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THE CONTINUOUS CASTING Or ROUID STCTIONS

by
B, Ta.rmm n and V. Poppmeier, Reae wch vivision
¢ Bonler Beoc, & To. AL ii g

Puring the last Yen weorrs. the econdinmons ca.:’-’;w'-; of evecl has heen wdvarced
from the vwial svage to thaw of a Tull fladoad nroodnstion mebhod, Today, =t is 2
casting mebtidod which hes wehieval #ulh ccunlity lo Hie comventionel casbing »f invots.

Sheets from continuously cact ciubs eud seeciens from square billets obtained
by the continuous casting nethod are equal o¥ superior in guelity o thc products
proo:-assed rron ingots, doverer, due to the more favourabic 2eonomic agpecie of
the continurus casting brocess, their costs of production are lower,

For mony applications, continuously cest round bilicis asre especially usefl,
This applies to drop Torged and pressed parts, tc whe manufacture of lubes by nenns
of rotary pierecing miils as well rs to the wanufacture of rings or tive miilis, ond

especially Yo the nev hod—yorlinn irecess of extruding,

For the above reasons, there was snough incentive %o euquire Into wie Fpceal
regquirements vor the condbinuous rasiing of round sections and + r determine i

cond tions for larpe scale produciion. At tho very ovegiing; 1V must bHe noexd thet
round sectione cve more difricult vo cact then square ov avan ilat secbions. ‘the
appiization of the round secticns for the processes mentinned absve, howuver,

romiged b envuii 85 many odvanteges ia respoel o qualivy end cconomy +het -cho
costs for the investizouior of the cesting conartions bed on be scceptod,

Vhile in ovier “lacer nore emphasis was piacaa ot ,onase ard flas sect” e » the
worke ot Hepfenbeipg, vhiol ty izaditinou spent lare:> sums rn ¢ acorel ; Cecideld ke
rackle the Aifficokine posed by the ceatuny of wovrnd hillets en’ ie deveop “he
process to rouvbine parlection, ine develepreris ¢awh vag rreudlisy csadeted by tha
comprehensive rcruge f subzsgoent proceszes whish weic av.irable e bho woxr'ta theve,

It wiil noir > enleaviurad to discuss she vt ious provlems occurring at ‘he
casting of rounl villcte end the furthe: moce=gin: of vhe elbter. At the guw time

the prectical acpects of ile casting procedure chall oltain rrope: vraatment .
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The Soljdifjostion of Roupd Billets

When the liquid metal comes into contact with vhe mould wail, a thin solid skin
is formed quiclly from which solidification contirues radially towards the centra,
In its lower part. the liquid core assume. the shape of a very slender cone. In the
round billets, solidification, of sourse, follcws thce same iaws as are applicable
for iagets, but the individhal crystais are smalier and finex as in the ingots. This
is due to the fastor rate of 200ling ornd solid:fication which occur at i1eest in smell
and medium sized sections. The case of fine zlobuler cryastals is followed by a more
or less distinct columnar csrystal zone while the centie agein consists of equi-axed
crystals, The depth o2 ‘the varicus zones is dependent on ‘the type of steel, and,
for one type of asteel is greatly infiuenced by the casting temperaiure, The case
vhich forms at the level of the ligquid metal 3hrinks quickly on fuirther cnoling and
lifts from the mould walil. The 1ifving occurs in an irregular manner, In square
sections, the edpes are sunject to increased cooling and praferied solidification
whereby & rigid structure develops. In round 3cctions no such praference can
develop, and the piaces where 1lifting occurs ard weaker cooling results, will vary
not only from heat to heat but also within one heat, This .s one of the main
difficulties experienced in the casting of round sections. The premature and strongly
irregulor l1lifting of the case is aceentuated by high pouring temperatures and lew
temperatures of the mould walls (chilling effect). For this reason, good re_nuitu
van be obteined with the lowest possible casting temperatures and high temperatures of
the nmould wails. Fig. 1 shows the increase of ‘hickness of the case of a round
billet 150mn (6 in.) dia., made visitle b the bleeding of the billet. The billet
was 2asv from plain carbon steel containing 0.254 carbon. The rate of casting was’
1.50m (5 £t.) pexr minute and th» casting temperature ar measuced in the 4undish
amrnted 4o 1530°C (2786°F).  The opposite diagram, using a distorted scale,
indicates the rate of growth along the longitudinel section. The indicated values haw
been compiled from mean measurements. The cross section clearly indicates that the
growth foilows an irregular paviern along the circumference of the top portion. | As
mentioned before,; the weason for “his is to be found in -She irregular lifting of the
case trom the mould. As can be seen from the sections which were taken further down
vhe billet, the irregular growth ean be equalised by proper cointrol of the loooﬁdsry
cooling arrangement. . The finel ~o.idification intc a conical £lag blanket can result

in the formation ol small secondary pipes in the cen‘re, These, hovever, are not
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interconnected and thus pose no problem during subsequent processing operations if
the casting was carried out properly, The rotary field inductor of JUNGHNAS -
SCHAABER offers an additional means for the prevention of central pipes. By

the use of thir equipment, a primary structuro which lends itself readily to further
processing operations can be obtained also from steels which tend to pronounced
columnar solidification. Fige. 2 shows the effect of the rotary field on the
solidification and porosity of the centre of an austenitic chrome-nickel steel.

The figure also shows the influence of the mould wall temperature on the lifting
behaviour of the case and the formation of the primary crystals. VWhile a high
mould wall temperature resulted it a uniform radial solidification, preferred 1lifting l
from and subsequent contacting of the mould wall were observed with the cold mould
whereby the primary crystallisation deviated from its purely radial direction and

took place in four distinct areas,

Castipk Speed and Production Rgte

The possible casting speed is dependent upon the heat transfer. The latter,
again, is a function of the area to be cooled and the heat contents., Since a circle
possesse: the smallest circumference of a given area, it is plain that the heat
transfer does not find as favourable conditions as with square or even flat sections,
S8ince the ratio circumference : orea of a circle corresponds to that of a circum-
scribed square, it was to te expected that the costing speed of round billets could
be equalled to that square sections whose sides were equal to the diameter., By
means of extensive trialc, this was also proved sxperimentally. As the circum-
scribed circle has only 75% of the area of the corresponding square, the casting rate
is necessarily smailer. TFipe 3 represents the possible :asting e£peeds and the
corresponding production rates for round and square sections. The break in the
curve can be accounted for by the fact that a constant depth of the liquid core
was assumed for sections of more than 150 mm ( 6 in,) side length or diameter,
If an excessive length of the liquid core is permissible, the casting speed can be

increased,of course, The casting speeds given in this connexion must be
sonsidered as upper limits according to the present state of technique and, of 1
course, cannot be applied for all steel types. They are valid, for instance, for

austenitic chrome-nickel steels which are very insusceptible to rapid cooling.
The same applies to low carbon steels such as reinforeing bars and tonnage steel. ‘

By no means can they be applied to tool steels. )
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Moulds
As mentioned before, round seoctions require higher temperatures of the inner
walls of the moulds than square or flat sections. With this in mind, it is
possible to use materials having a smalle. cocfficient of thermal conductivity such as
brass, bronze or iron for the construction of the moulds, For small round sections
which permit relatively high casting speeds, the temperature of the mould walls can
be held as low as for square sections so that the use of copper moulds is suggested,
At any rate, the material must possess the highest possible yield point combined with
a smal) thermal expansion, If these requirements are met, a long mould life can be
expected. Vith a small coefficient of thermal conductivity and a low yield point,
considerable stresses will occur in the mould at the level of the liquid metal if the
coefficient of thermal conductivity is small., This wi)l lead to a contraction of
the mould in the vicinity of the level of the liquid metal, This behaviour of the
mould wall is further accentuated by the frequent changes in the height of the level,

so that many continuous casting machines are fitted with an automatic control of the
steel level,

The contraction of the mould at the level of the li'quid steel can be determired
by taeking careful measurements or are revealed by longitudinal oracks on the surface
of the billets, Fig, 4 shcws cracks caused by the above reason. If such oracks
occur for the first time in the life of a mould, it is possible to eliminate them for
the casting of the heat on hand by reducing the casting speed, After the casting
operation, however, the mould should be removed and conditioned immediately, f‘

The high casting speeds for round s« stions which were given above can be
applied only when the moulds are provided with a taper. By maans of the taper, the
lifting of the billet from the mould is retarded and the solidification condition
improved.,

Instead of conical moulds finely undulated moulds aan be used for the purpose
of obtaining a higher casting speed if machining or {lamescarfing precedes the hot
working operation, The construction of round moulds is simple since seamless drawn
tubes may be used for the purpose. Flanges can easily be mounted by means of sorewed

connectione and the maintenance of the used moulds can be carried out repeatedly by
grinding,

To conclude the discussion of ioulds it must be stressed that the casting of

round gections dermands moulds that are absolutely free from any deficiency whatsoever,

e
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Extensive investigations have shown that the bending also of round sections is
possible without any adverse offects as 40 their quality. This applies not only to
billets whioh have solidified completely prior to bending lit also to those which
have & 1liquid core left irside. Thus eontinuous oasting mechines havinz a small
overall height oan be built also for round sections. No matter whether the billets
are oast in a tower-type muchine and eut in the vertiecal position or whether they
are bent into the horizontal position during solidification or whether they are cast
in a bent mould where the billets are made to s0lidify followed by straightening in
the horisontal position, it is important for any type of machine that a suffieciently '
long solidification range is provided since the billets are susceptible to excessive
oooling.

Ihe Processing of Continuously Cast Rounds

Continuously cast round biliels can offer teohnological advantages during their
further manufacture into finished products by hot—working. Such operations, for
instance, may include drop forging snd tire rolling. Round billets are also a
prerequisite for piercing mills and extrusion plants. Since the continuously cast
rounds can be coneidered as billets as far as their dimensions are concerned, it was
desirable to have cast sections available for further processing by the methods
mentioned above. Cast billets hav: already been used for large scale production
and have proved their suijtability. Their application has brought about all the
expected advantager and no disadvantages at all were nbserved in respect to the
quality of the products.

Fig., 5 shows a range of drop forged products that were manufactured directly from
cast round stock. The products in question differ widely in regard to their shapes
and their steei analyses. The use of oast rounds es starting material for drop

forgings and stampinss suggest un advantage in reapoet to quality when the workpieoce
is %0 be severely stressed in the transverse direction., The excellent applicabi*ity
of cast xounds in the drop forging process has been proved for all kinds of operations,
This holds true also for offhani upsetting in the direotion of the axis of the billets
o8 woll us for indirect extrusion of shells, It must be mentioned $hat the cast
billets must be absolutely free from surface defoots and eracks.,
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For rotary piorcing mills, round sections are indispensable as starting material.
Since ingots must be converted into billets before they cen be used as stock,
continuously cest rounds offer special advantages as repards manufacturing costs, .
The demands placed on the cash stock agoin ineinde o good surface, freedom from
eracks and in eddition to that. relative absence of sacondary pipes in the cenire.
The Jatter applies esperially to high serbon sieels in which considerable secondary
pipes may occur owing to the wide soliidification range. Such pipes invariably
result in flaws at She inside of the tubes during the roliing on a wolary pleroing
mill. Ancther demand +hicih must be satisfied is the absence of slag inclusions in
the steel., This demanl muet be fulfilled by tiie melting shop since no influence
can be sxerted by the custung praciice, The considerable stresses ocowrring during
4he rolling process uay lead to fractures which originate at the non--metallic
inclusions. Fig. 6 shows such fractures which occurred ia & ball bearing steel.

erfest cast billets yield perfost tutes, They cannet be digtinguished from
tubes obtained from big ingois. This applies not oniy to the type and distribution
of slag inclusicns but olsc to the carbide distribution as can be seen from the bell
heazing stock, Tig, 7 shows the outside and ingide surface, the caorbide disti.bivion
ond elcanness of a tube which was rolled from a cast round 150 mm (6 in.) dia.

The typical analysis of the steel was i carbon 1%, chromium 1.%%, meanganese 0,35%
ond silicon 0.30%,

Tire rclling of round billets has also given good results., As an exanmple,
Fig. 8 shows a ring made from ball bearing steel. Tne ring has an D of 245 mm
(10 in.) and an ID of 190 mm (7324 ir.). The stock used for the purpose wae a cast
billet of 150 wm (6 in.) dia. As can be seen from the photograph, the outside and

inside surfaces of tle ring as well as its structure and carbide distribution ave
perfect. |

A now field of applicetion for cast billets is offered by extrusion. Here
again, the use of rouud atoek is imperative, The use of billets obtained from
ingote considexably increase the manufacturing costs of the finished products. Thus,
cast rounds cfler speciul economical aspeets. The combination of the continuous
casting process and the extrusion process seeme to offer a great possidility for iito
future, Sten) tyres which have been processed in this way include lov and llodi\m
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carbon steels, ball bearing steels as well as unstabilised and titanium stabilised
austenitic ohrome-nickel steels, The extrusion prosess was applied for tubes and
various other sections of which Fig., 9 shows two examples.,

In addition to the processes mentioned above, cast rounds will find additional
application, cspecially in the field of quality steeie. Thus, it has been
established that the use of cast rounde instead of square billets can be of
advantage for the surface quality of rolled stock. This is due to the fact that
the mill seale falls off more readily from round stock during rolling in bar mills.
However, round seotions are more difficult to handle in reheating furnaces. Further
advantages may be offered by round villets alsn when a surface oonditioning operation
must be introduced in order to give ‘the desired quality. On the one hand round
sections possess the smallest circumference for a given oross section, and, on the
other hand, the conditioning can be carried out by means of simple and cheap lathee,

Altogether; it oan be stated that the cast rounds offer such advantages in
sconomical, technological and qualitative respects for a number of processing

operctions that their future application may be taken for granted, and, for all

appearances; will be subjeot to a considerable increase.
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