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The Soviet Union bas been occupying a leading place in the field of continuous steel cas-~
ting since the very beginning of the development of this process in regard to the number and
capacities of the plants in operation, their technical performances, practice in casting bil-

lets of different cross~sections and theoretical investigations of the processes in continucus
steel casting.

The Central Research Instituce of Ferrous Metallurgy - TSNIICHERMET has carried out a
great deal of research work at che pilot and industrial plants in the field o7 continuous cms-
ting of carbon and alloy steels into round bars, square blooms and reclangular billets, which
has made it possible to develop the basic¢ theoretical fundamentals and production technology
and to work out the must efficient desiygns of machines which provide for stable operation of
the steelmuking shops and production of cast billets of a required quality,

At the eurly stage there were encountered some difticulties in developing the technique
of continuous steel casting of billets.

These werae connected with formation of not surface cracks (both traverse and longiGudi-
nal) on the wide faces af the cast hillets , indentation with internal defeccs and central porosi-
ty.

The study of the nature of the above defects has shown that they, as a rule, depend upon
the analysis of the metal to be cast, casting practice, geometrical dimensions and design of
the mould and its surface conditions as well as upon the coaditions of casting and cocling of
continuous castings. During the shrinkage process the wide faces of the solidifying skin of a
billet are influenced by ferrostatic pressure against the narrow cnes and by frictica forces.
Under delayed solidification conditions the total stress in .he solidifying sucface of the bil-
let may grow up to such an extent that breakouts occur in the skin., The total stress is a com~
bination of thermal stresses, bending stresses in the corners of the solidifying skin of the
slab which stretch the internal layers and rupturing stresses created by terrostatic pressurees
against the narrow faces of the billet.




The investigations of the tensile-mstressed skin on the wide faoes of a billet with smo-
oth surfaces have shown that it is of use to divide the side face into a number of curved por-
tions with slightly concaved ribsg or waves in order to reduce surface tentions. Such a shape
makes it possible to disperse the sbrinkage deformation on the wide faces of a billet and pro-
vides for the latter's higher longitudinal rigidity which makes the billet surface more resis-
tant to bending in the vertical plane and consequently to developing traverse defects on the
surface.

The optimum shape and parameters of the waved surface chosen with a certain ratio bet =
ween the wavelength and depth have made it possible to considerably reduce the number of de -
fects in wide cast slabs such as longitudinal surface cracks and traverse indentation and prao-
tically completely eliminate slab scrap on account of surface defects.

The development of the optimum rates of spray cooling has made it possiole to produce
castings of a required density in the central zone and with an optimun ratio betwcen the strue-
ture zones as well as without any internal defects.

The casting of high-alloy steels containing easily oxidizing elements such as chromiun,
titanium, aluminium and others is accompanied by rormation of rouish non-ductile crust om the
metal meniscus and its Tolding into the cast body consideraoly decreases the quality of the
slab surface.

Oneof the methodswhich have been developed to prevent the metal surface from seconaary
oxidization lies in the spplication of protective paseous media. It is found out that a prora=-
ne-butane mixture may be an optimum protection in casting such eusily oxidizing steels as the
electrical steel.

However, the intensive development of secondary oxidization connot be avoided when a
number of steel grades are cast under similar protection. For these particular cases a combi-
ned method has been worked out to protect metsal surface which is based on pouring the me tal
under its surface level, i.e. the metal strean is dirccted to helow the metal surrace through
an extended nozzle, the surtace being protected with a slag lqyer.

The main difficulties in solving the problem of producing high-quality rolled products
were encountered in eliminating such defects as distortion of shape in cast blooms, internal
cracks and central porosity.

The application of scction-susped and open-corner moulds .. vell zs exothermic slig mix-
tures has mede it possible to produce cast billets of correct gerometrical shape and to elimi -
pate internal corner cracks.

fhe opiimum rates of pouring and cooling of castinis have ensured production of sections
with a developed zone of equiaxed crystals in the centre. The preszence of equiaxed structure
makes it possible to disperse central porosity aad, il corresponding reduction applied, ihe
rolled steel quality mects the rcquirements of any consuner.

During soliditication of round cascings transcrystallization develops nearly up to the
axis of the casting. The defects connected wich metal shrinkage and segregation are, therefore
concentrated in the axial zcne. 1n addition, the round shape ingots have a tendency to a dis-
tortion (ellipticicy) ot their shape during casting operation and this results in foruing a
5,00 between tkc custing skin and the mould walls and consequently leads to longitudinel surfe-
ce cracking.

‘The causes of longitudin2l surface crocking have been studied intune course oi nhe process
Jdevelopment. it hos been found oui ithat only moulds with a reverse taper should be used in or-
der to eliminate this delect. The wmllis orf the round mould wust be of a waved shape, The ap-
rlication of a weved chupe oa bthe vorsing surface ot the mould has made it possible not only
to eliminate the earface crecking but alsc to avold uny distortion of the casting cross sec-
tion.




In rimming-stesl production a satisfactory quality and reliasble pouring capability of
the heats depend upon oxidizeation and temperature of the molten metal. Oxygen concencration
in steel determines, to a considerable extent, the position, quality and distribution of ho~-
neycomb blowholes along the height of the casting.

It is established that when Ghe metal is insufficiently oxidized it rims very poorly in
the mould. As a result of ic¢ the continuously cast billets are obtaiged with a tiim aud inguf-
ficiently dense outer skin. The rimming of extremely oxidized metal is characterized by acn =
uniform gas evoiution by boiling and even ejections vhen it is difficult to maintain the requi-
red lcvel of metal in the mould and carry out casting operation.

The worked out process of welting and continuousg castin; of rimming steel with 0.08 per
cent carbon content bave made it poussible to produce a cold-rolled steel of fine surface. All
the specifications of the cold-rolled sheets meet the requircments. Then a number of parts
were produced by drop forging the study of deep and extremely deep drawing of skeets had shom

that the plasticivy of metal ;rocuced from continuously-cast slabs was to some extent higher
than that of ardinury mectal.

To further improve the quality of continuoucly cust billets we conduct further theoreti~
cal investigations in the followin: directions:

1. Development of therwmc -chemically - and erosion-resistant refractery materials  for
lining the steel-pouring ladle., cnd tundishes ac vell &s nozzles and noncvirl nozzles. The
lattor must ensure long-time pouring when submerged under che metal level in the mould.

<. Further study of waved mould application (wave parameters, wall thickness) which man-
es it possible to caust wide sla%s without longitudinal surface cracking.,

3. ZIxtension of work on application of free-of-pressure pcuring in combination with me-
tal curface protection in the mould with oxothermal mixtures, graphite or reducing gas (tfirst
of all for steels possecssing higher tendency to secondary oxidizaiion).

4. Study of the two-phase zone and its extension at certain chemical analysis in rela -
tion to the heat exchange condition betwcen the castin® and its environment.

5. Development of methods for active intrferonce into the solidifiruzion procecses by
irfluencing the solidifying metal with masnetic fleld, vibration, ulrra-sounds and by intrc -
duction of additional crystallizotion centres in solid, liquid and powder sta:e.
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RATEST PROONBSJ LN CONTINUOUS STEKL CagTINg

PRAcTICE

The Scoviet Union bas Veen ocoupying a leeding plece in the fleld of centimmews
steel easting eince tis sery besuming of the developmeat of thie procees in vegasrd to
the gusber snd ospuditise ~f the plents ia vperation, their tecnaioal perferuances, pree-
ti0e in canting Lillets 57 Affferent crome-sentions end theoretioal iavestigations of sne
pProncesee in continvcus atee)l cagting.,

About 34,000,000 tuoe Of biliats and slabs nave bevn camt on tre plants of the U43%
in 1967,

the tolel quantyts af Continuanely uast bijlets produced gince the tariy stegea of

derelen'ng thie p overz i1l #o= seounts tu mors <k an ¥, W4 000 tong,
Conetiucting ?5 plante is nsineded for the neriocd of 196A=1370, tha

toetnl ospagti-~
¥ of the unnliuuove casting placte of the ys

SR renthiog 8,000,000 tons per yeur 5y 1370,
The Jeptisi Reuceeeb Instisute tur Farrou: detelluryy - TSNIICHERMET ~ hus terried
Uit & great drel O rescarch Wy ot the pllod sl industrisl olants tn the fleld of son
tinuoun amsting ot carboun mnd wi.oy steels tote round bars, sjuere bhivoms and reotanguler
bilists which rus mede 1t pamnine to Adevelen the bael- Uresretical fundamentnis wund pro~

deslgue of werhiines which provide
uction of opst billete of o required

duction technology end to work oyt tie mont effloiert
for atable cperation of the steelmakiag shopa and prod
Quality,

The resultis of theme iovestigatinna mede 1t pcpeible to rind cut the principal ecom~
ditions to provide for - reliable pro-eea of ocontinueus steal casting,

They are a foiiows

1. & reenpupable atetvioution of metal as Lt goes though tae tundigh tnto sewlds,

4, Castiny of steel wiinin the optimuz temperature limita,

3. froviding symmets~ioal crystallizetinn during the formation of b1llete.

4, OCreating the 2onditione to reduce shriskage straine in a eoliditying willes,

9. The withdrawal of billets at the sseigned snd ae constent as poseible epeet,

5, Protecting tue molten sctel from oxidation during the ceating process,

7. Meintsining the optizum rete of oxidetion of the wholse heet of rimaing etesl in
the course of ceating.

8. & complets solidifying of dillete it the secondary ocooling atne under wsoigned
conditions,

9, Providing e.tomation ani mechmaizetion of the plants,

Contibuous cesting of reotanguler hiliets

At the early atees some difficulties were enocountered in developing the teohmique of
continuous oasting of etecl rectangular billets, Thess were connected with fermatiom of het
surfeos oracke (both longitudina: and trancv¥erse) un the wide faces of She geet Billets,
fodentatione with internal defsots and central porosity. Itudies of the nature of the ebdov-.
defecte have shown that, as & rule,they depend on the snslysie of the amstal te be omst, on
cneting praatios, on the geosetricyl dimensisas and the deeign of tha sould and ite surface
conditions es well as oo the oouditioune of cesting and cocling of coatinuous ~aetings,

As it bas lgen sbown by investigatlone te ekin of a biliet esparates frew the
@mould walls alreeds in the menieoue sone, Depending upon the crcss~seetion of s sesting
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the apr e Af coriacT in the menisoue wone 1§ ¢V-60 mer cent, Howaver, to simplify the scheme
of zaicularinne Lt ceu bDe assumed wita s reasonabls level ¢f approximation that st an sarly
stag® cf roitdi,ing the gi.n of & hillet closoiy adjolns the sould walls along the whole
lergtn of the rerimeter, (' L 2la0 assumed shel Hires 41(ferent stages of mutual location
Detween the yr'n end -oe wonld sist:

- the mk:™ glavaly rdjoins the would wally oiong the wiole lengih of the perimeter,

~ the 1% Beph-sten Sru? the aarrsw tfaces of the mould ant aijoina ths wide faces only,

- tha sk1a separates 7rom the mould walis slong the whola iength of the perimeter,

Prieor to the ‘miriation Of s gep 2 : e strains are develorine in the ax.in of « nasting
£o» two rerann glven below

“ g4 Jaroar zoriavsgse ceipg develoncd ky the forres of *the ferrastatic ;ressure as
well ms oy the folett e agmingt the walla Sf the Bovuid and oy other rassnnn,

- a tempernturs oradicu. 1n the shtn itherpal strew 2,

ouring ‘e parinkepu process e wrds facers of the akuin nave te cvsioome the offect
of the ferrostatic pres-u:-. P" ot the «, row ferceg ns well ag th» friction foree P r.' Coa~
stdsring the band or the o¥i* &t » 11 T _c# 52§ A trom the Meial @enlecum level we find out
that the force of the fariveie . pie2eure agalnel h3in ibe garrow faces way he defined as:

pr - ZdLnrhb. 1 (Kg

The friction iPoree of Ui wide fuzes agaidnt tne walin t®.

P‘l‘ a 2'“07“_ (kg

Wharef -~ frictivn coefficicat

L] -b"b\ ~ atandsard poreasurs
'rr w h't = purfece of friction ageilnet the wide faaes, 8q .0

The totsl forva rupturing tac akin on the wide race {p a horisental direetion seh Do
exprezasd as:

Py =Py, » By =200 la +¥8) (ka)

The atrege developed by tals foroe is:

s v¥3
Gor * -ngi-‘ - Yha ‘;)—~ (xg/sq.em)

Where § - meon thiockuess of an sleaentary band of the skin, m (om).

\

When s quick decressing «f the suiiece temperature occursy tae temsile therual stiresses

of the firet kind «ii4 develop in the extaruel iasers of the s¥in, They oas da Tepressmted inm the
form:

2 YR
6‘11 - 3“0:‘ to)7f'761 (g, iq,em)

here 4L, coeffiolant of .luear shriokege
(0.3 1 "
2 = podulus . e¢isatisic s, n/eq.a

{kg/sq.cm)
/M Poiewom's nustbar.

The calculatione indicsts thai &, € 70 kg/eq.ca and ths sum of ieneion stresses equale
svout 2% kg/eq.0a.

It 1s Deceavary to nots thet the oceffisient of frietion may in-reass up to 40 1¢ the
welle of the mould ere wsripe. or a cesting is welded t¢ Lhenm,

In that case stressve BAy incresse up $0 suck ap exten? ihat & breekout scours in the
skin,l.e, ° & dreskthroigu’ of miltea eteel into the secondary ocoling sons takes plese.

Dndsr the conditions 3f a completely delnyed shrinkage:

GIIIP -J,B(tcr - tO)'

This equation leaves out of sccount the dimensions ¢r the fage, She Saickuess and Whe
-2 -




ukifornity of the sclidificd akin, Ae the thickmess of the skia is non~waifern then:

" Gebr wdB{tey - 15“ 2‘1!}_‘__
n
rnxt

whers in ard ¥ are respectively the length end tha thiekness of theddn i . 2iveen~
tary horisonta. area o: ths wils face,

It follows from th's equation thst if ths thin Srtas are present in the sikin.
aes ooncentrate (o thsm snd coneequentiy detormations ocour in those areasg, The -
forming craong al Licse pinces LLoTiduws,

the stres
“eibvi.ity of

After lhe Burrow ferre of the skic have ssparated from the a0uld walig o L

‘L. - nregeg
Ras beam kept only 4t ftne (antres of tha faces, some bending moments develop 1+ ré¢  imavs
of the gkin whiceh C be regragentad oy the squation:
- z . breg’s _
“l‘. - T;?*- (kg ca)
2
. a
whore = ---;-g . and
&
b and 8 - limeniaions of the wida erd nerrev fuces, a (oa)
k’ and k. ere frioction coeffioients of solidifying the metsl o. the w- . A NAPYeW

feseas Treapsctiveiy

3 -~ d'etanus from the manisous of the metal to ths partioular section of the dillet,
on,

The mgul.r acsentum produces dending etresass:

6ty ﬂ

Ths rupturing eotion of ths
ot this poeriod aey de defined aa:

Phr‘g’!

It producss ths stress In the skin having the thickness !. and the height of 1 om
thet can d¢ sxpressed by the equetion;

P Za
Etor ;JT - %;Vf
heon ths wids fecss have completely stparsted from the wallg of the aould the tosal

otregs of ths ferroetatic priseurs on the wids faos arses asdjeiaing the cornars can de eXpres-
a8d by the fellowing equation:

ferrostatic preseure on sy slemsntary band of the wide faee

ek cXz [+ 24
g "Eev *hrur |50 ’““M‘* “

After the skin has stperated from the walls of the mould the temparature of ils smr~

faee 1e increassd being affected by hesting, saich results in delaying the shriskege of the
imfner Yayers (thermal eiresses - £,,). These strenses will be added to the banding stresess

(6‘.) lJaading to the teneion of the inner layers as well as to ths bresking stresacs of tha
ferrostetio pressurs (£, ) on tne narrow faces,

The total etress can %s sxpressed as.
528 *81y *Stur

The invastigations of the tensile-stresssd gkin of the bdillet with smooth surreses
of Vhe wide fooea have ghowathat it ig poasivie o decreass the stregses by shertaaing the
linear disensioms of thuas ereams of the akin of the wide fecas that have vepsrsted froe she

- , -




Snlls af the mould, It ia aonisved waen casting tiis biliet with a corrugated surfece, Such o
2h.pe sakes 1t porsible to disperse the shrinkese deformating on the wide fsces of a billet
sed provideg for the Yatter's higner longitaain. rigtiity which mekss the billet surface
Sore reslstant to beading o the vertice) plan: wnd conseguently to developlng traligveree
dafects on the s:facr, The shape of the wave! gurfacc anst provide fcr the greutagt heg?
PeMoval frox *he shin ni tde iop A7 the wave ir owder %0 oLiamis the auffioient thickness of
the okinh Lel re itn meparat! v fros tre asly .

Csleulations Luve shoWo that the grestest heat removing ability 1a characterietic of
the waves formed hy two parmbulnn. inm thi: Case the mize of the intaratise between the akin
and the wall of %ne moulld at sie top of o wove dlminishes with shortenirg the d{stance bet~=
®een the waveswnd wit, drcresming thahairit o tac  aanve, The primary ekin of the waved cage
ting rcpresents a chell in ectod 1o umiformly 4ietivtbuled lowd, The stress of the ferrostatic
prescure in ihe akin deflued I16m ne ondlitions of the rg:ilitrium of forces aeting upon
he ekin can 1,’,&.".3‘\""'“"‘,"‘,“',_,_?"‘ the caueiian,

=, N

0}:4; \ A
£+ oy .

wherc o, - hc alter and the haight of the wava respsctively, m (cm)

Z -~ di:tence fraa the meniscus of metul to tae scotion being examined

The streenes decriunce wiik the {norcase of ths height and with the decrsase of the
Wave spaocing.

The cholce ol the optlavs srape acd parameters of the carrugsted aurface with = oar-
tain ratio batween the npacing mud the dopih of wav- has amde 1t pussible not only %o aon-
eldersbly reduce the nuaber of defecty in wide cast slabs wuch as longitudinal surfsce orsoks
abd transrerse lpdeutetlons Mut alsa to precticelly completely sliminate slab
agoount of asurtace defecta.

sorap on

Ths investigations heve shown thel aprearing the Yeono <racke 1s stipulated by ths
socurenns of Wechunicel and thermal atremnns es wel® ap of the stresses caunsd by the phase
trapaformationa in the metal.

s oracks are mainly appear«i when the criticel value af tension or compression
otresses at the bourliary batween i{quid wnd sclid pheves hes been surpeased. Alaost all inner
orecks eppear 'n the tempereture rangs of e so celiel “hot brittiences” 1i.a, tmasdistely
Below the tempevrature of Jolidus. Ag Lt /ins Leen shown by testy tre sensitivity of etsel to
ernoking is facreased ir. the prameanve of allojing cofpolients meiunly chromium end when in-
orsaaing tha oontent of suiphur snd phosphorie, Ine chief fastor which 1etermines ths for—
Ration of cracking is tne relation between the streugtl, and duciility of pteal gt high
temperatures,

At the first moment th:. suvface feyers of the sclidiffed skin of the cagiing sre
subjected to the slivinieges proportionai to the change vf tempersiure end they squeese the
isternal layers. The soundne.c of mrial at high tempersiures is not vioieted by the com-
pression etrain ms all atren:int gre relieved due to piaeiic letarmattions, In spite of their
transitions into the region ¢ elastic aernimations noticeable siresces are not formed in
the sxternal laysre as their snrinkege )5 nol reuwisted bty the Iintervel leyere which ara ia
the tsapsrature range ¢! plastic deformations.

It is obvioua that as the vaickoess of the skin 1 fncrenssd, the rate of tempsra~
Sure dacreeee in the interns! [aysvs ani cousequently the sise of shrinkege will be greater
Shan in the externsl ones. The cucled externsl lavers bsing io the temperature region of
slastio defurmetions will prvvent tnae ehrinkege of intarnel layers as a rssult of which

- f -




tension stresaes will develop in the latter and intemal oracks
conditions, .

Pith high intemeity eocling internal orscke have been obeerved in the rectangulsr
billete (elsbe) oset of oarbon etesl,

Wereing up the surface of the billet after ite going sut of the second axry wool ing
80ne sxerte & great influence upon the ‘nitistion of imternal cracks, In thias caae the
warming up external layers expand and caryy aloug the irternal layers, Tansion etrenses
develop 1n the latier and as ¢ result of that internal oracks are initieted,

Internal oraoke are sheent in the billete cest without the secondary cool ing, Howe-
ver, it {o only blllets with 5 emal: crose-secticn that e scceptable to cast without the
.uéndgry oooling. In casting tillete of medium and large dimeneions without, the secondary
eooling it is neceseary to oonsiderably deorease the witddrawal rate of etrand i.e, the
output of the plent due to the danger of the breakthrough of the moltes netal !elow the
would,

RAY sppear under euitadls

Pecularities of cesting slloy gand
high-alloy uteele

The casting of high-alloy steele conteining eaatly oxidising elemente such as ohre-~
Biem, titenjum, aluminium end others 1s ecoompanied by foruetion of
beltas and other defeote on the surface of the billete wh
the quality of finished metal.

For exemple, the oseting of etainlese stesl is acaompanied by formstion of ¢ rough
Bom-duotile oruet on the metsal meniecue and ite tolding in
decreasee the qualsty of the siadb eurface and increases
fing 19,

Insressing the temperaturs of metsl and the rete of ossting whioh may be resorted to
in order to reduce the dimenetons of the skin ie restrioted because of the danger of the
breskthrough of the molten metal into the ssocndary oo~ling sone.

Ome of the methods whioh heve baeen developed to prevent the aetal eurface from eecen~
dary oxtdetion iies in the application of protective &8seoue medis. An {nert gag (argon}, the
Batural gas and srtifioial gas sixturee have been teeted for this purpose, The reeulte of
casting with these methods of metsl protection are given below,

surfeqe lape, pite,
ich oauee sharp deterioration of

to the cngt body suinsidersbly
the ooneuaption of metal when scar~

flesults of uge

Amen A dense aiust is formed on the metal eurface juet as at the casting in eir, The
oomdustion of lubricant §s not complete and i socompanied by emoking fleme. The
surface of metsl e vonsiderably cooled as well ag it ty oxldized by the reei-
dual oxygen,

Ratural gos
This atmoaphers prevents the aetal froa oxidation, but the evolution of ¢ con—~

eiderable quudity of goot products wmakes the observations ext~emely diffioult,

The eurface of a dillet ic carburieea from .05 up ty 0,9 per cant of ocardom.

Propane~butene

888 mizture
A proteative stmoephere 1s created over the eurfeoe of metal, Propsns~dutane ({ "]
Bixture olarifise the flasme from the burning ludbrieant. This atuoephere sontatlse
lees than 9 per cent of oxygen, There is practically ne rejeesien of metal ea
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secomnt for the oxldised gxin. Caruirisation is negligidle, The inoresse ot

hydrcgen content is restricted and i¢ not sccoapanied by tha formation of deteoaty,

A3 ¢ Tesult of perforued oxpsrimeute it has baas fsuud out that a propsne~dutene Ty
sixiure under the surslus pressure of 0,5-0.u kg per eq, om and with the averaged asaount of
0.8 kg per ton of astecl may be eu optizel proteotion in aaeting such susily oxidieing eteel
as the ealectriocs) ona,

The comtrnation of thi: mizture regilés (r the folloring tercent.ge snalysie of the
protective etmcapLare orer thie eurfane of metal In tha mould: C0, 1.8=4.0; 00 9-93) R, 8~20
the total of hydrvoarbns 6=18; O, 1~2, pul, aitrogen. Tie bunidity is anout 2,5 per oemt
of Hy0, the dew point baimg + 20°c,

It ensures ihe couditiurs rcoy vie.ding Malit; siaby of eisotrie steel vithout defeots
dne to the preasnc of ortdigad f{im tn zhe courms of ssstine,

'owever, sn intensive ds +13pwent of accrodary cridetion cennat be avolded wheg a
numler of steal Zrudes containing suit saeily e11dizlag trpuritles as sluminium, titenium
and othere, for inecance, etuinees nitcls, sre omal ouricr similar protection, Thie 1e¢ ocon=
firmed by theracdynazio oalcuiszi.ra, “-p 4hes pravtical cazas a 2oabicel method has deed
2aveloped to proteol the metal env’ea ., Ii i@ L-gud O 10uring wstyl under its surfece lavel,
1.2, the teteal atream 1a dircoted 15 holow tue Fatel riurfgcs thrieugh en extended nossle,
the surface being simaltsneously prot:cted wizu 8 sla iayer,

Feeding themetal imocarrirdoutthcrwamfireciayur frephite-tirec.ay tunnod and agraphite=
firaclay nozsle having twa side npeairgs., fhie wethod provides for fending hotter portions
of metal to the eurswos, whioh ccntceiontes to varming the metel up and keeping 1t in o flug~
dlsed etate.

Tests heve ghown that the nczzle ig mainly eroded at the place of ite oontact wish
the interface plane between motsl snd aleg. The sronton of disochargze opexings alse ooours,

In casting tool mnd ailoy steels good results have been obtained nuvt only when feed~
trg the metal under ite surface level but stlec when protectiry the metsl surface with an
exothermnic mixturs contairing elumininm, silicooslolud, ecdius attrate

The mixture consumption cof O4~0.8 g per ton provides for the t
layer of about 5~7 mm on the netal argleouw.

and othar cowponente’,
hicknass of the slag

Duveloping the teachnique of contiuucus n=eting of alloy auad higl~elloy
‘the possibdility o ohange the teaperature of oastiug without inore
dery oxidieing.

Ag & result the oconditions cf refradtory have been uproved, the oonsusption of
olloys has been decresssd, snd cne of the moet A1ffinoult proviems, viz, to produse quality

cestings from the eteels of sucy type, hee heca solved, the latter being the mest importamt,

At present the ten..niques of coatinuone ossting of glloy snid bigh-alloy steels hes
been thoroughly develojed and thae produ:ticn of quality cast billeta has dDeen envursd.

steele oreated
asing the oast etesl gegom~

The veouum degasaing traeiment of sieel bafore centing te aleo ueed in the USAR in
ordsr to improve tae quality of oontinuoualy cast alloy steels,

The ossting of vaouum dogassed steel 1a started et the temperature by 20-25°% loweyr
thas norwal but the prooear of caeting is run withaut foreing axuile, the metal forming a
800d atreas, Defeote due %0 bilgtars are completely aheaunt,

Oontinuous casting of riosing eteel for tha production of 8labs

for ocld-roiled gheet and sutomodiin sheet

The favestigstions

end deveiopment of the technigue af sontinuoue sasting of low eg~
-Hh -
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bou rimming steel for she production of cold ryoiled sheu¥s wers started by 25NITCHEEMET
8% & BuAber of irom and stesl worke ip 1959,

A¢ a result of ths tnrsstigations carried out in 1359~1965 ths bdasie technologienl
prineiplss heve been dsvalopsad for Relting and continusus casting of low carbeon riaming
steel for ths production of ccld relled ,heois, aciiwble methods to control the quality
of eontinuounsly cest ziats Bcve alac been worked cut, This asde (t possible to intiodues
oAd to devslop on ar Ipdustrial scale the tezbhnique of sontinuoys casting slaby of low ocar-
R rimaming steel st the basio Oxy¢em shor ol the Novo-Lipetsk Ipon and 3ieelt Worksy,

It wea establiumued that tne iollering factors overt toe decisive inf usnce oa the
quality of coatinmucus ose ting of rimacig steel. the dezree of oxtdat.on of w:tal, ths
design of the wouid, the properties o' (uwuricent e well e its uniforw supply to ths
aould walls, the netnag of pruring xete’ 10%0 wae wownid.

The looation, gquamtivy a.i dis*ritution of blewholes aiong ths hs
detsruinsd to s great extsnt buy in. Jiykea content of gteel,

et of wlabs are

Pouring the mutal igtc the 9 uld under ths counditions of continuous casting ilsede
t0 & eteady riss Of the fer.watat). presuure as wall %o u steady getion of ths stream on
the upricing flows ir the mould, ‘hrietore during thbe contimuou:. ceasting of riaming witssl
ths influance of the zetel oxidatisn rate on the styand building up is inoroesed constder~
sdly, Tis amount ef eurplus osygen raletive Lo jta content Lalancet with carbon hes the eans
sffant,

The limite cf the cptimuam sonteal of oYsgen in the »imaing steei huve been deter—
Bined go that they provide ror a uniform nciling of the matal in the mould and e defintts
intensity of gasifioation and gos evolution during the jproceas of curting and wo!idi{fica-~
ticn of the continuous oseling. ln this osee provided that otiiir Iptinmum conditionsg wars
kept, ths slad with a dense externai skip raving a thioknege of 10-30 wm wags formsd
(see Fig.1),

When ths oxygzen concentration wae lowsr than that rsquired, the belling of the as-
tal in ths would was inert and sone “urbutence was obesrved 1u the gone of the stream. The
oesting hed a thin extsrcel skin (see rig.?),

¥hsr the oxygen content was Righer than that permissible, a violant boriing of ths
Estel was vooured together with tleady ievel vmristifons snd periodic 'oilinga~up, In this
oass it wes dificult to control the aetsl bol  lag inteasity visce the qddition of Large
quantitiss of aluminius into the tundiah ced)ted in decisuaing the fluldity of metels whias
deterioratsd ths conditions Of gas avolut! . Tie a2xterna. ekin of o gied had & great
thioknass but its deneity was tnuyufficien: (8ce Fig.3), The bliatary in the ekin wepe
observed in quantity,

It should be noted that whep pouring the actal into o watercooled mould with copper
working walle, the rete cf solidification CUBES up 10 More greaver veluas than when
pouring it into omet fron moulds, Ap e coneequense the escaped gas hubbles are fixed in the
extsrnal skin of the contiguous castiag, Therefore the mould design aust provide for de-
creased heat resoval 1n the upper zone and at the vernsrs of the sould g0 that the rete of
s0lidifioation ware not greater than thet of the 88e rvoiution,

Sowme observations of tha pouring procems and visua!

exaainstions af thg castings
surfecs hava shown tnat if the atream of the

Belmi running from the tundish into thse
#ould is unsetisfactortly orgeunised, 1i ieada to 8p1lling the metul on the surfeos of the
slad, A s00d organised actal etrean Vep oblained shen pouring the agtal through bhigh-alu~
ainious acselss heving oorundua inesrts.

As 1t wae showuby the rosults of ths parturmed investigations o greest influenece oa
-8 -




the quslity o2 the contimuouaty castling ourfaces of risaing stesl was sxerted by ths

lubricent ov the sould wells, 4n irregular foeding and distridution ef the labrioant along
the perimeter of the wookiag cavity and /nsufficienty vircosisy lesd to t4s quiok burning up
and tc the uetal wticking to thewalir.It hes heen feund out thet the teare of the gkin tng-
tiated whan retaing ine wmoula are flocded Oy @olten wela) ax the mould is lowered.

Due to tbe interestinn of thne wetal end Lhe oxldised skin gae

bubbles are formed,
In the sonswjuence of thu nigh rate of aolidifying they have

8> tims to oome to the gur
imaltaneoisly o rough fulding and
weuwit valle sre tnsuffiotantly

face end are fived 1n the erterus: .kin of the *Peting. 8§
#oililngs ars developed on wne surfmce .¢ the alabd, ;¢ ihe
lubricated,

In the course of 1ivestrgaiisne 11 was mieo roand
sould oecursd due ta the cxldsticn of the
anrd by thet shaurbel by the atres . and
ding atmosyhere,

Bpeaial meeswrs have been tuken Lo iHmit

WUt that the metss totiing Lo the
varhon be'h by the 0xyder contalnad in the mgial
‘th: wsuirface of tine moltan metel frow the surcoun-

e emount of Stygen shgorded from the
atmoepiiers.

Ar o Terult of thaoretioas investigeaticns nd practics)

rsmearchd carried out at the
Novo-Lipetsk and Cherepovets Irou eni Stesl Yorks thy Prineiprl process parsmeters of oxy~

4 rollimg the low-omrbon riasing steel to pro-
duce oold~rolied whests for uee 1n aulavediles have barn determired.

Casting an exparimental conmercisl betar of the low-carbon riaming eteel at the Novo-
~Lipetak Iron and Cteed Yorke, roiling {t et the vherepovets iron and Eteal
At the motor-ver worke of the Suviet Uniap Bave shown that tne qu-' ity of
in automobiles fully meets the hjy, speciflcatioas of the motor

gean=converter operaticu, continucuc cagting a2

Works and using
shest gteel ror use
“eur tndustry,

Scutinuous casting g_.ga:umlnlu_l!:glbi.{_l__lﬂ~g_§‘!‘ol to _produce
the iavigeing sutomob.ile gheet

Industriel teohnique of continuous cagting or AluBinlam-gtabllized eteel te predues
ths nsn-qgeing autesobile sheet bas baen developed by the TSNIIChN in collaboration with
the Novo-Lipetsk I[ron wnd Stesl Works for the first time ig the world oraatioe,

At the tarly stages of the davelcpment of thig technique the principal aifrficulties
1a cntin‘ thie stesl continuously wars counnscied wivh the non-unifora aluainium digtyi~
bution in ths lasdle, the s2condary uxidation of the gtegl Being cast end the abaence of
refractories providing foi1 2 stable onstling of ateel at 4 steady rste,

Ag & rssult of research the following methods Pave been dcveloped: methodw to Teed
the alusintux sdditione 'n thoe course of Jdeoxidation providiag foy their maxioum
efRotivenese and unifors dietribuiion aiong the height of tne Poariag ledle;

feed the metal 1at5 the mould without bringing the molten stael

mathods teo
into e contect with the
atmosphsre. Opiimil meesures 10 protsct the metal from the secondary oxidation in the asould
Bave also been dev:loper.

The developed techuijue of continuous casting of the aluminium-stabiijeed steel
{2.5 xg per ton) that be. been worked out allowed the elabe to be produced providing for

& high quality of the cold-rolled sutomobile eheel. A gurface quality of eheets m™olled

from continuously caat aon-agelag ateel ulebs war rultabie for Tetulaccuring factel parts
of autosobiles.

High plaetio prupertiee of sheete and good pressability of autoaobile parte hasve
been predetersined by the high chealgal homogenelty of the continuous casting,

The mechanicsl properties of ghonte e¢xceed ths spenificetions of the respective
standards,

-9 -




Ca the bueis 0f 2 licerce sgreement betwsen ths ¥/0 “Lirceneintorg® snd Cobe Stesl
114, of Jepan the technique of continucus caeting of alusinium—stadilised steel developed
by the TSNIIChM and the Movo-Lipetek Iran and Stesl Worke wag introduosd et the Nissin
Stmel Yorks, Cure, dnaper.

On the rafcrence of Japancse experts ihe cold-rolled shert producsd eccording te the
Soviet technigue on the continuous cesting plant of the inviet denign well measts the Bigh
requirencnty of ths Jepanece Bolor-cxr wakers,

Peouierities of toe noniibuous nmatiog of

sguers bioome

Square blooma aosount four en important yortion of the total production of oontinuously
ount stael, Thua 77 par cent ~f wi! ine planis in the world,exrept the DSER, are i{ntended
te proigee bioowe Tor hare; 1.3 per cent, ror a mixed rapge of eeotiont aci only 10,5 par
~amt of the pionte prodvoe rlabsexluaively.

Iu apits ©F *he (a0t thet in tae nsarezt future (by 1371) the relative portian of
nlants producing slese ALll Te fnereeacd and toount tfor 37,5 par ceat mainly an a result
of %b#ir constiuction at tne works eni shope ef high outpu®, tha portion of plants to pro-
duse bBlocme Tor bets v.il rem.iu ~ather large,

A lacse wnuet of lrvestigaticns to rrafduce thae sontinucusly cast square stasl blooms
hrs %een ovu:ried nut by *he TINIICAM 1n wollaborstion with a ausher of fren and steel works.,

Tha prinotipel regulariii-n of rhaping the bloom and tha influence of the ocontinuous
oset proocess Tectore on the production of ihe qualisvy bloome nuve been entabliehed.

Ini the course of developing the techniue of produning the continususly nast blooms
gooe difficulties were met duo te tie itaturilon af Lhe Wloom shape and the appesrazos of
cepcre ond exiel porosity,

The initiml ulnge of the 5loom shupe Aiatorsion ie brougpt about by the smergense
of en irregula. g7s Rep that siiarply deoorassses the nrat removal snd lesds t5 sn uneven
ccolioe slong the perimeter of the bloom by Aiffcrent valuea of the friotion foross hetwssa
the polidifyins akin wnl the wulls of the wduld siong ite perimeter as well as by ths non~
=iniform deformsiion of the bloom ekinm ot tha uprar pert of the mould as « result of its
tniuffiolent strength. ,

It was found out that rounding the irners of the aoculd ccatributed to dsereasing
tie bloom shepe distortion {{ts rhomo~1dity). .iome dearsese of rhomboidiiy was gained dus
to the uss of wavy~d aurface asd & pra;cction in the centers of the mould wallg,

The vse of sbaped mcalds, exotarrazic slag mixtiree, holding devices in the gpeocon=-
dery cooling sone amde it possibly tn ronmidersbly deorease the dimensions ¢f shepe die-
t~rtion. However, thie distortion ocorntinued te remain mppreaievla,

daring ‘nvestigated the peciisritles of the crystmllization of the continuously omst
souzve dlooma, the moulds of spscial desigr wure deveioped, which allowed ideatioal com~
ditiona to cocl the corners ¢’ a continucusly onst bleoom %o be provided for. The uss of the
moulde of suoh & type amds 1t possible to produce cest bioome of correst geometrioal ehaps
az wali as to eliminate the interaal corner orecks,

» meat imporvant provien encountared in producing qusiity rinished bars wes the
arnial porosity present in *he blooma.

Tt wea eatabliah.d by the TUNLITChY'a investigatione that dimensions, shaps and locae-
Lon of mon-eo0lidity in the axlel sone depended on the struotire of the bloom,
Research on tha prircipal regularities of solidifying and building up the strusture
-,0-




of & oast hloes =especielly 1o the azxial soxe and the applicstion of the knowledge to zer
tha optimua etruoture of i hlcom have naie 1t poevible to produce quality finished bsrn.
It bae beon iound out (hal 40 cnarscteristic tyoea of stracture develop in the
csst bloca,
The fivei type of viiuvtors ie c:aractarized by the prasence of two zenaw, vir, a0

external soue of 1little crygtele and & zorne of tne colusnar crvetaliizatton spreeding o
the centas arle 3f o 2illet, Surh « iy, 8 ol gtreeture appsars under e conditjons of fp-
tensive heas rezoval, T Lrregularity of the s0lldlfying feunt lemds to the concentration
of ehrinkege locaesness i the content zoue af co.umner 2rystals arowing out of the faces of
the bloom sloug the thermie cetdiral lire,

The secerd type of hlecm sirudture i Gherssterizsd ay the jresence of tnree zonss,
ri3, & periph~ral foune of ittels conotein, & Pone of colnamar coystaln Raving a 1 'mited
sprowiy and randecly orienied arystals {u the siinl g1ae. In zai1difying the arsaes f axial
povasity is “i3ed in tne centvil 29ne  onrmigtisa of rendea’v orient:d crystele, 1u 8 re-
it of thet the axial porreiiy 22 dluni=ibrted bk roughou.

jonn~,

the winela volume of the central

A eubetuntisl Influcios sa the arredding of toe odlumnar crysial sons ss wall as on
tae reletiona b:iwecn the 2on:n of %ha coutiaususly deet blooa tu exarted hy ias snaiyeia
of stesl and ita prevartiey devenaiad by the range of teznarstuce batween the oryetallisesi~
ca abexrt end fimien, by the vraditona ~¢ the nemt srchang s hetwseen the btilsom and the sa-
bisnt medium, Ly the wovamand of “He %vigl at ‘he tisme ¢f eolidificetion, and Yy the non-
tent of gases, ifupuritivs enl lrsivelions,

Proaseiing from tie hipotowusls of u volune-asquentisal cryetelilzation, the following
gchepe of aolidifinstion . f e coultiwous castiig can b2 puggestad,

Ae the mu)ten zetwn’ ccled tnio ron%tect with the @ould walie w thin leyer of rendamly
or.entad oryntwis is develcped, The Srigization of this Yajer may be ouueed by the super—
cood ing geouring at the mroment of contact af the wetsl with the walls of the mould. In the
consequence ¢f it a lerye numder of nunleation centers mppemr snd 1ittln aquiaxial crystels
produoing ths skxin layer intoaivaly krow eround them, The thickress of the peripheral zome
of the randomly oriented litile c.,sinle 1o 310 mm, Inveatigetiocs carried out by us on
the onatings produced of the agteel of - ifferent chemical =znalysis (2o0r inetance, &t,10,
St.5, 3¢.%, 3%.4%5, 630, 408, B0XIC, 20X, 30X, 15X, 20%H, 30xM, 4OXH, 20%M, 12XH3IA, eto)
ullcwed us to estebliah  that tie thioknesy of this zone doee not depend upon the cheni-
cal ocoapomition of rised (within the inveetipated llaita). spparently this lc woocounted
for by ths identlty of the heat-dependent physiosl prupartiss of the Aiffersnt steele at
the tempersiure 010s¢ to the cryetallizetion tempersiure. Yariationa oy thie sone thickness
ave d1otated bty ohapging the heat - remcval Intensity thzough Aeveloning gas gape along the
perimgter and length of the aduld ss well sy theough ludrisent and elsg peneirustion lnte the
(ntaretiocs batween ths polidifytng metal end the aduldl walil,

In the caurse of furtder solidifiomtion the skin of t!e casting eeparstes frem the
#alle of the mould dus to its shrinkege ucd the didensions the gas gap inorease whereby ths
heoat removel 1is slignhtly desreaased, i ah- uid he noted that (t was repentedly pointed out
in the technioa! litexrsturs that for o extant of 00 -40D ma from the motal lLevel there
cxisted o ev~oelled sorzs of tight con’zot betwewo the vioom wnd the mou.d wails. However,
the recent sxpariments cerried oul by modern and relisble Bethode have shown that the contasgt
{0 disturved immediantsly after the solten metal touches the wall of the mould and that thie
contact is of a broken acture along tae rthole leng*h of the would,

Nowever, the skin »of ths billet is very thin st this soment and the heet s remoxgd
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in » definits direction, v 5, eur of tns solten setal to the conper weater—2o0led walls,
1.9, 1n the radial direation, Onder tieae conditions it is thoge uirstals the arsg of
whioh coincide with the directian of peat reauvral thet grom very tn

tenatveyy, Thug, s 8o~
lumner cryste; zone s faraed. Tha aoming of thig gon

® o¢iurs under the cond{tians of
Abatnce of ar sndruc.ante SULercoal sy ran the rnte ar 301 idif{~ut;gn 1a SHEFL Lently
well desorthe. by the orinciiul jae ,p the mequentig: *ry. talligzattian teury,

Wiile the CRLL (I, e . Yheosuweh tae aengg RIG lhp scusndary Er0ilng zome, the

+* a8 A resull of ), fa't that the
value of the lemperature gradien- SETRINE Big't and bhe 801 di" 1t gkyp 1o of 1{itle thiek~

vIte reqamin premorved,; the

intensity of directay Neml regayvgi renAlng wesrge el

Bass. Hence the couditinng 1.1 Mo Wir o ypapp ITYate]

thickness of the iattep oAy beliame dulstantsisj Je;mmi‘rg G The chemigal compuait.on of

the motal wnd >n a nueber i techoslapiagl Taceor,.,

The thickness of ty- 9011t el set .y’ Ay Eo0dially 1!1:,?-.“«».' 'te thermel ragfa-
tance to the heat iemavai NReNSLClen, thw teniapglure Eraalent at the croge a=ction of
A crystaliiziag 51401 lecreages an. the rate of the gromen ,p the columnnyg OrYstaly deca-
lerntes, Ap the teaperiiure grog: n¢ #h the (tvartune of suiil ang Pijutd phag s hecomeg
the growth o orys-~
Present {n the Molien g~

iVA8 e Lelasen the [gtier
(moatly wt the bouunlaries of tha elenitar ervaleisg) and Bt1l: ep

@inimal, the growts ¢ LAPE BN XY KT S cryotals fiminateg, g swidttinn
tals is aigo deceleraved by a0 rnectinley ot Tonurities thet ara
tal, Some of theae partielen pravw ie4s thp Cristals, otnapg

€78 Are prasuad hy ths

8rowing crveisis to the nanire of tne S“leow, as & rasuLl Lhe tempers,yre 2iong the opogas -

~#ection of g blogm g Fausitzed wnd by Lervermture wradent “eCreants, dy tnig tige ™
Corm ny Cragnenty ..* icnlmtn.
sose non-setalio  inclueing and Lapuritiag aee prevent

certain number of ihe centera ryeta. iy zation in the
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Ui tensously with

The basic techua! og lon! pursmetery cf casting (the tamperature

af casting, the
withdrawal sceed end the ‘ntengfty veonniery pooling)

have toen dstermined, mhioh

agity to te rrovided for tn cque
of casting different Erades of stee] intn square section woulng,

The reguits nor perfoiged wavestigations aunw thet danse toiled aetg]
duced ot o sc.table reduat:un {f cantings nuve an Pyl extag
parosity,

allowms an eguiaxial structure and o disperaed extg} por

can be pro-
structure wity Aleprrael axfat

[t was found vyt for Ltostance thai when rolitng (00 x 100 ®a dlovar of
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dius carhon ateel the exial poroalty was cowpacied gt the reduction squsl o 4, #ul when

rolling thege of to.i Bilevl al the 1 ejuction fquAL to N, (nymgt- ‘ationas have glag shown
that to compact i wyial BIrGaLty when roiling 280 by 320 am hi.lats of tha 1. alloy
steel the reduction of n-¢ leus than v 4 required and those of g wlloy tteel
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It 1a of tntersrt to produce lamgs gsactiorg and ralls from 280 by 320 am cast dilleta,
A comparative analymis of Bechanical teat dala or met
Jontinuous methads ghowg that the ality of structurgl

al cast by ceonventionsl and
seabions produned from cant bi) -

lets 18 not worse et the propecties o1 Petione manufactyred from r,lied bloeome,
The gtudy or suiphur prints end HeCPCaliuCturens aowed that tha struotyre of hi}-
1et wgq dense, the Rimtributing oy sulphur along ite croes

T8 etion was regular Lre. Wig,
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The micrcheterogenaity .r continuously capt squaTe blovas of alloy stee) grelers haw
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been tavestigated, It has been found that the drndritic sosvegeting in the sontinvously
oapt bloom is by 30-40 per nent .ower than in the ordinary ous, Thias |y he exdisined by
the Laoremssd mean rate of orvstell.zaticn sad the dsoreazed (ageilusi the ordirary)’ cress-
“sestion ol the bil'et. Yhe resuits of this {avesatigesicn ars of vrest Lapo~tance for pro- |
®uotion of high-quality pressiugs from vertinucusly cast sloome, The homog eneity of thase

produets providae for sanufacturiig varte of groat Servicesollity and with a high value

of fatiqus sirength,

Continuoue_ cesting of round seotiooa

Bound castings Urve the luwest gurfage of ¢ooling relative to the areg of aqr
“ssotion and the l:ageat time of wo.ldiffoation in asmperiest with the
lete deving the sase area of arse.-ssotron,

8olldif‘oatinn of the round vastiise probs ¢ trepscrymtallizetion fivishag in a

sae~
dther shasea of »gl-

olall volums along the aziv of tnhe sention where, us A rule, deleste diue to the shrink:ge
of metal and tnae segreyetlion are oonrsn: ratad,

The th.oknees «r tne round ¢ setiog ekla s0lidtfying 1u tae mguld fa very Llrregular,
This trregulerity decreases me sl ws the round casliog “9.13({fias bBut tae 1aveioping
bridges cause the nrocess of metal ehrinkase in \ne artel BArt of the piilet to take place
under the oonditinne of their Mindered Cseding by the woiten metwl,

Axial looeenses develipe in 20asequenze of these #rocesses The arient of ths develop~
Bant of axial ioosenves depende !n Lange ,art on tre amougt of shrinsage when con
tRe astal from e liquid fnt. o eulid atate @8 ¥2i. g4 0N ‘he degree 7
erystalltsstion froni, The wmcurt of ehrinkewe of rounis frog the L, o8 alalrniisar ateas
ie apprecotabie and the axiai uon-evitdity of thie oBeticge iw gleatiy Lromounced.

varting
irregulaiity of the

Po oompent the ax{el part .i s rovnd Castingm the Jlg.id core o7 it te effacted by
& uagnetic field at the time of svitdificatticrn, To remov2 a pop: fbiii.: ot Siveloping
QARUler segregation siripe the angnatic fie:d mebticns hee o be mastainod Frog th. gtapt
of golidification to {ta fiuisn,

The osuses of longitudinu' nurface 2racke ln tne continu. Lely cast a: lsty of a nua-
BeT of gredes have been etudied Lu Wie course U yrocens development, Tt has fuund cut that
only woulde with s reveres tupar waoculil br used in order to eliadinate trla .erect. The
®alls of tnle acuid suet bte 9¢ & corugated tnepe. The applileaiiug of
on ths woerkiug eurfece of the moui.! ras wade 't Posslble not opnly

fars oreoking dut aleo to evotd any diatourtion tellipetty) oy

A darivugstled ghepe
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the canving tmas-aeation,

A mould of round crous-suntion bas: haen devigusd wilh o differential heat transfer
aloug ite height, which ailows o regalaer hest tiangfer Lo re provided - ot the placesn
of varieble oontaol cf the oiiisl ent t: e mould o
ehaps,

The eonditions of a~condeiy couul Log ars of

produse rounds of fdeal Zecetriownd

particuler oovcern in castling ryund see~
tiome. [t s shown by investigation. thet internal Crucks foitiate In

Yon, low cardon aad low alioy etesls (ex2pt thy austent ac graies)

the billets of car—

if the water consumption
ie more then 0.5 litre per kg, “Diy" nocling of ammil drameter rogd yille

ded, L,e, aooling tae rounds iu tha alr without feeding water,

e ie recoumen-~

In oasting round eectiore frosw the ptoels contatuing light~oxid)sing ¢lements (Zo, Al
T1) 1t is egaentiel to protes: tne etream and thie gurfece of wetal in tue tundish end tn the
®euld with liquid sleg. The compositiens of slag and the methods of fesding the matal wheg

Saating round seetions have bean devsloped,
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The teohdique of manufeoturing consusad'e elsetroden froa cuntinuouwly eeat round
sestions of high allioy steeis wnd different allcyw for vaouum erc remelting (Vik) snd
slaotres.eg refining (¥9K%) procersnes Las bean developed and tntred
in vollaberation with a nusbor of steel worka,

The Qquality of rolled wetel produced by the £8k or VagR procenges
susly sast cieotrodev e at the lavel of the qual sty
eleetrodes,

uved by the TSNIIChM

from the continu-~
of retal vanufactured from wrought

The y{eld of consvmatle :ia: .;cdes madul soturend ¢¢ lesoainad atove {a by B-4D
oent bigher then that of the elsctrudes produceu by ethar mei'ciy uged enrlier,

The reeulte of the work carc‘sn sut sliowed the acrictus
oxpedient to extensively de.elng this new comselsiul awethed o
e¢leotrodes for the VAR and KiH processcs fios WoutLinuUNEiy Ra
stainless, heat realatant o hot reelatant steels and different

per

T to Le mede that 1% is
sanuleacturing conaumel'e
biliets of nigh allay
ailoya,

Po furthar improve the quality or continuoualy cast billets through theeretical inves
Sigations are oarried oul hy the TENIIChd sa in the following directions:

f. Devalopasnt of tharmo~, chemically- and trosicneresiatent refractory materisls for
1iniog the otea! pouring ledise and tundishec em well making woszles and nonewir) nogsles,
The 1atter auet ensure long tlam pouring woen submnerged under the metal levgl in the mould,

feters, wall thickness) whioh
surTare cracking.

2, Marther study of weaved mouli applicetion {wave pure
Beifee Lt possible to cast wide alabc without longitudina)

3. Kxteneion of wark on tpp.iontion of !Ne-ot-pra-uuv- pouring in combination with
setal eurfacs protectiian in the mauld with exotheranl aixtuses, 8raprite or reducing gas
(firet at all for stesk puscesaing a hlgher tendency to seeoniary oxidetion),

4, 8tudy of the two-phese zone wad itg axteasion at certain ohesival analywis ln
reletion to the heat exoheng~ conditicas telweem thne biilet mnd the snvironment .

3. Devolopment (f cxpreas-methois of e¢ontreiling tha ory
stesl,

€, Development of meth.ds for sctive laoterference {nty the sclidificution pyncess Yy
influenoang the solidif ing metal with a tagnetic field, viorasion, ultrs-aounds sni by
introdustior of additional oryutal lization centars in aolid, liquid and posder steten,

son content in tns mciten
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