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3. Por msehines of ihe Coneast Eroup, Pig.2 shows iypieal meuly tenmage retes for
varicus sqwase suetions %ast ot srveral difforent Plants, wiilet Pig.V shows ¢
*uivalent easting speeds and sorrespending single-meuld feamage retes for square

sertions renging 2 - 12 4. '4a site. These diagreme ape doseribed more fully ol govheore®.

34. Omes the section aise or 3805 for & e preduction pleat have boon docsded and
MUl tomnage retos decormined, sertess streightforvard prectice) senstideretions can

D¢ combined to vesolve the most suitadle relaticaship botweon the mumber of wehines
vequired, mumber of strands por maching, ladle capseity, number amd odise of stevluahing
fuineces sad the aniieipited anpve) owipit. . nintem initiel tavestoent ¢opt rempatibl~
vith ninirised eperating costs, reliadility of eperaticn wader soutine conditicns

®nd the production of geed €211y, are ¢ eriteria % vhieh the possible sendinetions
1nm-uvne..§w.u»1m. - |

33. T ladde MY be of the botien-pour op Hp-pour type; e theioe of whieh rpe

¢ odrps 1, 1ikely %o remnin semovheat eontreversic) for yoars to oome. Current)y

there 15 & marked tendoncy to profer botion-pour ladles, although lip-pécr ladl.s

Mve wsetui ut,'ﬁtq.n, &y Jeserided olnitcnz by the auther., Poy SRY now prejeet,
both Wpes of ladle should thorefere be semstdered 13 sontent Defore taking & #ipa:

dacieion. The 1’aits of Pouring time for desigu purpeses Ore 43 mins. aad 73 mias. for
beoiiom- and iip-pour ladles n»oetﬁoly. Up-panr 1er1es ™Yy allev the tdeption of

& zaskine wih fewey striads fer v given ledle o7 furmaee eity, cr ¢ lerger mebins
threughput apa.city for o relatively smll mmlti~gtraaded seetien. Lakowise,
oLo'irg of very small sections ¢ Mgy spoeds 1s mrye adveatageens frem UHp pouy
ladles due antaly to greator flexibility and greater sscurencs of Mgh yields. 0n the
other hamt, the actusl Jouring time night Purposely be chosen relatively shert - sy,

of the omler of 3¢ 8ins., to 214 ia rith frequent ly tappiag L.D. vegsels - and o

boilea-peur ladle Sy well thea be preforved. Likewise, for the sasting of larpe seeticae
a-dlmmmcrvoqlupwnmw,n‘onlu“ehpumuzum '
12 the vame shop, the botren-pour Sosign 15 mere csavrenient .
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36. The decinion 0a the hind of ladle 10 Dest made in consultation vith the

maehine suppliors, since maay detaile of prective have to Do cheched, 0.g. the $ime
soquence of eperetions, and the ccourrence of umteowand delays cad emergemeios.

37. The mmber of strands or mulde instelled o operste 1a parallel om s mehine
Sy be oo muay os 8, maohines vith 1, 2 or 4 stizeads being more commen, although
maohines vith 8, 6 or oven ) strande onist.

38. Per o now machine, the nmber of stvends has to be chosen to cnsure thet, vwith
the sasting rate por msuld of the smallost sestion oschofuled %0 be cast, the contents
of the ladle are dispened of a & suitadle time. The latter, vhilet hoaving wper
1iaits as stipuleted doponding on the type of 1odle edopted, han neverthelese alee

%o bo related to the tapto=te) time of the steclmnking furmaces, or vessels. Machine
reet time botween saste, which mey vary fren lees thea 20 mins., as ot Dillingen

and Benteler, to abeut 1 he., secording to the rpe of plant and the foeilitien
ineluded, Moo to Do tahea imte recomnt ia miching machine eperaticns te the
froquensy of metal supply frem the fusmaces. 1Ia eddition, 1f the preducticn
programme invelves froquent sise changes oo the machines (moulds, reller aprens,
sprays, dumy bars aad contrel settings), entre precautions aze ncoded.

3%. Wen more then ene fusmace ia favelved, eporaticns should be planncd waing
time-base soquence charts, sinee "tguffie” prodlems vith ladles, tundishes and eranes,
as well co delays st the mnehines and furnsess have to be oliminated as fag as
possidle.

40. Ais & mude, for ¢ given ammm] tagget teanage, schemes Dased on the wee of the
amellest suitadle nmber of furmees and the mallest sumber of mehine strsads
eperating por cast rensistent vith obtaining reassasdle tine mrgine ia the oporations
are wsmlly the msot cconsmie. mm.tmmmm-nummu
may net slways Do the best selutics, sinse s machine vith & lazge aumbor of rends
might 1hen be necded and ealy be uoed &t censtderadle intervals. Tve smaller
furncees and one machine with holf the smber of streads night will be meye coonsnde
for the seme ammmal temncge .

41, The fevegoing eensiderations SPPly oqually to curved mould mehines.

42. 1t remuins te be meted that the tvend tewuyde lerger machine ladle oapasitfes
continues. Curreatly, the largest lip-pour ladlee are enpleyed ot Lpploty ~Fredinghan,
(200 tea capseity); the largest bottem-pour 1adles in wee aze 140 ten in eapacity,

at Dometsk, whilst 300 tea ocpasity bettem—pour 1adles vill be ueed oa the é-strend
Comnccst Compact ourved mould machine %o bo iastalled ot Mtfemsl Steel's Voirtes plant .




STEEL SY.P.1963/
TECHNICAL PAPER/.16
-

43. Likewiss, the casmel pleat produetion levels also continue to inerense,
0.8+ the Yoirtea plant hes o definite. target production .of 1 mill ,,tgnp/m, vhilst
Plaats olsevhere of li-tll.-.hu/m, -ond still greater, .are being planmed. .t
0o other end of-the seale, plants with ocapacities as lov cs, say, 50,000 tons/annem
of small billets are quite fecsible, cad even cpprecicdly :lower, depending on
oonditiens., - . . A . : v
44. Comtimweua canting in coumended to both ostablighed and about~to~be-developed
steel plante. by i4s sd-antages. These .are neinly as followss -
(s) Compared: with ingot certing, the process is bosed on more
. #8a8dardized procedure 6ad thorefors allovs improved cemtrel; b
bedng less of en ert, it is move veliable for the. mdmiu 5
of.-good quclity product on o routine basis. .
(d) The avercge 1evel of yield 1s high, e.g. typical Works
Steaderd levels of aboﬂ--’ﬁ:mﬁeﬂ,linod; gonerclly the
daerecss in. sverage yield is. of $he order of 6 - m and this
leeds direetly 4o.reduced operating costs, reduced screp re~
@eling £nd. reduced fuel consumption. .- A
(0) Wailet lerge orepa~-reotions ean be. acet, small pections down
%o 2 in.0q. cca clso de produced, . eldminasing or reducing the
Boed for heavy primery rolling mill, or foxging, operctions
(€) The quality of the oost mterial produced is miform aad good;
‘often onst. produet °an Le. transferred to the rolling mills vith
1483)e or no surfoce Qressing, whilst for stoinless and oM |
quality gteeln, vhere .apecinl dpmu of surface finish are
reguired in the ultimnte product, the cnount of surface dressing
ecn be much reduced by the edoption of special Procedures cad
() The cast prodnet is virtuwlly r.rog_..',qi,’, RecTo-segregetion and i.'
i%s moa-metallie inolusion content is similer to that of good
¢lean siesis ingot steel, and frequently tends 10 be lower, .
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(x)

(1)

(m)

The cast product 1s cmtnently mitsdle to the direet opplicstisa
of severe defersatien 1a relling, ferging and ether het-work.

“eperations, vhilst ite geod regulsr shope cad surfaee conditien,

sad the unifermity of its "spreid® in relling, tend 4o result

™ smeother rolling eperations cad fewer "oedbles" at the mills.

The copitsl investaent for plants fully installed and ready te
eperate is relatively low, - R : N .
Precess operating ceste, whem proper cttention is givea to dostigm
end plonning, ore olse lew, and thus meke possidle the installattien
of plant for much lover ammwnl tenncges than ean othorvise usually
be justified, or result in mojor savings eam higher tonmege pleat.
Muohine opiuttonc can be autemated.

Beocause of the ncture of the process, ¢ seheduled furmase chagge
mey well be tapped, ouist aud deliverd threugh te the relling mills
in o relatively short peried, thus apprecicbly redueing eversll
werks production time ond clloving faster preduet delivery times
and redused copital investment for mterials being precessed.

Cost preduct can be delivered nearly hot emeugh for relling and

in & suitedle mammer for direet transter te rolling mills or
forges, alleviag the peseidility of additiomal savings o be
achieved on reduced peheeting prier to het vorking,

The precess can be used for the predustion of almest all the
ordinary steel qualities or their oquivalents, dut alée leads
itself te the preduction of the mere diffieult qualities,
imeluding stesls vhich, preduced &5 statio ingets, are difficuls
te hot-vork, and steels relasively high in alloy ‘elements Mving

® high ffinity for exygen; slse %o the preduction of aev ypes
of stesl, o.g. those sentoining fugitive alleye.

Vhere new -tnlnkhg sctivity i, Ploaned, the wecess is Cn’n'
suited to the initial establishment of smell tennage plasts,

&¢ well os large temnage ones, and the capaeity of mev plents

oea be built up by the progressive installation of casting
machines, or strends, as markets aye established and the
production requirement expands,
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CONCART. CURYED NOULD MACHINES

43, The first installation of this type, Figs.4 and 5, wos developed et
A.G. der Von lioos'sohen Eisenwerke of Luoerne, Switserlamd, by Dr. E. Schneckenburger

end Mr. C. Kiing, ond hos been used sinoe April 1963 mainly for the oasting of 3 3/8 in.sq

billets. Beoause of their important ndvantuges, machines of this type - known as the
Concast Model 'S' or Compeot machines ~ are being built in preference to verticel
straight mould/stroight sprey machines by Concast 4.G. of Zurich, and Conoost Ino.

of New York. .s indjonted in Table 3, o wide range of seotion sizes is elresdy
being oovered and operations are plenned with lodle capacities up to 300 tons.

46. The method is based on the use of & water-cooled mould which, instecd of being
straight walled from top to bottom, is lomgitudinally ourved, or radiused to one
side, end is mounted on & laterel redius arm or on ourved guides so that it is not
only supported but can be reciproocted coinoidentelly with the path of its curvature.
The curved mould is held in ¢ near-vertiocl position and the oast seotien, during
extréotion from the mould ocvity sad emergence into the sproy system, follows the
curveture imposed on it during initdal solidifiostion of ite 'skin' or 'vell' fn

the mould. .

47. Below the mould the woter aproys ore grouped eround o ourved roller apren, or
guide reller poth of the same curvature, so thet the emerging section is supperted
and made to follow this curveture through the whole curved length of the sproy some.
The latter is arrcnged to approximate to o quadront aro so thet on omerging frem the
spray sone the section is trovelling virtually in the horizontal direotieam and -can

be made to poss through o vithdrawal roll group consisting of ot least two roll pairs,
preferably th-er pairs or more. The withdrewc) roll group aots nlso as o streightening
roll set and the section is discharged therefron clong & horisontal roller treck te
o cut-off station, where it ean be cut to required lengths for further processing.

control_of P . .
48. The arrcagements for :u'pplytnc liquid metal to the mould are essentinlly similay
to those used on vertioel straight moulad machines, The metal oan be teemed from 8
bottom= or lip-pour ledle vie tundishes fitted with either stoppsred or plain peuring
nossles positioned to disoharge into the upper aperture of the cnrved mould. To
control the metal supply to the mould, and to mointoin the metal level within it,
either of the techniques - stopper oontrol or machine speed varietion - onn be used.
Ne.mel use is olso made of mould lubrioant oiling plates and of propane gos blankets
for protection of the metel agoinet oxidatien.

3
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49. The preferred teening arrangenents as adopted at Von Lioos' are shewn ia Mgby - -
a 5 ton eapacity bottm-pour ladle supplies a nou-stoppenl tundish vhieh “umcol

vertically into tne 33/8 in, sq. mould, manwal speed control bclag used to mintain-

nould metal level.

Maulds |

50, For small sections, up to about 43/ 4 in.sqe) tubular moulds are used, as at Vem
Noos', he mowld tube being preformed to tie required longitudimal eurvaturs, as -
shown in Fige7, and supported inside a likewisc suitably curved riould casing. Mewld
tubes are about 32 ins, long and have /4 im., thick walls for tube simes up ¢ 4 in.0q.
and 3/8 in, for larger sises. Corner radii are typieally l/4 in,, or 3a in. in the
larger sises. o
51. For larger sections, the yeonetry of the curved mould eavity remsins simiise, but
the preferred eonstruction of the mould is the 4=plate design, wherein eash wall
seasists of a copper plate bolted, or othervise tied back, onto steel hbasking plates,
the four walls being held tightly together to form the mould, Por medium and large
sections, nmﬁ designs of heavy -oud.block rnoulds eould, and no deubt will, alse
be used, but the preference is likely to remain for the 4eplate design. For the
mediwn/large seetions, and partisularly for the large/very large seetions, the meuld
savity, evea shough curved, is adventageously construeted with fairly nermal amounds
of mould taper so as to be smmller at its lower end by wp to 1{ per eent per side,
depending on the nould shape, its eonstrustion and the type of wetal to be east.

Baddus of Curvature

32, The radius of curvature of the mould is related in o first appremnimation to the

viaioun thickness of the seetion, or more yemerally to its dimemsion ia the redial
direction of eurvature, The radius of ourvature, 3, of the meuld sentreline and alee
of the spray sone for a machine specifionlly desigmed to east ou gim square nﬂi‘
of thickness, d, would probably be seleocted so that:e

Degree of curvature = 4_ /R = 0,015,

where d and K are in the same units,
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33. Similar to that of the Von lioos' machine, this degree of curvature is known to
be reliable for prastieal operations, and is often quoted alternatively as an
"escentricity" of 1550 Its actual value could, however, be chosen over o range; |
elearly, smaller values are possible, down to sero, which eorresponds to the ease of
vertierlly siraiziat moulds, and larger values, already known to be possible, may
eventually be adoptod under certein 'oondttionc, eege 2.0/ Or even 4:00  Most of the
sdvantages, hovlmver., already pertain with 1.5~ eccentrieity,

54 Im practice, o machire is usually required to cast a range of sectiom sises, and
the maehime is constructed to operato with a radiis of curvature [. raehine, to suit
the 'radial' dimension of the largest section cast, say, to suit 9largest. In other
vords, the fuietion:

;‘mu / Rooebine

vould apply. Furthermore, for all smaller seetion sises ecast on this mashine, the

required radius of cur-ature for the Recaeasary moulds and apreys would also be
Rmchino. '

= 00015' or lo,ﬂ’. say

55+ This simple consideration led Coneast to stendardise the design and eonstruetion
of the ewrvid mould mnschine into at least throe basic standard umeline sisea, as

follows te
. i, saquare LD
Type 1 63-120 "
Type 2 80-200 6 |
fype ) larger sines, To suit samism
' as speeiffed sine

36, hilst in no way diumtonmﬂm,f further doveloprent, nor altermative |
sonstrustions of advantaze for paﬂlcﬁla’r Vorks or site requireonsats, sweh
standardisa*ion has other olvious advantages, ineluding ninimising of imitial sachine
cos$ and the eost ¢ provision of spares, c.g. nould replacements,

57. Mould reciprocation arrangenents differ from those for vertieal straight meuld
maehines only in that the actual movement of the mould is strietly held to the
ourved path Qorunpondmg to the nmchine vracius of ourvature, This curved
resiproeative motion is mechanically more simple to ashieve sinee there is no need $o
include latoral "lost motiom" as in streight=line vertieal reeiprosation,
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58, As on the Von Noos' maeliine, the mould may simply be supperted at ome end of o '
horisontal redius erm whieh is pivoted at its other end at top platform level
substantially in line with the mould, Iy shaping it to pass below the top platsform
in the region between the pivot and the mould the radius arm can makke eomtast with a
double-acting type 3¢ 1 ratio cam, or other form of reciprocation drive deviee,
positioned on an auxiliary frawe just Lelow the top platform,

59. Stroke lemyths are chiosen, as for vertical straight mould practiee, 8o as b0
obtain reciprocation frequencios of the order of 6C-H0 sysles/min., at the expected
normal high casting speeds. Com speeds are related to the driven withdraval/
straightening roll specds so that each dowmward peripheral travel of the mould,
eurving with the seetion, is either synchronized to that of the sestiom (1.0, mo
negative strip used), or, as is preferred, is made slightly faster, (1.0, onsuring
megative strip). The latter econdition rakes possible tic high easting speeds
attainable on these Concast iachines for small and medium scetion sises,

60. Cams with other ratios, e.g. 2 ¢ 1, and otuer devices such as eceemtries or eremk
mochanisms with ratios of approx, 1 : 1 are, of course, possible., These altermative
stylos of reciproeation will le adopted progressively, especinlly where s$ill higher
casting speeds are sougit, liydraulic reciprocation devices may of eourse also be
used, whilst use of a radius arm to carry the mould mmy hesome rather oumbersome en
machines casting very large or thick sections and alternative mould swuppert equipmené,
including for example curved juides, can then be adopted.

Suryed Sprays

61, The tachine radius of curvature, mel\lm, whon defined by & givem eeeentrieity,
say 1459, for the largest section to be considered, almest sempletely deternines She
length of the curved spray sone below the moulds The main spray seme extends frem
imwedintely Lelow the lower ond of the mould to just ahead of the poimt of eatry iate
the withdrawal/straightening roll group, Iliemese, the length of the spray seme is
shorter than the quadrant arc length corresponding to the radius of eurvature, namely
';" . "oochine, or 1,57 x “machine, The sprays are more typieally 1,33 & Rwachine i

longth and the relationshi», vim

fmachine = 1 (spray length) = 0,75 (spray lemgth),
1.33

indicates hov the radius of eurvature correlates to the spray seme lemgth required.




TECHNICAL PAPER/3.16
page 17

62. Tue latier hos normelly to he constructed with increased length for the casting
of thicker sections and/or for casting at higher speeds, and these considerations
primarily doternine the magnitude of the radius of curvature and tha preferred
eccentricity level for thias type of machine,

63, The rollers forming the curved spray some path are carried on support frames and
may be locaicd to maintain comtact on all four sides or mainly on the upper and lower
sider, For smnll secticis, the rollers act rminly as guide rollers; for large

seciions, ospeciauy slabs, “he rollers form an apron proper to maintain section shape
as vell as to provide support.  Spray noszles are arranged between the rollers to
diract lpray witer onto the exposed surface of the rioving section in a manner similar
to that cdopted on vertical straight spray rmachines. Fig.8 shows the roller guides
and sprays during a oast on the Von ikoos' machine.

G4, .be distribution of spreys at the sides, top and bottom of the curving section is
rush that solidification of the seetion to the ceatre is uniforn on all sides and the

centre of solidification of a square Lillet, say, is geometrieally quite ocentral,
Mz o

‘2« Yo initiale casting of smell sections, use is made of a duxy bar, which nay he
ecustrucied az at Von ¥oos', of steel-reinforeed rubber. Deing flexible, it ecan be
irservad prior to casting through the withdrawal/straightening roll group and threaded
wp through the ecurved spray sone to the nould, Its short headpiece is constructed of
solid steel and can be pushed just into the bottom end of the mould. On withdrawal,
the dummy bar emerges horisontally from the roll group and is disconnected, together
with the initial discard portion of cast material, on weking the first eut. A
tcrdeney for tie reiniorced rubber duwmy bar to slip in the withdrawal rolls is
roltably eliminateld by atiaching a light wire rope to its leading end and tensioning

with an uﬁxuiary winch. Other dumy bar eonstructions are also available which have

T A 3] o
R T n i R i i i

By
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ndvantages in maciines casting large sectioms,

Yithdzgwal/l raieat ening Rolls

65, The withdrawal/straightening roll group performs the dual funetion of mintuining
vitidrawal and stroightening prior to discharge. On the Yon Moos' maehine, four
driven roll pairs are housed, ns seen in Fiyg. 9, in two rectangular frames = a lcwer

14
frame ocarrying four lower rolls grouped im a mear horizontal line, and a sinilar upper g
{rame four upper rolls. During casting, the frame with vhe four upper rolls, pivoting
about tho axis of its leading roll, is pressed down by a spring loaded ssddle sttached f
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to its discharge end vhilst the frame with the four lower rolls, fuleruning on the
axis of its discharge end roll, is likewise pressed upwards by a spring loaded saddle
positioned at its leading end. Using rwechaniszsed screw down gear, or, as at Von Moos',
mahual equipyment, these saddled springs can be loaded so as to bring the upper and
lower line~groups of rolls to bear cn the section opposite each other and so discharge
o straightened product. The drive to both the upper and lower rolls is from s single
input shaft, through distribution gears alony both aidn, or, as at Vom Moos', ome
side. The rolls may be internally water-cvoled or perhaps more effectively, as
preferred ot Von Hoos', externally ccoled by suitably positioned water Jots,
67. Other kinds of withdrawal roll assenblies to perform the same duty are of ecourse
possible; the Von Moos' design, however, has the considerable advantages of
conpactness, relative simplicity and high rigidity for minimun weight.

Drive Zqui: t
68, The main drive equipment on curved mould nachines is greatly sinplified whether
based on the use of AsC. or D,C. motors, meinly due to the disposition of the mashine
parts and beocuse only two wnin drives are required - that to the withdrawal/
straightening roll grouy and that to the reciprocating device. Two sujtably
synchronised D.,C. motors could he used, but the relative positions of the driven uwnits
below the tup platform conveniently facilitate a simple mechanieal intereonnection,
as secn in Fig.<4, and this is much preferred since only one main drive notor need them
be inatalleds  'ith the two drives mechenically interconnected, a single main drive
A«Ce notor coupled with intinitely varioble gear Loxes, as is done at Von loos', is as
effective and considerably less costly tuar the use of a D,C. motor.
69, The nmain drive units are mounted on on ouxiliary platforn, seen in Pig.5, below
the top platfornm of the ruchine and in line with the reciprocation meshanism on its
attached supporting frane. From the distribution gear box, a horisontal shaft drives
the reciprocation equipnent vhilst o vertical shaft deseeiids to the drivimg side and
interconnecting geurs of the withdrawal/straightening roll group.
1. cning and Discharje
70. The grouped withdraval/straightening rolls allow straightening of small/medium
oast sections at higher and nore Preciscly controlled temperatures tham on conventional
machines with discaarge hy hending - which is advantageous with certain high alloy
steelss The horizontal discharge facilities either manual or mechanised cutiing to

length of the product und its colleetion on hot bonks, or direct despateh to heat-
soaking furnaces and hot rolling nills,
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Iain ii.D. Halliday,
The United Steel Companies Ltd,, Sheffield, England

1. Not only for established steel industries, but also for localities where new
steelmaking activity is being developed for the first time, three pointa are salient
and important: : ' '
(a) Continuous casting, rather than ingot casting, is greatly to be
recommended as o result of its development in recent Years and on
ascount of its inherent advantuges, : :
(b) The new curved mould oasting process, developed by $he Concast group
~and dating only from LApril of this year (1963), brings further
practicsl advantages which are immedistely available by way of greatly
reduced initial costs, greater facility of application and inorsased
flexibility to production, thus enhansing the previous point, P
(e) Other current development work, which is almosd all still equally ;,
spplicsble to the new method, and the expanding use of the latter, |
will undoubtedly lead to further valuable advances in the near future,
and thus reinforce the above viows. '
2 ,Aotivﬁy, in the field of continuous casting for steel has lately been ssntred
largely on a broadening appliocation of the vertical straight mould process. The
method, as developed and practised at present, is concerned with the direct conversion
of the 1iquid metal by solidification to long continuous lengths of billet, bloom, or
slab seotions. The process of solidifioation is generally maintained in o vertical
straight-walled mould end by a vertical sone of secondary oooling water sprays below
the mould. The nev Concast method, based on casting with a curved mould and with o
curved seoondary cooling zone, oan also produce similar cast sections and also uses
many of the other techniques of the straight mould method, but she reduced machine
height, indioated in FPig.l1, and dhe resultant greater sonvenienoe and advantages
give inrreased industrial potential to the process. Hence, it is not surprising that,
slthough so recently introduced, the insiallation of curved mould machines is already
making rapid progress, in meny oases in preference to vertical straight mould

— e e e T U
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71, Multi-strang machines conveniently have the moulds, apron rollers and sprays of
each strand installed side by side, together with their individual reciprocating and
vithdrawal/straightening rc1l uaits and drives, Other ! Plan forms', e.g. backetoe-
back, square, or staggered-square arrangerenis, could be used, but tae side~by-gide
or 'in~line' layout is generally preferred, "

ligehine D;mn-;on-

72. Top platforn areas and the aisposition of ladle, tundishes, moulds and control .
equipnent hurdly differ from tiose currently adopted for straight mould machines with
the sune duty,

73, Curved mould reciaines, however, allow great savings in wachine height, Delow
the top platform the main support structure of the 1achine cad bo built, as indicated
in Figs.4 and 1, as a relatively siuple frame of alnost square, or roctangular,
construotion in the plane of curvature. The height of tho top platfom is only a

little nore than the radius of curvature of the machino, depending mainly on the height

of the withdrawal/straightening rcl} group above ground level,

T+ Coupared with similor duty vortical straight mould machines, e.g. in FPig.1, the
support tower and/or exeavated it of which containg three or more platforns, thg
Concast 'S type/Corpact eurved 1aould machines avoid the need to provide great orane
heights and expensive buildings or, alternctively, deop pits and expensive discharge
tachinery, In practice, the top platform heizht of a ourved mould mchine equates

to about 75 per eont - thooretically about 64 per cent ~ of the spray length height

of thoe equivalent vertical straight nould mechine, Allowing for the height of the
ladle and tundish, ete., the total saving in height is still very oonsiderable and the
machines can generally bo vasily sited in oxisting shops,

Uanaing

75. The reduced height and the elimination of individual vithdrawnl, bending and

stroightening equipnent rmko the operation of these machines oonsiderably easier than
that of the more conventional easy-to-operate vertical machines fitied with discharge
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76, Under siuilar produetion conditions, the mmaning Tequirements for machines with

1, 2 or 4 strands, however, is 1likely to remain vssentially similar to the requirensat
on vertical machines, although in certain cases one less ton may be possible 4a otewe
which range « - 12 in nunber, acoording to the nunder of strands, the degree of
mechanization and inclusive of the foreman, or shift¢ nanager, in oharge of the

machine,

ADDZED ADVANTAGES OF CURVED WOULD CASTING MACIIINZS

77, VWithout Coubt, Concast curved culd easting wmehimes provide feoportant edditiens)
advantages over those of the more conventional vertical straight nould cashines of
sinilar duty, These added advantages are as followss «

a. Under production conditions, the average yield fs 1ikely to prove a 1itele G
higher in iiost cases locause of the greater gemersi simplieity of dhe
uachines, '

b Decause of sroatly roduced height, the rmchines are more conveniewat to
install in oxisting relting shops and beneat) oxisting eranes; also, oa
new sites the oxpenditure on uildings and foundasions s cunsideradly
reduced,

¢ Certain mechanical features ere greatly sinplified, % ge the requirensats
for nould reciprocation, the combination of withdrawal and straightening
rolls, and tie reduced nmber of pagn drives, thus niutnhhg naintenanee,

d¢ The horisontal delivery of large Llooms and sladb sections {g greatly
facilitated by casting on o radius, since tie use of heavy bending
equiprient below thg wﬂhdmﬁnl rolls and the resultant heavy resction
stresscs ns in vertigo) stroight nould machines are OIMM

o The essentinlly aorizontal dischorge and the nore precisely comtrolled
high temperature aro idoal for the cireet transfer of prodwet 4o
subsequont srocesses, and fneilitato the discharge of certain high alloy
stecls,

fo Decousv of the reduced hedght, and nechanical sioplifications, the
initicl cost of uachines is ;reatly reduced - by as rmed ns 18 to 28
Per cent = and the total cost of o maehine orected and realy to operete,
feee with buildings and services on 8 green field site, ray de redused by

.Iics-
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1. A decision to tnke wp steel produetion and inelude contimmous casting on any
site must rest, of course, on the ecomenie nmd practical foasibility of the everall
schome, Continuous cnsting dves allow a orks to operste at lewr Sennage levels
than with statie ingot easting, or Demore esecmonie at higher tennage lovels, mainly
becnuse of the inkerently higher average yield und the wniform goed quality of
produet, coupled wiih the elinination of intewmediate operciions sueh as inget mould
stripping, ingot rehenting nnd heavy primery rolling. These fertures result i
wajor savings on imitinl invesinent cnd redweed operating costs. L
AC. .orvover, ecrtain otaer "tmnmedicte” rdvantages are alse affopded. Projected
performaneen at the enatiny mrehines cre likely to be attained at an earlier date

end to o more reliable rowtine, provided proper comiitions and goed plant design
based on experisnce of the process pertnin. Operators can be trained t¢ ren mathines
18 2 - 3 weoka and noon beeame oxperiemced in the operatien of their own partieular
Ploat, Initial covidssicaing pericds fur mew Lachines are nob loag and goed quality
produet is frequently mode fro: the very firat east. Teething trowbles, of sourse,
occur, but for the most mrt are not serivus, ond high average yields and geed

sackine perfornence arc wsuwelly ntinia-ole within a fairly shert time. The attainnent
of iaitinl preduction trrgets ney wall be nore dependent upon the perfermance of the
assoeinted newly inetnlled steelmckia, waits or rulling uills,

81, “hilst sueh short-torm rapeetn are fuportant, certein long=temm sonsiderations
should not be overlooked, Asswaing proper feasibility studies have been made in
regard to merkets, plant leeation, raw netericls, iwca“ou. ote., and the
practicadility oi inatignting develipment .7 eaprading has been confizmed, thea the
kind of produetion nnd wltimate tosnnges ompected, inoluding any internediate stages
of tonmnge expansion, nrc waed 4o elerify as far ns posaible the ultimate seheme and/
or 1t later stages nt the time of planaing the initinl stage. 1n this vay the
eharreter md enpacity of the initially installed equipment will net be severely at
varianee with the lnter installetions. This briefing of progressive expansticn of
capacity is valuwable in ensuring the mest suitable docisions are tnhen ia respeet of
the steelmaking furnaces nd rolling uills, ns well as the easting mashines, and often
saves imvestaent on plrat which later becomes loss suitable and shows hev expansien
may be fineneed out of enrmings es rogress is made, Judiciously applied, this can
lend to savings in foreign vunchange, where pertinent. here the potential predustien

is apprecinble, but diffieult to define 1a the yonrs ahead, sueh briefing is indeed
still verthwhile.
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82. Bvea althoagh casting machines, o8pecially curved mould machines, are low in cost
and economic to operste at relatively low output levels, the central connecting-1ini
Position of the Process between steelmaking and, say, hot rolling to semi-finished
produsts, demnnds sensibdle matching of operations between the three processes for
oach stage of development, idatching for optimum results has already been desoribed,
but sammarises in the main as follows -
8 0eleet one, or o fey Section sises which ellow adegquate hot work
reduetions in areq sccording to the size ond duty classifications of
$he final products ’ :
b ontimate the Bost practicndle number of machine strands casting the
omallest chosen Section to suit possidle ledle eapacities of either
pe; | |
o dotormine the capacity and smallest practicadle number of steelnaking
wmits $0 yield the required annual tonmnages, yet also matoh the ~ -
Shroughput Sonnage rate at one or more machines ;
4. oheock operational sequences on time-base charts for both maia
*quipment and auxiliaries » and ensure standby °Apacity if necessary, ¢
83. 1f plams are prepared on thege lines, it is then usually quite evident that
oentinucws casting can nfford ample flexibility under pProduction conditions at each

84, Froquently, ia the larger schenes, greator flexibility can be cbtained by
iastalling an *xtra machine which cau be brought inte operation at any time and
gives extra standby capacity should o major stoppage or mergency oceur on the other
mashine or machines. The extrs machine is often dosirable in itself since i oan
fesilitate Planned maintenance and the scheduling of gige changes ngainst production
progremmes, although it is not essential to the making of planned changes, nor
noeded for routine maintenance Arrangements. It may well transpire that the total
sumbey of strands, including the oxtrz machine, is 8til11 no greater than she tota)
sunber required perhaps bty other arrangements, because of greator general
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85, The inefficiency of excessive diversificotion, vhich may arise from o desire

to produce o wide variety of section sises from o given machine, should of eourse

be avoided, sachines caon be made to cnst o large pumber of section shapes and
sises, but it is usually preferable to imtull. o number uf machines ench equipped
to produce limited ronges of sections. .. wider degree of plant diversification

in respect of section sizes and their tomuonges con, vhere necessaryy then be obtained
(ngain due to improved machine availability), together with much greater flexibility
in programming production, 3etter mntching betwecn furnrces and mechines is thea
clearly possible and delays tor size changos cre largely nvoided.

86, here wide runges of section sizoes are envisagzed, such considerntions suggest
the establishment of operations classified according to mocre limited ranges of
gection sizes cast. Thus, orks or sections of ‘orks moy with cdvontage be centred
on the casting of particulor ranges of size and for a growing new industry this
aspoet een lead to gnins if considered on an anrea, regional or even notional basis.
The actual delineation of sige rauges con of course vary considerably and even
overlap. Grenter continuity of production and a fuller utilisation of machines
woald be the aimj the correlation of furnace and machine operations ¢ol elearly

be improved and so alsc will maghine production fit more closely into the rolling
mill progrnmmes.

37. Due to their lower initiel cost ond ense of installation, Consast sype surved
mould machines simplify olonning on the lines indicated, ond ollow still greater
efiiciency under practical production conditions,

FURTHE.. LE WENTS

88, Although continuous casting is o well fledged production proeess with sonsidersble
odvantnges, soveral further odvances are imminent, if not indeed already in wse.
Some of these nre mentioned below. A main point is that all these advanses can be
equally made use of with Concast=-type curved mould mochines and undowbtedly the

rate of application of such new possibilities will be accelerated by the incresningly
widor adoption of these machines.
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8. Apart from the trend towards larger ladles, the costing of larger sections and
improved machine construction alloving reductions in reset times between oasts ’
higher casting spevds to inorense mould cutput rate are likely to be ndopted in
Sases where larger lodles, or outputs per ccst, are sought, The pruduetion of
small sections in wmelting shops having large capacity furnnces hag renewed this
interest and outputs uwp to %0 per cent greater than Rormally specified have recently
been show ot Barrow to be feasible in the casting of, for example, 3 in.aq, billets,
o0

90. The casting of specinl shapes tc reduce the het work load at rolling millg
and even in forging has not been given mueh attention and the casting of hollow
sections has not been generally developed, Work in .tussin and elsewhore, and
advances in mould design, Suggest however, that 8pecielly shoped Scctions cnn be
produced, and Progress with the casting of hollow sections from vertical machines
is being made nt least ot one plant, |
9)  Suggestions that curved mould machines will nct be suitablo for the production
of these sections appear %o be unfounded although, as Yet, no evidence ocan be
quoted, '
92. The installation of o Concast 'S!/Compact tyoe machine fitted with g Teybridge
pe mould to cast 'corrugated'’ sections for later slitting or outting to square
billet shapes is doubtless also fonsidble, and would be une possible method of
simultanecusly Producing severpl Strands of billets which Tequire to be separated.
The main diffieulties with the method are likely to remein; as for g vorticq
machine of thigs type, heavy and costly slitting roll equipment is required and,
more important, the edges of the billets are likely to be less perfect,

Automotic Controls
93. The main automatic controls required for curved mould machinos are concerned
vith mould metal level contrcl and mechanised cutting to length, gquipment for the
laster is available in different forms at various plants vhilst, for the former,
& gamma~-ray scintillation counter equipment including self-start circuits, has been
in use for nvorai years at Berrow, both on the pllot and Production plants,
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94. There is no doubt thit ihe use £ rutcactic contr~ls will in time become stendard
equipment cn most produciion plants rnd thev, in ndliticn, more sovhisticeted
arrangemenis will be introduced. “or exraple. sutosciic sproy and cther ecntsols
are being tried out, “hilst th: use of putomatie e trcls mey in cortain ecases
allow reductions in the monning of the wcehines, thoas rro unlikely to be considerable
for some time to ecome. The mcin cdvaninge of such contrcls lies in the more precise
operation of the plant ond in ninimising the intiguc .f the operators, thus also
leading to grecter reliability,
93. The herisontal delivory of product from curved awould machines undoubtedly will
lead to further intcrest in tho tronsfer of product direetv tc the rolling mill.
Whilst reduced hnndling and reduced stocking #pace aceruw, the moin goin lies in
the considernble conservntion of heat, frhe meterinl delivered ircm the machimes
being nlmost nt rolling temperature cou be pnssed direct to heat-aoaking furnaces,
which may require tu rehcat the mo.terié.l, but at must only to the extent of %0
per cent of normel rchent roquirements, Alreadyan installation of this type exists at
Benteler, where slabs nre continuously cnst and dischnrged direct to o Sendsimir milld
through o tunnel furneace,
96, Vagious types of rolling mill, other than just continuous ones of the dorgan
or Sendsimir type, oculd be uperated to work in ta.ndoni in this way. The main
problens in such installantions concern integration of mochine output and mill intake
rotes nnd the practicnl issuvs which inevitnbly arise under production conditions
when delnys vocur., The provision of some hot stoeking copacity between mnchines
and mill is clearly nn ndvantage., Another prectiecel approach to conserving heat in
this nanner on pert of tho tonnage output will nlso be mode at Shelton.
97. Vhere nocessary, in specinl coses, continuous dressing of the sectionon also
be introduced before the materinl is finclly rolled,

Thin Sinbs | .
98. is wns peinted out sovercl yecrs aguy y almost ns high tonnage retes can be
obtained caating thin slabs cs thick oncsj in addition, since casting speeds are
generally higher, those soetions tend i have sucother surfoces. Another aspeoct
is thot mochine diuensions con be reducod os compared with similar tonnages on thicker
sections, The casting cf thin alobs of the orderof 3 - 4 ins, thick will, it seems,

gradually become more commun, especially whore direet rolling by continucus mills is.
contemplated,
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99. In thig Comnexion, ns nlgo for the nltiﬁrmung of other small sectiung,
Use may well be mnde of ol.ctro-magmtie stream guiding dovieos t, onsure clean
oatry of the motal into the mould during teenming, Squipment of this type,
developed by Schloemamx, hes baen in ygo et Beatelor for soie time,
Cast

1C0, Short cf the develupment of continuous steelncking, the urgo is indeed
oconsidernble ¢ nrrange for almogt non-stop produetion through o cnsting machine
vith ladles supplying metal t. it, one nfter chother. The gaing ore elearly
elmost complete elimination of mnchine roset tipme and furthor savings in yield
by eliminction of end discards, iachine designs aro availnble, allowing r, sequence
of ladles to be hnndled in turn withoyut interruptions jin pouring nud, nlthough
Some practical problems may arise with refrectories for certain stecls tor long
rungs, the method is awniting edoption fop production purposes, |
101. The mnin problem on o droduction jlant of this type would be tho meintenance
of a regular tepping cyele at the steolnoking units; L,», and nre furngee wits,
hesover, could conveniently pnd without diffioulty meet the scheduling requirements,
102, It is to be noted that two 140 top enpacity ladles have been teomed
sonsecutively nt Donetsk in fussia, nnd runs with up to 3 1ladles have been mode
a$ Benteler.

Vi
1C3. There is currently great intorest in the posaibility of combining continuovug
casting with voocuun degassing processes. Fcr the most part the intorest lies ia
casting metal degarsed by one of the known methods prior t, its transfer to the
casting machine, Cperations on thege lines are reported from Russin (Novo Lipetsk),
Beateler, and itlng Steels., .uethuds of continuously dogossing metal have from time
to time been also advocated and $his procedure ig reported to be under trial in
aussia,
104, Whilst tho former "uff the inachine " degassing methods nre fairly straightforward
$0 apply, provided degassing plant and casting mochinos eoxist on the same site, the
latter "on the machine" degossing methods undoubtedly will require pilot plant
development, The objectives of such work are essentinlly the further improvement
of cast product quality, and there is no doubt that in time both those mothods,
combined Possibly with other techniques, will 1ond not only to improved product
Quality but alsc to the produetion of new kinds of steel,

G oin
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105, 7ith or without the eXten goins of these furthor dovelopment, the continuoue
onating mothud for stoel heg bocouw ~ with the ndvont uf She ourved would mashime -
oh orsily instnlled, l.w ccst, high perfcmance preedss, ond, ns a rosuls, both
flexible ond easily diversified, Fop Large sceticns or small, fcr large produstion
outputs or amrl} tonnagos, fur common steels or 'super' onos » the process {s copbain
by its improved eecnomy ond grecter rolisbility t. bocome the key cperntion in the
line of ateol manufoetur. oind will inercasingly exort - rofound influence om the
future chorretor .. ¢ must stecl plants, both ostablishcd ~nd ¢o eome,

W8, It is shorefore o considerable privilege to be cble tu draw the ocrly atteméion
of those cuneerined in develeping new steel industrics in new localities to this
tahorently edvontageous, lmcet unavoidcble and, indeed, rothep thrilling prosess,
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3. The use of ourved mould machines, it seems, will largely supplant the sdoption
el vertical straight mould mechines over s wide range of applications. It is e
1little early yet tc pronounce how far in fact this far-reaching change will
cnoompass; the two methods are essentially complementary and the vertical straight
mould process will probably not disappear, but rather find its special role,

4+ The oxperience ail lessons learmt with the streight mould vertical meohines
will, of course, romain - es clso the mejority of the existing plants. By their
existence and performance these straight mould plants formulate no mesn achievement:
and indeed form the starting point in considering the application of continuous
casting in any lecality even where curved mould easting is likely tc be odcptod."

3. Thiz peper doels firstly, therefore, rainly with the straight mould vertical
process, before oxamining the curved mould Frocess Ir. some detnil and considering
the applicability of ve.a’inuous casting to nov steel production projects.

EXTENT OF PRZSENT APPLIC.TION '

6. The background of development of sontinuous casting for steel, as indicsted in
previous reviews in 1960 and 19612, 1ies in the pilot plamt work underteken alnost
onlirely since JYorld 7ar II and for the aost part within she last 10 years. The
mala orgnnizetions assooisted with dlese pilot plaubs and centres of devel opnent
aotivity, e.g. the Russian group, the BShler/Mannesmann/Demag group, the BISRA
group, and the Rossi/Concast group, s$ill condinue in active and leading positions
wvith further development and expanding the industrial application of the ”prooou in
rav produotion plents, In addition, certain new machine builders deriving much of
thelr intticl experience frem the major groups, have entered the field a8 separate

comcerns, notably: The Xoppers Company, the Oluson/iictaie oombination, and the new
orgnrizstions in Poland, Czechosl ovakia, eto, : e

T. . On the whole, the last 2 -. 3 years appear mainly to have been a period of
con:mlidation with work directed towerds process development tending to give way

te greater emphasis on the installation of new production plants, Navortlnl’o"u,' '
whilst development and refinemen’ of techanlques et the pilet plants has continued,
each nev produetion plant has in its turn ocntributed much to the further brosdening
of experience. The tnevecse in number of new preduction plants has been remarkable -
to be matoched in importance orfly by the advent of ovrved mould casting, and j»rh.pl |
also *y cnother notable change, namely, the quite videly preferred use of o
roaiproonting moulds, not enly <n almost ell the new prodwetion plents but even on
some of the older established unite, . o
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WL OF FIGURE CAPTIONS

Pig. 31 Comparison of Conesst eonventional vertical straight moudd/
sbraight spray moeline with discharge by bonding and Coneass
Compaet/!S' 4ype costing maochine with curved mould and

eurvod sproys,

Pig. 3¢ Typieal mould tonnage rates for various square sestions east
7 8% different plants’ of she Concast group, showing apparemt
aad oquivalent tonnage rate relatiomships. (lioinly carboa
steels,) .

Pig. 3¢+ Egquivclent casting spocds and single mould tonnage rasos for
squarc scctions ranging 2 - 12 ins. in sige. (Based on the
 Barrov standard for 2 in, square billets,) - - ,

Pig. 4t 8ide viow of 'S' typo curved mould/eurved sproy mashime at
A.G. der Von iioos'sehen Eisenworke, Lueerne, An operation
durting a cost, -

Pig. 53¢ Disehargc end view of 'S! type easting maehime at Vom since'!,
in operation during u cast,

Fig. 61  Bostdom~pour ladle and tundish teeming into mould om top
plasform of Von iioos' '§! tyre noehine,

Pig. Tt Curvod ecpper mould tube used for easting 3 3/8in, square .

billets on the Von woos' 'S¢ type maechine,

Pig, 8: B8ide view of ourved roller guide path and waser cooling
sproys during o east on the Von Lioos! 'S' type mashine,

Pig. 91 View lookiny down onto withdrawal/stroightening roll ‘
in operation and diseharging 3 3/8in. square billet horisemtally
during o cast on the Vun kiooa! '8! type ourved mould/eurved
spray ocasting machine, L
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8. In faot, the vertiocal straight moulad prooo.oa, 80 widely used at present, has
during the last two years or sc become considersbly more stereotyped. The
differences distinguishing ths pilet and early productien plants built by the
different groups have largely dissppeared, particularly those relating to mould
operation and the main control tnhniqupl'z of the procsss. Gone almost entirely

is the use of rigidly mounted vertical moulds in which successful and continued
extraction of the initially sclidificd section depended mainly on mould facs
lubrioation; likewise, moulds mounted on springs which ecould yield if sticking of
the seotion in the mould occurred are no longer favoured, and the ‘pauss and pull!
method of casting with rigidly mounted moulds has also virtually been abandoned.

The majority of cas$ing machines now in operation make use of vertical reciprocation
of $he moulds, either by the Junghans medhod, in which the mould descent speed is
synchronised to that of the section being cast, or according to the Barrow process
in wvhioch the mould is vertically reciprocated with negative strip, i.e, made to
desocend at & slightly faster speed than the sectien during the downstroke sc as %o
overtake the section by a smell amount, which is called the negative l‘.!'ip’.

9. On the other hand individual machines still 'nry considerably according %o

local site conditions and nroduction requirements, and s#ill retein maay of +he
individusl foatures, mainly eonstructionmal features, preferred as aids %0 smoother
operation by the different machins builders., Such .duicn details are of as vital
importancs as ovir %0 routins production operations and, of course, depend almost
entirely on the ﬂoo\.ulutod experience and "know how" of shose responsible for the ‘
design.

Existing Production Plants

10. The extent of Torld development of the process and some appreciation of the rate
of advancement in applying centinuous casting to steel production can most rapidly
be cbtained from s Vorld survey of sxisting and intended production plants. The
principal data of continuous cesting production plants known to exist or be under
construction contrasts throughgnt the Torld, as at 30th June, 1963, is listed in
Table 1. The total list amounts to at least 99 machines at 80 different plants or
sites; of these, there are 61 machines in operation and at least 38 under oonstrwotion,
and these machines include minimumotals of about 119 and 75 strands respectively.
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Madalixxieal .smetts

The sain netallurgicnl charasteristics of continucus cast material prodused on .
vertical straight veeiprecsating neuld nashines are sumerised for nermal shapes and
qualities. The sumeary applice alse to material predused by Comeast owrved meuld/
ouwrved spray casting nashines ef the '8% or OCompast {ypet-

(o) Zassstial Pesture

Coatinusus cast sections are Mlleds, bwu-xmmum
altornatives to stntic=cant ingete; being cant material, the sestions Fequire %o be
hot=weshed by relling, ferging or other meams, %0 Weak down the as=0ast stewstare to
Shat roquired for cngineering or other spplications,

(v Brwiegs

(1) Killed earben steels censist tgpleally of a very thin sub-atlereseystalitane
surfate lapee inside which columner orystals coowr with o conteal 2000 of oquianed
orystals. The depth of the columnar sone varies fren asbowd Sue-thisds %0 ene=fifth
of the surfase—contze distance, éeponding maianly on carben content; the oolummar
orystals are relatively shert for the higher carbeon steels and of finer temtare,
vhilst the oquianed evystal seme is cerrespondingly larger and alse of fines greia
sdse,

(18) Alley stecls shov Sheir own charasteristic variations ea this stewrtwre 45 o
siniles nemner a0 in orthoden dngete., Thus, lov cartes 10/8 Cr.Bi. stalaless stesl,
being austenitie (singie-phase), censints of colummer exystals reeshing almest to the
oontre and necting aleag the partiticn 1ines) oa the other hand, 8i.Mn, spriag steel
Mltpbdoﬂu'dulnﬂduudqd“w
() Sxaln Bise

o 1a statically cast ingete, clementes which coarscn the graia, o.g. molybdemmn,
produse relatively cearser erystal strwstures in centinucus cast meterial. In
ediitien, fine greined stecls can alse be produced vhere neccssery ly fooding alwminiwe
wire to the meuld during casting ot rates of wp %0 6 os./0en ¢f mstal sast.
(4) Not Yorh Reguirepest |
| (1) mwotMﬁMtutucoommwuuﬁo
otress Suly vhiech the finmal preduct has 4o meet, .rea redustions for killed stecls
of o 1east 8 1 1 are mormally needed for high duty purposes, aml preferably 10 : 1 ;%_,

f

e SRR T L
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i

for specially high duties. Reductions of abowt 6 3 1 are foasible for medium duties ’
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and fer cortain lov stress aprlications ebove ot lenst ¢ 5 ) Eoy seffiee, The king
crwwormummu, Mhnnuodntm alvays fesms the
starting peint in determining, ogainet these Mot redwtion Toequirenents, the siaiom
84800 of seetion whieh B be ecst 4n any pev nmlug casting peejoes,

(11) Stress Suty considerations for ferging are often aPpeeeicdly mere
tenplicated, ospesdally when the shape of the fing) rrodust ead 44 Pperational |
funstion are Semgplex. inalysis o2 the different wrkiag stresees withia o forged
shape eca then b, of advantage,

() Comtpol 7oresisy . .
4sssefated with 4, internal ap-0nnt stewsture of killed steels 4, & dofindte
ku-uyuoumnmdmtw. mmamu-_.m-muuu

steel eant, but car wuully be Pedused to o remaant tontrel lesscnces hardly oo jusy
Siseernidlo 1o W, °Y® by preper sttemtien te enoting oonditiong, partionleely
mininination of meta} Cmting temperatre and e vooling. ™y, lessonies or
Poresity weeally wide o 1a 1a, 41y stages of reliing but, vith seme Mg alley

(1) Neay hilled steejs, o.q. Pledn carben and lov alley #tecls, shev & merted
w-,uuumuuuu mall snifee mimuge owrfase pinbelos, vaish do ot gpour
o reduwre tho meshagjonl PEOPOrties of the fimal forged or Tolled predwst, but whieh
o affest the SPrearomse or 'brighiness! of drightefingahec bar qualities, simve they
POl 1n dark or itseolowred strem sarks, S

(1) 1% hao boen found posstny, 4 Barzev by spoeial teehaiques on o Toutine
beots to elimincte of 4 Tedues te megligible Properiiens the coeurrenee of Pinheles
in theso steels, o.5. for earbon stecls, fres piekled sample counmts ranging ” - 80
Piakoles por 3Geft. ond ovenm higher, 4o counts of 0 .. 2 pw'q.ﬂ., but Iully sevo,

ond rates of lubricant usage appear to have only a minor merginal effect on the
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11. “Then grouped sccording to origin, the total list of 99 machines can be
sumarized as follows: the Russian group, inclusive of countries wvithin the Sovied
sphere, comprises 18 mechines in operation and ot least 6 under construction, the.
lisnnesmann/Bvhler/Demag group totals 11 operating cnd at least 4 construecting,

vhilst the Rossi/Concest group have 2¢ cnd 17 machines in operstion and under
construction, respectively - sll at 30th June, 1963, In eddition, attributadle o
the others, nemely: Xoppers, Olsson/iiotale, BISRL and assooiates, eto,, taken
together as o group there nre 8§ machines in operation and 11 machines under
construction. These figures cre shown in tabular form in Teble 2, which also liste
the corresponding total numbers of strands installed or under construction. The
figures of Table 2 are correct, as for os is known, for the date of the survey,
namelys 30th -June, 1963,

12, Compered with previous surveys mede nlmost exastly 2 and 3} years mz’l, the
total number of recorded mechines hes been rising at & steady rote, Over the last

2 yoars the reported 7orld total has inoreesed by about 43 machines or st an average
rate of about 1 3/4 machines per month; the total for mashines in operation has risen
by about 26, or 1 machine per month, This record of expension is notable,

13. is in previous surveys, however, some uncertainty clvays remains as to what
additionnl plants mey heve been brought into operation, or nay be under construction,
but as yet have not been reported. The point is perhaps more pertinent than usual

to the present survey in respect of, for example, progress in China, which is aobseure,
Also, witl regard to Russian plents whioh may be under corstruction, it did not seem
Justifiable to include in the present list eny count relcting to the Russian announs -
ment mnde early this yeur"' of their intention "to proceed with the design and
construction of further units for instollation at six other works in 19647,

Nevertheless, such plens are doubtless in hand, as witness n further recent smd

ennouncement to the same effect (Lugust 1963)5 wvhich nlso states that by 1967 the

totel nnnual enpocity of continuous costing is expeoted to remch 22 mill,tons,

14, Purthermore, within the 1ast year or so there have been negotiations between
V/0 Licensingtorg of ioscow ond certnin companies, notably in Pramo6, the U.K, 1?8
and the U'Si.g, with the aim of extending the use of Soviet continuous casting systems,
It was announced6 thot o ploal woald be built in conjunction with Sohneider-Delattre-
Levivier of Freonce ct the Sidmer Jorks in Belgium, consisting of 4 casting mechines
each to produce 500,000 tons/oannum of sheet ber, the capacity of which would later be

extended to 6 mill.tons/annum. No confirmation of this, however, was aveilable and
no reference to it was therefore included in Table 1,
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() Dalasrsd Nteela

Balaneed steels are mt able %o bo contizmsusly cast because blowheles foiw
momnmwmmnmm In gemeral, & killed stee] quality
ean wsually be found as a netallurgical substitute and Shete 10 no deteiment to ,
produst yield, vhioh is often the main ccnsideration in produsing these steeles 4n
statio-lagst prastice. dternctively, 1f the seeticn cast {0 lcp consugh, a
riaming quality steel can bo subetsduted,

(V) Mamtiag Pesls

(1) Effervessing steel can be contimususly east i mould sises preforadly abeve
T in.0q. The resultamt predust is different frem mesrmal faget cast material in tha,
although formed with o sound rin and suitadle blevhele stswsture inside 18, e ria
,ummnammu«ua. 0.8, Balaly feorite a0 aight be w
The carben and nengancee centents of the rin are ia fnet 114810 or m &ifferent fren
hese of the ecentral blown strusture. Molotottmnm“ib.lum
cestiing 10 wually offected by comtieolled rates of addition of alminiwn red o wipe,
Hﬁommwdmh”d o8 Derrev consiste of caswring eervest metal
~oondition w4 the furnase and sasting vitheut sluminiwn additions ot the meuld, o
Jower mould metal level boing sdopted %o wveid metal splash over the top of the
mould due to the quite vigerews offervessing reastion offects, (Under Shese
conditions the thichnese of the rim is weually related preperiionally te %he sinimm
dinensien of the sootion’. 106 Ahiokmess seems largely indepenicat of casting speed
and, although caly affested %o o mimer dogree by carbon cetent sbeve 0,108 C., seems
Vo insrease with dosrense in earben, particulerly belew 0,064 C,

(11) The iapestanse of the unifernity of carben and manganese contonts asress
the 7in and core of oentinweus cast rim steel sections, oembined vith the majer
foature of the virtual absense of silicen and alminium im the metal resulting frem
the predustion nethed deserided have still to be fully assessed,

(311) inether produstion comtrel method has been developed st Barrow for the
casting of rimming steels in small sections, e.g. 7 x 3 sn. slab sections., The
precess is, however, of s special type and its appliocation should not be comsidered
exsept in particular circumstances.

(4v) Yhere rimming steel sections of the type described ccn not be acoepted,
fully solid killed sections, ¢.g. of lowv oarbon steel with 6nly traces of silioon,

can be produced,
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(4) Aianle ot S

™he as=cast surfase shows 1ight 'unwmn-uum-umu
oash reciprecation novement of the mouls, and these masks cherasterine metertal
prodmed threugh reciprecating meulds, Prequestly, he nashs are 00 1ight a8 %0 Do
bardly diseernidle encopt for ohanges of surfose texture asoosinted vith asuld ’
Wetrshes and downotrehes. The narhs ney, hovever, beoene hoavy or casossive §f the
Eovenetd ¢f the mould and i thMﬁqu‘m“m-ﬁm
oF locsoness due %¢ wear ot Pia=jeinte and beartags., The ripple narhs, hevewss,
oven when fairly hoavy, rell ewt cempletely in the Sndtdal stages of relling,

(3) Sefecmitx :

Sestion shape and metcllurgical strwsture oo gensrally wnifers Shreughout the
wWhele loagth of ey partieulsr cant um-mﬁomn’&mmmv.
In additien, the maintonrmes of wnifornity of ehenioal analysis withis o oand 4o
ioverishbly ssoured and requizes ne attontion,

(2) Segregapies -

In contrast te inget steel, o moot dosiradle fonture taherend to centinmusws oot
naterial is .m»xomm—wmmamhn—unx olencats
hoth tzcneversely asress the socticn and lengitedinally, '
(1) Imtersal Clesalinges | |

(1) Yeametallte 1nelusions, present wwally ia me svoater mounte them ia
statiocinget sast steed, are gonerally smaller ia sine and fairly wnifesnly dispersed.

(11) Metheds of sasting have reecently beon doveleped ot Barrov which peenise %o
allew still eleaner steel $¢ Do prodused, Quantitative moasurencats indioate that '
Yox Imlwsion Count levels of 36 - 36 and pessidly evea lower aay well be obbainable
®8 3 Feutine brais ns cempored with the mope mersal levels of % - 76.

(n) Qooluded Gop Seppation | |

Therc is recson to believe Shat occluded gases eomtridute in sese dogree %o the
occurrence of central porosity and, %o this extent, some seperction of a gaseows phase
can oeeur,” Seperation and entrapment of carbon monoxide olearly ceowrs in ecomtimwous
cast riming steel sections, ' ' : Co
(n) Surface Uregsing -

 In nony cases little or no dressing of continuous cast sections is required
prior to rolling; with stcinless and other special stoels, however, some dressing
is usually practised in cmounts varying up to sbout 7%, g o
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(o) BmAtabAMAY fag Bedliag

Contimuous enet material 17 wonally proferved ot the rolling and/es revelling
uilley besamse of 140 regularity of shape cad stewtare. Greater comiinmity of
relliag mill enerations is gemerally oxperionted Coe nalaly to the mere consirtent
charaster of i%e 'spread’ in relling, ead the Pedused insidomee of dofecte. Tho
as=0ast seeticns eon vithotand hoavy initial redurticns ot the relliing aille,
(") Suitehlity for Perging

Continmous oast material is particulwly eqpadle of botng severely forged Lrect
freoa the aseerat eonditien,
() Dafesis

Under routine produriica conditions, defoets iaevitably arise frem t4me to Viae
in the produst, Seme cnmples ares rhenbeld, dinpled ov Dulgiag shapeo,
loagitedinal or transverse evachs, surfase piuheles;, inelusicns or surfase olag
patebes, internal eroshs and subovtancous blowheles. 4 full cervelated elaseifiontion
of sush dofoets, 1noluding their 1dentification and o tabulation of the trvegularities
in Jrestice causing Shom Mes beon reper'ed olsevhere’. 18 15 necessery te sirese,
bovever, that vith cuperionse ané nermal attontion to dotail the orcasional

mo.tmmnumommhuuumuu-nomwu
.MO

(*) Dxsssxiies of Belisd ot Fersed iredmst

(1) The quality of contimwous enst material is cssentially good, and frequently
very goed, Likewise, the physienl and meehaniea) preperiies of yredust derived Wy
rolling ev forging from east billets, Dleems or slade have boon found te be generally
satisfestery and mot distinguishable frem these of good quality similer preduwst
produced from orthodex ingots.

(41) In some cases, the properties of material derived from comtinueus east
sections have indeed been found to ba superior to omupomn material dorived

from ingots, and, whilst this olaim is not normally qhuuod, Shere is indeed
faoctual evidence in support of it.

PSR —— L
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13. On’the other hand, the recent introdussion of eurved mould easting at the

Yon Moos? Steslvorks, Luoerne, end the ettractive advamtages of dded reliabilisy,
lower price and greater oconvenience afforded by this type of maohine have led 0

& marked surge of decisions $0 adopt the new method for steel production, llov - W
contraets for ourved mould oasting machines concluded by the c'onenﬁ group vere f 1
continuing to insrease ropidly at the dime of the survey, and to' this extent the L]
survey’data of Tables 1 and 2 are rendered out of dante almost 68 s00n as ehqloﬁd'. »
Thus, one-moath later, by 31st July, 1963, the total number of curved mould machines - .

C R :
SRR

called Concast 'S' type machines in Burope, or Concast iCompact' machines in |
Amerion - had risen %0 o totsl] ©f 13 machines in operesicn or under construotion
contraot at 10 different sites involving the use of 28 strands. An ouxiliery
tabulation of datn on these production machines is given in Tadle 3, .. .  : -
16, Fith thess further Concast Mode] 'S'/Compact type ashines, the nusber of
known machines at 31st July, 1963, inoreases %o & total 92 .307,:9f which 61 opg s -
operation ond 44 under oconstruction, - R -
Different Kinds of iiachines | i : -
17. in nnalysis of these machines into different Yypes, as distvinguished by $heir '
main features, namely: ohoracter of mould, sprays, and of discharge arrangement,’
is given in Teble 4. - S
18, The now relatively ola Goldobin machine with {ts inelined oonveyor type palles
mould is still in operation in Russia at Beshitzii, and two further machines of
this type ore reported undor construction (VODutnimk), the main interest being
apparently %0 provide continuous cast moterial @t- suitably high tonnage. rates for
direot supply into » rolling mill ond immediate conversion to rolled product,
Another inolined mould machine originelly of Russian design, a Grannt 30° inolined
straight fixed mould machine, is reported to be in opor'ati‘o‘n in Chinn at l?gliou;
The vast majority of the mechines, hovever, ere of the vertical straight mould type
with a vertical straight sproy 000ling rone below the mould. As seen in Table 4,
only 3 such machines exist with fixed or non-reciprocating moulds, and none are
under cbmtrnction; in contrast, 77 mechines 53 in operation and 24 under |
construction - employ reciproceting moulds. of this group elmost holf the mechines
have, or will’ have, vertioal cut-off squipment prior to discharge (38 muﬁ;n)', )
vhilst almost as mony (28 mechines) are, or will be, fitted with discharge by
bending facilities,
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19. The two remaining types of meohine in Table 4 are of very recent aivent;
firstly, the group comprising the Von koos' cnd other Comeast ourved mould/eurved
sproy moohines, listed in Teble 3, ond, secondly, the Sype of machine under
construotion rt the Riva Torks, Milon, the operction of which is based om the we of
n vertionl stroight mould nad o eurved spray sone poth beneath it. Deteils of the
new machine ct Ruvn, devond those given in Table 1, rre not known; the plant,
although intended at lecst ultimotely t0 be used 23 n production wnit, has yet

to be proved in performance and this will be of econsidernbdle interest, partieularly
in regurd to product quality, since the basic prineiple hos long been o subject of
widesprecd technicnl discussion, lieauvhile, the development of curved mould ocssting
by she Concast group is alrecdy being widely esteablished rs shown by Table 3) ia
nddition, Lannesmcnn A.G.m ¢re roported to hove en oxperimentel unie operating oa
the ourved mould prineiple,

20. The plant data queted in Tulles 1 and 3, although nd firss perhaps rather
bewildering, illustratos the extent to which ccsting machines are being used to suit
production requirements. lost of the produetion plant prootice, and the experience
gained, with vertioenl stroight mould mnchines is directly spplicadble %o the use of
ourved mould casting mechines. The main features are Sherefore sunmarised which
form the background to the subjeet and ¢ the possible adoption of continuous sasting

in the plonning of new steel plants, or in the reshaping of established works.
Needless to soy, much deteil has to be omitted,

&tallur‘ienl QEutx of listerinl Cast

2l. 8teel prepared in any of the normsl steelmking furnnces, or vessels, ean be

22. ‘“hotever the steelncking unit, almost nll plein earbon and 2lloy killed stesls
onn be cest with advantoge, and alse rimning steels, if certain reservations on their
metellurgioal streture are tcoepteds bolenced or semi-killed steels can not be
produced, However, the latter restriction and the limitations in regard %o rimming
steel are not seriously detrimental, since the continuous cnsting yield for killed
steels is high and killed metallurgiorl substitutes are in most cases cvaileble,
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23. The metallurgioal aspects of comtinuous cast material bavs been summarised ia
some detail ia appendix 1, becatse of their importanes aad because quality
m-u.ntiqn- indeed form the starting point when considering the adoption of
sontinuous casting. Briefly, comtinuous cast material is gemerally of uniform,

good qulity, motably free of segregation and usually relatively clean in regaxd to
m-ouilu‘cn. The ocast sections, for the most pert regular in shape, usvelly show
gurt‘s.qo. reciprouﬂoq or 'ripple’ marks and also some ceatral porosity. Surface
inuiﬁq in most ?uu is small cnd frequemtly can be eliminated. Alw various
clnf'och‘ imltcblj occur under p_toductlion conditions, these do not preponderste and

in fact oan be elimineted with sttention to detail as indicated slsevhare?,

24. The summary 61 metallurgical aspects givea in appendix 1 also applies o

meterisl produced by Concast 'S'/Compact type curved mould machines.

29_._. In.“‘l'sblo‘ 3 & summery of section shapes aad sises cast is given by ceunts of

the nusber of machines in operation or under coastruction, as known at 30th June, 1963,
1.8, corresponding to Table 1 survey dste. The more popular sections cast are,
Slaost o the same degree, mall- oad medium-sized billets in the ranges 2 - 4 and

4 -7 in.8q., and melium/large slabs over 4 in. thick. Blooms 7 - 10 dn.aq.,
rectangles thicker than 4 in. and thin slabs, i.e. up to 4 in. thick, are alse quite
u-only produced. Riltuvely fov machines cnt‘ round aad nval sections, large

blooms, 1.e. over 10 in.sq., and mmall rectangles - the demund for these productiom-
vise being more limitod. |

26. Vor both thick and thin slabs, width %o thickness ratios extend up to just

over 121 1. The larger slabs have widths ranging up to 59 in. as cast at Dil) ingen
and 84 in. as propoiod for the new Huckingen plant. The smallest dimension preferred
in practice for squares, ihbn lul other shapes is usuelly not less than 2 in.,

because for smaller or thinner sections continuous operation of the process becomes
increasingly diffiocult. The known thickest section, 24 x 17 in., is scheduled to

be produced at Shelton. o | |

27. There exists indeed o trend tovards the casting of lorger ssctions, emcouraged
by the demand of the larger upui‘fy steel plants tor' higher production rates to

watch the larger steelmaking units and heavy rolling mills. Nevertheless, one of

the f;cuitiu provided by the co_nﬂnuo\u casting process still pertains, namely, »
that it allovs smeller sections to be produced aconomically, which is perticulerly  f
sdvantageous wvhere the {nstallation, or use, of s large j;ri-ry mill cen be ililiqsm. g
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28. The casting of speeial shapes, and of hellew sections for

relatively undoveloped, oXcept perhaps in Chime oad Russia (shapes) and i Cormany
(hollows). On the other hand, the TaRge of 20112 shapes amd siges vhich oan be
produced is extensive cad already sllows a wide S¢ope of application. 1Ia a1} L T
the section size cast has to bde sMequately large at least to allew the requisfite

reduction in ares ot rolling or forging. Frequently, larger sections are solosted
to meet other conditions, .y, 2111 diwensions for eress relling and/er fing}

80 o8 2 fov cast sectien sizses, or oaly eme.
29. The most importent point to Rote, however, is thet 81l eeatimueus oot seetions
Toquire to be hot-worked to break down the A8=etst erystal strueture. The hot

vork reductions in nree either by relling op forging or ether B08Rs, may reage fres

&t least 4 ;1 46 10 t 1, imereasing with the severity of the oagineering duty
expected of the finished oroduct. The apes reductions ¢an of oourse be grester, but

1ts in physicel and Sechenical properties in the

finished product vhich are gonerally pot distinguishadle frem these of sorrespending
Product dorived frem orthodox ingnts, |

30. e Peduction ia areq ration
have to boeonuwm-uun
products., poy sach fingl product

‘*.p are as yot

design ptofonacu, and
the levols of casting
section aizeg,

quality oon be sast. TN, 4s

ction siznes age largely dopondent o
T ratios and, a4 desoribed olnﬂorol, if the physiesnl oonditicns

affecting solidification are likewise tPPropriately modified te b oquivaleat for

the different sizes of vection, and thorefore mould teamage
rates, are then relcted ipn o foirly simple Manner. This, Bovever,

‘8 existing machine vhen & section size outside the range for which the machine wag

originclly designed 4, tried, sinee one of the oquivalent condfitions 1, then likely
to be unfulfilled. )
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Fig. 7+ Curved copper mould tubc used for casting 3% in. square
billets on the Von Moos! 'St type machine,
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Side viuw of curved roller guide path and watcer cooling
sprays during a cast on the Von Moos' 1'S' type machine.
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PER MOWLD.

TONS }. HR,
INS. PER. MIN
|

_
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¥

EaunvaLEwT Ton;ut RAT
EQUIVALENT CASTING SPESD,

2 re " P

e [] ™ [}
SECTION $iZE , ING. SQUARE.

o
»
ot

Fig. }: Equivalent casting speeds and singlc mould tonnage rates for
square sections ranging 2 - 12 ins, in size. (Bascd on the
Barrow standard for 2 in. squarc billets.)
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