 11, wherein said 

15 belta are endleaa belta. 
13 • The _caster of claim 11, wherein 

aaid ancillary apparatus include• 
induction heating means (94, 95) diapoaed. in 
aaid. apace for heating aaid. belta before aaid. 

20 belts enter aaid. bar caatiDSJ zone. 
14. _The caater of claim 10, wherein 

aaid tUndillh include• a f eed.ing tip 
(66) for feediDg molten aetal iDto aa:l.d bar 
casting zone, aa:l.d feediDSJ tip having a portion 

25 dispoaed iD aaid bar casting zQJae1 &Dd 

aprizlg biased sealing mean• (80, 81, 
82, 83) for biaa:l.ng aaid. belt into.iDt!mate 
aurfaae-to-aurfacecontactwith aaicl feeding tip 
ao that aa:l.d. molten aetal :l.a.reaiated. fram 

30 leakiDSJ fram aaid bar casting zone. 
15. The caater of claim 1, wherein 

each of aaid. dam block mea11a comprises 
(i) a frame (45, 46)1 (ii) an enclleas chain 
adapted. to orbit aaid frame (43, 44); (iii) dam 

35 blocks (34, 36) mowited on said. endless chain; 
and (iv) motor mean• to orbit aaid chain, 
whereby aaid dam block means are ael~ powered. 

1111111111111111111 ~Im 111\11 · 
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16. 'rile caster of claim 1, wherein 
each of said dam. block means comprises 

a plurality of dam. blocks mounted on one of said 

belts, whereby said dam blocks travel with said 
5 belt to form said bar casting zoae. 

17. A method of casting molten metal into 

metallic bar, said method comprising: 
provid.izlg a generally vertical bar 

caster (10) including (i) a pair of movable 
10 belts (12, 14), each of said belts having a 

casting surface (12a, 14a) and a cooling surface 
(12b, 14b} opposite said casting surface; (ii) a 
pair of movable clam block means (30, 32), said 
dam block means including a plurality of dam 

15 blocks (34, 36) having an 8Dd 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; an.d 

20 solidifying said molten metal in a bar 

25 . 

casting zone (100) defined by said casting 
surfaces of said belts and said casting surfaces 
.of said dam blocks to form said metallic bar. 
18. The method of claim 17, including 

employing aluminum as said molten 

:metal. 
19. The method of claim 18, including 

employing molten aluminum selected 
frc:m tbe group consisting of 2:XXX, 3XXX, 4XXX, 

30 sm, EiXXX and 7XXX alumimm alloys. 
20. The method of claim 18, including 

beating 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 19. 
------ ---


