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The reapid development of oontinuous steel-casting in the metallurgioal
industry of the USSR is related tc the econamio effioiency of the process
ad the rising requirements of consumers in respeot of the quality of
metallurgioal products. An analysis of the development of the metallurgical
industzy shows that the productivity of steel-melting units is growing
rapidly, and for that reason the construction of rolling mills is
charecterised by the constantly growing capacity of oogging plant, amd
of ‘wide-strip and contimious—operation seotion and sheet mills.

This gives rise to a trend towards an inorease in the weight of
ingots cast in moulds, primarily through an inoresse in the orees-section.

Owing to the way in which steel hardens, the increase in ingot cross-
seotion results in a deterioration in quality; the structural and chemiocsl
lack of uniformity is acoentuated and surface quality is impaired. Vhen
the oross-section is inoreased, the disparity between the dimensicas of
the ingot and those of the finished product is also inoreased, in other
words, the amount of unnecessary work involved in reduoing the ingot
constantly inoreases.

As the experience of the Boviet Union has shown these important draw-
backs are to a large extent eliminated by the conmtinuous casting of steel,

Aocordingly, the construotion of major new units with a total capacity
many times larger than oxisting capacity is planned in the USSR during the
period 1970-1975.




This development is based on a large-sosle progremme of work involving
theoretical research into the continmuous stoel-casting process and the
development of technology for the casting of a wide range of grade of
stecl as ingots of various profiles and orou—nctim axd on the buil
of this researoch and experience with exicti'ng units, improvement of the
technologioal processes and the dewign of basio technological units and

inorcase
mechanims in order td productivity and raise the quality of output.

The large scale of production of steel~-mmelting units with short
and stable melting oycles and the wide range of sises of slab cast have
posed entirely new requirenents for the operating conditions of comtimuous
steel-casting units. Large industrial units are plamned in the USSR to
work at accelersted rates and minimise the time lost in preparation for
casting the next melt and in readjustment for the transitiom to another

ingot profile,

Units in the Soviet Union can oast slabs with widths of from Y00 to
2,000 ma and thicknesses of from 70 to 315 mm and seotions (round, sguare)
of from 55 to 520 mm. [or this purpose, universal designs for comtimuous-

casting units have been crested which make possible the casting of a wide

runge of types and sizes of strands with little wastage of time for
read justment.

One of the main technologiocal installatioms of ocasting units is the
mould. The quality of the ingot and the regularity of opor.tion of the
whole unit depend to & large degree om it design.

Previous research showed that, when the steel was cast, the thermal
stresses in the oopper walls of the mould signifioantly exceeded the
Yield strongth. This resulted in deformation of the walls by warping or
shear drag. Warping led to the formation of cracks on the surface of
the ingot, and shear drag spoilt the tightness of the union between the
copper walls and the steel base plates.




All types of deformation increased with any increase in the sige

of the ingots cast.

Measurements of the temperature ficlds and deformations in the walls
.of the moulds madc it possible to work out a thcory of heat and atrength
calculations for moulds and to redesign them. On the basie of theorotical
and practical work, a mould hes been designed and tested and is now being
used in Soviet industry with which heat ic removed uniformly around the
porimeter of the ingot: The use of this mould has rosulted in a substantial

inorease in the gpced of stecl-casting.

In order to accelerate the changing of moulds, cooling water is
directed 4o them through two horizontal chambore placed on either side of
the mould and joined together with springs which absorb the force of the
water pressure. Whon the mould is changed, the chambers are separated
with rollers.

After the new mould is put in place, the hydraulic rollers olosc and
the chambers arc again pressed against thc mould. Changing the mould in
this way takes ro more than fiftecn minutes,

Various kinds of sccordary cooling syctems are used in the Soviet
Union. They include the screen, rollcr/watcr sprayer, bar and combined
(bar and roller) typss. The screen ard sprayer/roller systems allow emooth’
removal of hoat from the surface of the hardening ingots; the sprmr/bcr
and combined systoms make it possidle to thape wide slabs accurately.
These systems are simple to produce and do not require large-scale operations;
in the cace of an accidental break-out of metal, replecenent and adjustment are
easy; the equipment for them is lighter, and they arc more economical.

For the casting of sections of differemt sizes the secondary cooling
system iz adjusted hydraulically. The hydriulic adjusiment takes two to
threc minutes.

In casting a large nunbor of different profiles the number of tundishus
required is reduced by ucing a universal tundich with changcable hcads.
For uxample, when'slabs are cast, the tundish has the thickness of the

lhinnest one and ihe width of the widest one..




The changrable heau used sorresponds to the cross-section of the
ingot being ocast. Thaiks Lo this design, one size of tundish body can
be uged, for cxample, for iwenty iypes and sizes of slab.

The operation of continucus mleal casting units is largely sutomated
through the general use of interlocking gears, whioch link the operstion
of their many wechaniums and machines.

Systems of control-und-measuring instruments and sutomation ensure
control of the 'temﬁ'erature of th: cast steel; avtomstioc regulation of
the level of the metal in the_monld nd of the temperature of the oooling
wvater and its supply; oontrol of the pressure und rete of flow of the
cooling water for the secondary 6ooling and the mould, the length of
the slabs cast and their cutting into regular lengths, the speed of the
casting and the rolls of the drawing stand, the pressure and in-put of
oxygen, fuel gas, water, ecto.

Soviet-designed units are characterived by great regularity of
cperation, ecse of maintenance and high productivity. The effioienay of
the units has been demonstrated in large industrial stesl-casting plants,
where all the steel is cast only by machine. ' |

- Bxperionge ir the cperation of upits

The main diffioculties in establishing contimious steel-casting units
in converter shops were connected with the rapid and precise flow of melts
in the converters. The high speed of operation of the comvertors and the
continuous oasting of many ladles in one machine campliocated the operstiom
of the equipment. With such a cycle, it is difficult at the outset to
combine efficient comvertor and oontinmuous-casting unit cpoutien.

By finding highly reiractory materials for intermediate ladles,
improving the design of the basic teohnological components of oomtimuous~
casting units, ensuring a stendard quality of steel from converters, .
devieing new means of feeding the molten steel into the moulds, raising
the speed of ocasiing and proteoting the molien metal from secondary




oxidation, nomal combined operation of converters and oontinuous-casting
units was made possible and the highly productive "melt upon melt" method
of ocasting oould be brought into general use.

Caloulations have shown that merely by bringing this system inmto
general use in converter shops productivity (per contimious-casting unit)
can be inorwased by no less than 20 per cent.

Th: converter shop of the Novolipetsk Iron and Steelworks is squipped
with three 100-tonne converters and six 2-strand continuouo-outiu units
for pouring slabs with widths of from 900 to 1,850 mm and thiocknesses of
from 175 ¢o 345 ma.

The adoption of the "melt upon melt"™ wethod in the oont inuous-ocasting
unit gave the shop the following advamtages:

(a) An inorease in the productivity of the oont inuous—~casting
unit and the converters through an increase in machine time
spent on auxiliary opcrations and more efficient use of
the working iime of waintenance personnel;

(v) Improvement of tle operating conditions and quality of
repairs of the continuous-casting unitsj

(o) Improvement of the usc of intermediate ladles and red:ictiom
of the amount of refractory materials uded;

(d) An inorease in the usable output by reducing wastage

The sucoessful introduction of this process was assisted by & mumber
of measures.

The main step was the installation of lifting and rotating tables which
have enablcd intermediate ladles to be taken out of operation during long
cartings and roplaced by new ones. Before the introduction of 1ammed
linings, the maximum life of the refractory materials used for intermediate

ladles in one casting amountod to five mwelts, and this determined the
longth of the sories. With periodical change of the iutermediate ladle, it
became possible to increas: the number of melts in a series substantially.




The introduction of remmed intomediate ladles made it possidle to
inorease the life of the ladlos. Bubsequently, speocial ladles wers used
which significartly reduoed nozsle and stopper wear, a factor limiting e
ladle service during casting. The mmber of melts pourod through one
intermediate ladle (without changing it) was inocreased to eight or twelve.

In order to inorease the reliability of operation of the scoondary
cooling system and to improve the oparating oconditions of the contimuous~
casting unit during long castings, uniflow sprayers are used; the
mechanism for driving the mould has been changed from hydraulioc. drive to
eleotro-mechanioal drive; a method of removing scale from the seocondary
cooling bunker during cesting has been organized and the -odo ct operstion
in the gas cuttiu department has been improved.

In order to reduce the time required for changing the steel-casting
ladles and, at the same time, to improve the qualisy of the change-over
seotion of the ingot, a flow plan for the combined operation of converters
and ocomtinuous-casting units has bveen worked owt and applied. The tapping
of melts takss plave 15 to 20 mimutos before campletion of the casting of
the previous melt, and by the oompletion of the casting of the first ladle,
the following ladle is already on a steel car near the cont inmious-cast ing
unit oemoerned. Under this method, the change-ovur oycle for stecl-casting
ladles har been reduced from 15 to 17 minutes to 9 to 12 minutes.

The introduction of the "melt upon meli" method of casting in
contimious-ossting units in & converter shop has made possible a sharp
inorease in the productivity of contimuone-casting units and converters
and has substantially improved the technical and economic indicators for
the oﬁor;tion of the shop.

The progress madc in mustering the "melt upon melt" casting process
is showm by the following figures:




Melte (perccntager. of total malts by casting serics)

N

Frou From From From From From Prom From Prom From
2to6todl 16 21 26 1 ¥ 4 46 T
5 10 to to to to to %o to to melts

15 20 25 0 35 40 45 50
1967 8.3 91.7 0 o 0 o 0 0 0 o0 o
1968 7.3 T2.8 2.8 3.9 5.5 4.5 32 0 ¢ o0 o 1
1969 508 ‘136 1506 1207 8.6 5.5 406 205 107 1-03 0.24(:&'1'1:)3
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The over-all econmic effoct of the introduciicn of this prooess is
reflocted in a whole series of indices. Howcver, from the reduction im
wastage of metal in spoilage and cutiing alone, the sum of 1 852,000 roudbles
was svaved in 1969 by oomparison with 1967.

@ler of cagting in oo cagt:.

An inoreasc in the cepacity of stcel-mmelting units and, at the same .
$ime, in that of steel-uasting ladles to 250-300 tonnos necessitsted an
inoresse in the rate of ingot drawing and a substantial decTease in ladlo
casting tine.

Theoretioal research confirmed by many years of prectice has ﬁm
that the raie of irgot drawing depends primarily on the thickness of the
hardened skin of tko ingot loaving the aould.

The solidification face can be nmsde uniform by rogulating the hoat
removal in the mould around the perimeter of the billet, and also by
ensuring the necessary twperature reduction pattern on the surface of
the ingot.

Caloulatiors show thet with uniform growth of the skin, the rste of
oasting of slabs with a oross-section of 210 x 1,250 mm can be inoreaned
from 0.6 nfainute to 2.9 m/minute (more than fourfold). The thicknoss
of the ekin whon tho ingot leaves the mould can be 16 am.




As was pointed out above, on the basis of theoretical resoarck
mould ham been designed which makes it possible to increase the rede of
casting Ly inorcasing the uniformity of the solidification face amd;
intensifying the removal of heat from the ingot. When the. speed of
ingot drawing is increased, the gquality of the -axial sone of the ingot
is usually impaired. Jowever, it vwas found possidie to reduce the
depth of the liquid phase by intennifymg tho hardoning process through
the introduction of metal additives into the molten metal.

The metal additive particles, whioh aot au additional miolei of .
solidification and at the same time oool the moltun steel, incroage
the rate of -olidiﬁoution and reduoe the drmth cf tho liqm.d )iluo

This alone mado it possible to dsuble the rate of oasting while
reducing the time of full hnrdening by 30 to 50 per oont

The optimum amounts of notnl additives for mio\u grdu of steel
have been determined. '

. _ Exporience has shown that unifomity of the loluitioutim fm ,
and mlercuon of the aclidification of a contim!b\u-out im oan
also be achieved by the use of a vaocuum, olootro-upoﬁu fields, ultre~

sound md various oc-bimtiom of those weans.

Oulouhtion- have been m:do in tre Soviet Union of tm aaximam
rates of casting in vertioal oontimm—cwtin‘ uaits.

These auim.n rates are detemined by the following factorss

(1) Longitwlupl tensile stresses in the i:.cot due to
friotional foroew in the mould; ]

(2) Btresses due to ferrostatic prrmm;

It " is the tennle sirorve, ard " 13 th-'-tmu uwder ferro-
- statio prespure;, then the sondition of duotility gives ust ..

ANEREY S 0’).,
G - p_._.?.“.\rr (2
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- Cosfficient of friolions

~ Specilic gravity of molion ctecls
- Bffective length of mculds

-~ Rote of castingi

= Coefficicnt of harlonings

X<LTAQ

é,a 0.5¥ . M ( 'ﬁ%‘ﬁ- - z)ﬁ (3)

vhere (L, ® is the thickness of the ingot}

‘- which deponds on the temperature of the lkin.v is determined
on the basis of lincar distribution of temperatures throughout the
thickness of the skin (fram T, . = 1,500°% to T = T, , where

!m = teapersture of solidification;

s = teaaperaturc of the ingot surface. _ ‘

. The value of ‘. varies acoording to the tempsrature in the range
1,000°1,500% as followss |
d. | : «50st
g= 127,5 ( 1~ & ) (%)

‘Naving the value of 2, 0 Qe &. , we got the following
equation for determining the maxisus rates of casting for square ingots
with varying lengths of the active sone of tho moulds

r
08 W[ B o2 2) ] e o
= 122,5 (4.t

The rates actually achieved are a half or a thixd of the theoretical
maximm rates. This is usually due to the following reasone.

(a) The unevenness of the ingot skin, which has hollows and
protuberances on the inside, creating a concentration of
stresses;

(b) The nccessity of having a certain safety margin in the skin
in order to prevent breakouts of metal.
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In the case of ingots with a large uction, the main factor limiting
the rate of ou'tiu il {the atreu due to fcrronctic pnnuro. In thil
ocase, & reduction in the ooefficwut of friction does not yroduoo
l:lgniﬁom Nﬂljl. u)d the mo-‘t Qronuing course cmmd to be to
look for o. vy “of relieving 1.ho ingot ‘skin fiom the astidh 6f ferro-
static presgure, particularly vhen it leaves the mould. I‘or thil PurIpose,
effactive. uyﬂqn of secandary cooling have been worked out 1n tho Ulll
which nah it poutblo to inpreue the rate of cuting or lu'p-uotin
ingots. = o e e : . R :

The maximum rate of casting also depends on the leagth of the astive

pone of the. moyld (a"). )

When square billets are cast, there is a maxiawm value for, tht reate
of casting for each value of "a", the maximum being olearly defined for
biligts with thickness B € 300 e, With an inprease in the pection of
the ingot .cast, jhe maximum rate shifts towards larger values of the
length of the active some of the. Eoplg

e gy

.. Homever; at values of "a" of 500 m, the rate of casting is mere or
lug 4ndependapt of the length of the active spmofthclould, ,

YBig O dugt ri oastix
L § '1 ' \4. I ' !',’A.'L. z. [N}

The saxium rete of comtinuous-casting in industrial units is.
determined by & muaber of factors, the loat ilporhnt of ﬁidt ares the
_stenl ulidifioatiou period, the unitomity of tho -ondirio.ti.oa M.
the strength of he hardened skin ct high te-yonturu, its .biltty to
vithatand luddou super-cooling, cto. =

-

Experience in the continuous—-casting of steel in profiles has shown
thag the values of: coeffioient: "K* rapge from 0.20 to 0s30 t/eur *om,
In this connexion, the smaller the section of the proﬁ.lo, the faster
i 1% osn de cut, sinoe the value of %k" is larger. i

)




When slabs with a section of 150 - 250 x 800 ~ 2,000 sm are
oontinuous-cast, the value of "k" ranges from 0.23 to O.3¥.

Sontimucus—oasting of steels and allcys a2 roudd dars

The Boviet steel industry has developed original designe for the
main components of oontinuous-ocasting units (mould, sscondary ocooling
system, draving equipment, etc.) and a technology for the oomtimuous—
ocasting of steels and alloys as round bars with a diameter of up to
500 mm, at a constant rate.

The bars produced with this equipment amd technology are free frem
distortion, have a compact structure free from external or imtermal
fissures and a good ocuter surfaoc.

Round bars of tubular stesl cast by this new prooess have been
rolled on mutomatic and pilger aills at a nmumber of plamts, produsing
sesmless hot-rolled tubdes of high quality.

In rolling the tubes there was no wastage due t0 defective metal,
the consmption of metal per tonne of tubing over the whole prooess
was reduced by 30 per cent, and cames of the downgreding of tubing te
8 lower quality were ten {imes less frequent tham in production frem
ordinary ingots.

The ocost of production of the tubing was 15 per cemt less.

This squipment and technology for producing round bars cam de
imtroduced at oontinuous-casting units of varying designs at very little
cost, and they oan also Yo usad very successfully to produce electrodes
for electro-vacuum and eluctro-slag melting.

G oxti 3 £ holl toel j ts_in the Bgviet Uni
The developmont of many branches of technology is at presant hindercd
by the lack of any satisfactory cquipment for mase production of hollow

ingots for large-diamcter scamless tubes and of tubes and sleoves from




urp-ruiltmt liuh“u alloys. PFor example, the construction of
lu-p thoml mr utltim is held up because of the diffioulty of
producing tubes with a diameter of over 500 m and a wall thickness
of between 0 and TO ma.

. ,The centrifugal method of oasting hollow ingots used at mm
' iu. comsidersble drawbecks. The ingots produced in this way have to
| ] ovlt off from the butt and their outer and inner surfaoces machined
%o remove pick-up and non-metallic impurities.

The produoticn of hollow ingots at ocontimuous-casting plamts will
make it ponibh to inoruu the yield of usable astal oconsiderebly,
to redwce onpitnl oqnditm in the ooanmotion of new tube mills
nl. as a rcnlt. to reduoe the oost of production of tubing, parti-
oularly fru hiﬁ-.lloy and warp-resistant steels and alloys, asd to
open up new possidbilities for the production of large-diaseter seamless
tubing.

The question of how to produce hollow steel ingots by cemtimaeus-
- oadting has been receiving attemtion in the USSR and other cowntries
for may years. The Nennosmann Company in the Pedersl Repudlic of
Germany is working on the matter.

Oantinuous~casting of ingots of ciroular oross-section reises
greater diffioulties than rectangular amd square ones. Ih casting
holldw ingots with the uss of s imternal mandrel oertain 4ifficulties
arise in’ connexion with the oonsidersble shrinkage in $he solidifying
stéel. The skin of motal formed om the surface of the mandrel olings
R 1t, which hinders and may cven prevenmt removal of the ingot. At the
sane time, the frustrated shrinkage oauses longitudinal orecks in the
skin.

Rany sttempts have therefore been made to produce hollow ingots
by osusing the metal to oongeal ovenly om the surface of the mould
without using/internal mandrel. The ingots produced in this way,
however, have had an unacceptable variation in the wall thiokmess both
lengthways and orossways and ring-like cracks running arcund the owter
surfaco. '
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Work done in the Soviet Union has shown that the most promising
method of oontimious-casting o hollow ingotc is with an internal
mandrel moulds Only by this method, if properly developed, can one
be sure of getting billets with a minimum variation in wall thiokness
both lengthways and crossways and with good external and internal
surfaces.

After preliminary theoretical, experimental, design and t«bdloﬂosl
work, the basic principles governing the prooess of hardening hollew
ingots have boen established and equipment for vertical-type industrial
units has been installod and tried out.

A number of new devices wore used with these units, including a
mechanimm for rotating the pouring apparatus, a special mould awh‘
an even golidification face, and induction rotator amd soreen secondary
oooling with an induction devioe for elect ro-magnetical treatment of
the hot metal and its rotation during the prooess of solidificatiem.

In oasting hollow ingots an internal water-cooled manmdrel is
inktalled in the unit mould.

The working part of the mandrel is coniocal in form. The shape and
length of this part depend on the dimensions of the ingot being ocast
and the type of steel.

Experimental casting has shown that with this equipment and
teohnology hollow ingots are formed and drewn regularly, without the
internal skin olinging to the mandrel and without hot metal breaking
through into the interior of the ingot. A method has been developed
of delivering the metal into the ring-shaped space between the mould
wall and the mandrel, and alsc a method of oooling the internal surface
of the ingot.

Hollow ingots preduced from oarbon steels have good inner md
outer wsurfaces and a sat1afactory macro-structure.
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Hollow ingote can he produced Ly this process for twbes, rings,
alecvu and other producis designed for various purposes.. In partioular,
it ic pomublo to produce lnrge-diamoter scamless tubés, high-quality
hollow iﬁgétn for pilgur mills, cheapor and betier ihgots for wheel
rolling and hollow ingotc from high-alloy and warp-resistant cradus of
stecel and alloys.

s

Cont inucus-oast ingots have the following udvantngon
(a) Greator yiela of usable mctal (about 15 to 20 per cent
more than with centrifugal casting);

(b) Minimw variation in the tube wall thicknoss both longth-
ways and orossways (2 to 4 per cent comparod with 10 p-r
cent for precsscd stcel sleeves);

(o) High-quality outcr and inner surfaccs;

(d) A nigh degree of chemical uniformity in the ingot beth
longihways and croocways;

(o) Dispurval of shrinkage dofaots within the ingot wall
to an arca away from the working surfaces. .

The rosults achicved make it alroady possidle to set up vertical-
type industrial installations for oasting hollow stecl ingots of:
various dismmoters and gradcs for tho production ~f seamless tubos and
wheols.

' The increusod volume of goods carried by rail, the grester lesd
carfiod by cach trensport unit and the increeccd speed of itreffic makss
it necesrary to have bettcr-quality 1ail with a longer life.

_ | One way of increaaing the iife of rails iu 1o produce thes from
alloy octoel. The uso of wteel with 0.5 to 1.0 por cemt, of olu';niu.
Por example, has incressed ihe lif'e of the rails by 50 por comt.

An cffcctive method of improving the quality of reils made frop
oarbon stecl :o heat treulment, for cxample, oil hurdening followed by
tunpering, which incroases the life of the rmils Ly 80 to 100 per cont.
Howcver, this doce not solve the problem completcly.
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One way of doirg sc is 0 produce reil from oontimuous-cast ingots.

The higher ratc of solidification of the metal in continuous-
oasting as compared with the traditional method produces a finely
divided crystal texture in the skin area on whioh the surface layer
of the reil oap ia formed in rolling.

The considerably shorter hardening period for oontinuous-cast
ingots has a good effect on the distribution of additionsj; ocomtimuoue~
oast ingots are characterized by finaly divided non-metallic impurities.

When cont inuoue-cast ingots are used to produce reils their
qualities can be exploited to the full.

The trend in Soviet metallurgy towards oxygen-converter steel
production has determined the dircotion taken in rail steel melting
research. The combination of the oxygen-converter method and comtimmous
casting gives the best economic resulto.

One of the main difficuities in the production of rolled steel
from oontinuous-cast ingots for highly demanding uses, the macro-
structure of which has to pass inepection, is the presence in the ingot
of axial porosity and related axial liquation.

The developmont of axial porosity in contimuous—cast ingot is
influenced by the chemioal composition of the steel, the sise ani shape
of the ingot cross-section and the baagic technologioal paremetsrs of
the casting process.

The higher the carbon content of the ateel, the greater shrinkage,
and oonsequently the greater the axial porosity and friability. A
similar effect iz produced by a reduction in the cross-gsection of
contimious-cast stecl, which means & reduction in the speoific volume
of metal per unit of heat-rediating surface in hardening. Thic leads
to copecially marked development of the acioular crystal region asd to
the ocourrence of concentratod porosity along the thermal axis of the

ingot. 8uch concentrated porosity and friability are not, as a rule,

ramoved by subscquent pressure Lreatment.
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Thus, in order to rroduce :olled steel with o satisfactory mecro-
strwoture, it seemed advisadle to use large-section oont inuous-ocast
steel. It was established that to change over frem comt inuons-cast
steel of square section 0 & reviangular sectien with s low retio
botween the sides helps to disperse shrinkage pores. Inoressing the
redlo between the sides leads to the appsarance of porosity amd
liquation concentrated along the major axis of the aross-sectien of
ocelntinucus oast ingots.

nm ntornutin Bethods have been investigated for outtu steal
omxmlyumumnmxmwaeumu zso:sdo-.

A-mm-uormmermmaooxm-mmurq
section 250 x 360 mm were rolled imto heavy reils.

The rolling of . the MM ingets imto heavy muils amd
all subsequent finishing operetions were carried out in uom with
tho Sechnology mormally used.

 The mt-o-nmotm of the sample reils was tosted ia unlﬁno
vi.th mnty ou\trol ltulnu.

The wmoro-structure of all . ails produced fren comtimmeus-cast
ingots of section 280 X 320 m was mumm.

The mro-nmctm of uu- from pomtinuous—cast billets of
Sestion 200 x 320 ma showed weak axial liquation and there was ne mep-
metallic take-up.

This sarked improvement in the macro-structure of the reiis wes
achieved by selecting the optisum techmolegical paremeters for mmelting
rail steel in an oxygen comverter and oasting in & contimwous-casting
unit: metal temperature, rate at whioh the ingot is dream md intemeity
of secemdary ocoling.

The meclanioal properties of the reils met the stasdard reguirenents
oml did not differ from those of reils produced from erdinmary ingote.

Thus, the structure of the metal of reils rolled frem ouat i pasus-
oast ingots is charecterised by a more gramular pu-luo pattern
oonpared uith that of standard reils.
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In order to evaluate the economic aspects of the production of
heavy rails from comtinuous-oast ingots of 280 x 320 mm seotionm,
after melting of the steel in 150-tonne converters followed by
ocasting in continuous-casting units, caloulations were made whioh
showed that the saving with the new method could smount to 4 roubles
per tomne of steel. The economic advantages of the process are due
to the possidbility of a large reduction in the consumption of metal
(by comparison with the traditional method of casting in moulds with
subsequent oogging) by 203 kg per tonne of ingots cast and a reduction
in irrecoverable losses by 33 kg per tonne. This means a reduction
in the relative consumption of deoxidisers and suxilisry materials
and reduces the relative volume of expenditure per mmelt.

Sualitx of outmb areduced Lrem comtimsus-oast inesis

A special characteristio of ocomtimuous-cast ingots prodwoed in
& oasting unit is that solidification oonditions remain ocomstest along
the whole of their length. This uniformity of solidifioation conditiems
&t all levels in the billet gives it a high degree of structural and
chemioal homogenecity.

Megional liquation, both across apd up and down, is oonsiderably
less than in ordinary large ingots and varies between 5 asd 10 per
oent. This advantage of oontinuous~cast ingots is partioularly evidemt
in cases when the metal is 10 be used for products whose sulphur amd
phosphorus oontent is strictly regulated (shoet steol for motor-
vehicles ani for spcoial construction purposes). In suck oases ordimary
ingots are not wholly suitable because they have comsiderabls liquation
in the upper part.

In addition, continuous-cast stecol shows & more highly diwperned
dendrite struocture than the usual kird.

Theae propertics of continuous—-cast stesl are kept during subsequent
hot deformation by rolling, forging or preesing, ensuring unifors
proporties and composition of the final product of the whole mmelt.
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In the axial region of mmall-section oontimmous-cast ingots nade
froa high-ocarbon steel the carbon distridution is uneven. The meximm
degree of non-uniformity K, i.es the ratio of c to O ain! is
1.60-1.90. After such ingots have been rolled ull given the usual heat
trestment the non-uniformity of carbon distribution is somewhat reduced
88 & result of the equalising diffusion which ocoours when the metal
is kept at & high temperaiure defore rolling. The maximm degree of
aon-uniformity is 1,36-1.40. | no\nvor, after dofonstion, ltmt\\nl
. sem-upiformity ooours, ﬂiﬂ is not alnn momid by uneven oarben
distridbution and whioch is also maimtained during the \wul hoat
processes. This ncn-\mitonxty oombined with even ou-bon u-muuu
in the axial regiom is reflected in a difference im grein sise apd in
the macro-struoture of the axial region by camparisen with ihe useal
metal. '

Thrgugh the adoption of special plastic defermetion asd haat
processes, the non-uniforwity of oarbon distribution cam be almest
ompletely eliminated, the value of K being reduced to 1.01-1.04.
These processes also ensure & umiforn gramular pearlite stracture |
over the oross—section of ths axial -egion. Btohing revesls aa oven,
uniform uh'-ﬁctm in the rolled steel. A comparisen of the properties
of metal ’Muodd by the umial method and by contimuous casting shows
that after application of these processes the resistance of the netal
% bending is higher for comtimmous-east stec] tham for the usual
product, which indiocates that the former has & high structurel eed .
oarbide uniformity. Processes havo been proposed whioh open wWp the
possidility of further improving the properties of ocomtimous—-cast
steel by 20 40 40 per cont.

Nass-production rolling has shown that for sheets of vrdinary stecl
five 10 oight Lasses are enough to reduce the grain sise and give the
netal the necessary density and mechanical properties. For high-quality
oarbon steel ten passes are needed apd for alloy steel twelve to fifteen.
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In prooemsing large carbon-steel ingots a nim of eight passes
are needed t0 ensure the quality of the finished product, apd in the
oase of alloy siee), twelve.

In rolling mall carbon-steel ingots eight passes are needed to
easure quality in the case of ocarbon stesl, fifteen in tho case of alloy
stesl and no less than eighteen in the case of high~alloy steel.

. |

Ian the Soviet Union continuous-cast slabs are now used $o produce.
hot-rolled sheet of oonstruction steel (standard quality steel, ship-bmildisg
stesl), a mmber of low-alloy steels and stainless steel with or without
titaniwm.

Comperativo studies of the mechanical properties of hot-rolled stesl
produced from ocomt inucus-cast slabs of oxygen—oouverter carbon steel at
the Novolipetsk steel works and from open-hearth steel sheet prodwoed by
the ususl process at the Ilioh works have shown that sheet (with a thiokmess
of 10 0 20 mm) from oontimucus-cast slabs has s strengih, yield point and
relative elongation which meet the required standards and are equal to those
of sheot rolled frca ordinary ingots.

The impact strength of shoet steel 14 and 16 mm thiok at a temperature
of ¢+ 20°C is alwo up o the required standard, being not less than 7 wuzo

Tests have been carried out in the USER to compare the quality of
oxygen-converter sheoi steel for ship=-building de-oxidized with e high
proportiaof aluminiuvam (1 kg/t) when cast by the continuous method and by
the t¢reditiona) mothods The mochanical properties of the stecl under
tension (strength and plastic properties) and the results of bending tests
were identioal for steel produced by all the smelting and oasting methods
tegted.

The impact strongth of sheet carbon steel (de-oxidized with 1 kg/t of
aluminiue) from continuous-cast slabs of oxygen-converter steel is gruster
than that of sheet from ordinary ingols produced by the ox&pn-convofior anl
open-hearth proccuset (at temperatures of + 20°C, O and - 20°%C).
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hmt lt.!nh (sverage figures),
' for various sheet
‘ thiohuul, -, and

teaperstures, °C
Saelting and outu‘
‘method - Sheet thickness Sheet thickness
10-12 == 20m
» 20 0. =~-20 +20 O - 20
rter N X 5.8 4.8 6.8 4.8 3ed
or, 10,2 T.5 55 10,5 1.8 37

Open hearth, traditional 6.4 46 35 6.0- 38 23

l%

The susoepiibility of stesl 1o age hardening, is precticelly idestioal
whether 4% is oast by the comtimuous or by the treditiomal method.

The hot-rolled sheet and strip of rimmed sieel produced st & mmber of
)Iuto hmmauuuuuiumuummmw slade
pests all tho roquir«l standards.

lct-rouod sheets of stainless steel with or mm titaniwm M
froa ocomtimous~cast slabs mest mtn-mmmwhm«
qality and mechanical properties.

Sualiiy of cold-rellst shent

Acachile shevi stes]. Bxperisents were carried out for & mamber of years
st various plants in the Soviet Uniom with the contimucus-oasting of slabe
of rimmed opu-huﬁh. sleotrionl and oxygen-oconverter steel for the
production of autamobile shest steel and tin-plats. These experiments were
. seccessful in 1968, when & large industrial batch of 10,000 tounes of
oxygen~-ocoavertor low-carbon steel slabs from the Novolipeisk steel works
were rolled into sheet with a thickness of 0.7-2.,0 mm.




The yield of grade-onpe oold-rolled sheet was 93.5 per cent.

The yield of grede-one cold-rolled sheet from "08 kp* steel was
95.1 per oent. As regards drawing yroportin ard mioro-strmocture, the
oohl-ronod sheet met the required nmum for very deep drewing.

Pressing of parts at car factories showed the sutamodile mn sheet
40 have good pressing ad drwing properties.

Wastage during pressing was oither nil ‘or at the current production
level, and in any case not greater than 2 per oemt.

ZAR-plats. At the Elektrostal works and tho Nagnitogorsk Netallurgioal
Oemdine hot-tinned tin-plate has deen produced from an industrial detoch
of ocast slads of "08 kp" steel. The surface quality amd mechanioal
properties wers tested according to the current standards. The yield s
98.72 per cent hot-tinned oanning-quality tir-plate, 1.26 per oent multi-
purposs tin-plats, and 0.02 per oent wastage.

Pressing showed the tin to have good plastio propertiecs. There was
20 wastage in pressing. '

Sold-rallied tranafommer giegle An insignificant degree of liquation means
that the ocontimuocus-casting process is efficiemt for the productiom of

00ld~rollod transforacr sheet. The electromagnetio propertios of this
steel are oonsiderabdly affected by nom-uniformity of the ascro-structure
and chemical oomposition of the ingot. Whereas in the usual ll-tomnme
ingot of tranuformer xteel the degres of liqustion for oarbom, sulphur
and phosphorus varies betweon 150 and 250 per cent, in contimuocus—ocast
ingots there is practically no liquation for carbon, mangmicee, nickel

and oopper, cither vertically or crossways. The mmall variations in the
oomtent of wulphur, phosphorus, chromium and nitrogen are within the linits
of analytioal mouracy. |

The yield of the highust grade of trensformer stosl from couuuuou—
ocast slabs was 65 to 70 per cent.
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. mechanical properties of profiled rolled steel with a dismeter
of 12-14 m produced from oomtimious-cast ingois of oarbon steel with
section 100 % 100'mm meet the required standards.

Osrbon rtul ingots with seotion 100 x 100 mm have been uud to
produce wire rod with a diameter of 6.3 mm, nbnquontly dmn to wire
with a diemeter of 2.5 mm, which, after amnealing, was drem t0 wirc with
a dismeter of 0.98 m. The lochniqn properties of the wire rod amd
wire met the required standards. |

ccnt:lmm-om :lngoh of rismed ocarbon steel with section 150 xz 150,
znoxzoo, 2Nxmﬂ175xm-MMMtomll noolor
round, nquu-o ua imgnhr profile. After eight passes, & M of
steel with a satisfactory maoro-structure was obtained, which met the
required standard. | | B

Bxperimental batches of ocat imious—cast ingots with section 290 x %0 -
of suoy -tnl -oliod in mn oxygen oconverter were rolled to dinensions
100 x 100 mm. ‘The results of mechanical tests showed $hat ihe rolled steel
tho roqut A standards. '

Imtl of . nu-bon, lou-d.loy uul slloy ntnl with ncttcn 250 'x 280 =
are profuced industrially st plamts in the Soviet Union. Such ingots are
used to prodwos hid)-cndo rolled steel with s dinotor of 120 and 10 =
and a8 eleotrodes for electro-slag melting. The quality of the rolled
stoel after not less than five or six passes meets the required standards.

Contirmous—oast ingots with sectiom 280 x 320 sm and rolled ingots
with ssotion. 100 x X0 mm have been rouod into ohml bars and girders. .

The mechaniocal properties of profile stocls from oontimicus—-oast
ingots are found to be the same a8 those from rolled ingotss Thelr
structure is dense, all the way scross, without any vestige of the oast
structure, and the sulphur distritution is even. '

Satisfactory results have been obtained in rolling scamless vater
pipes with dimensions 89 x 3.25, 60 x 3.75 and 6 x 3.5 mm from ocomtimucus-
cast hollow ingots with section 150 x 150 mm.
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pautiguous-cagting and rollir

With a view to the production of hollow ingots by combined ocont imuous-
casting and rolling in threc-roller stands a unit has been set up in the
USSR oonsisting of a oontinuous casting plant of the radisl type (with a
mould of clover-shaped oross-section), s high-frequency induoter for
equalising the tomporature across the seotion of the ingot, a comtimuous
rolling mill with four thres-roller stands, squipment for outting the
rolled metal as it moves along and withdrawal equipment.

In this unit the combined process has been operated regularly st
oasting rates up to 4.0 m/min. Suooess has been achicved in equalising
the temperature across the section of the contimuious-cast ingot before
the mill with tho aid of a mobile induction devioe feod from a high-
froquenocy generstor. A system of controlling the ocombined unit frem the| -
contimous-casting unit control post has been developed and sucoessfully!
operated. '

Tube blooms are made from the round ingots produced at the unit on
tubs-piercing mills. The blooms are rolled into finished tubing. - Tests
$o investigate the piercing of ingots on comical forms have showm that
rolling the ingots in the combined prooess makes the ocentral region more
solid and improves the conditions for the formation of the tubgls intermal
oavity. Thus the use of ingots produced by the oombincd oontirmous-casting
amd rolling method ensures the production of tubes with good internal
surface quality,

In the production of hollow ingots in a combined unit the throughput
of metal starting as liquid stenl is roduced by 275 kg/t as comparod with
the usual method of production from traditionsl ingote and by 63 kg as
compared with production from rectangular oconiimuous—cast bulof_- rolled
on a tube-rolling mill, owing to the reduction of waste and the elimination
of end scrap during rolling.
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Soviet-designed plamt for thé coniimucus—casting of stesl is used
%o producs ingots for subsequemt rolling in rolling mills.

Contimous—ocasting units produce round, square, rectangulsr and
irregular-shaped ingots.

At new large-capacity plants in the Boviet Uniom equipped with
comverters or electric arc furnaces, differemt types of comtimous-
casting units are used, depending on their techniocal amd econmic
advant ages.

The productivity of contimuous-casting plants is oconstaxtly grewing
a8 & result of imoresses in the rate of ingot drawing amd widespread use
of the "nelt on melt" method of casting, without any bresk in the flew,
whioh osmsiderably increases the machine working time and the produotivity
of the ocontimucus—casting unit.

Purther improvements in oomtimucus-cssiing equipment emd in the quality
of refrectory materials in the USSR will undoubtedly briag the "melt e
2el4” method imto wider use and will meke it possible o organise comtimmeus-
ocasting nore or 1ess oz & round-the-olock basis, which will consideredly
improve the p-rformencs of plant at large steel works, paréicularly with
s subgtantial reduction in the mumber of units amd hemoe im the capital
expenditure involved.

In order to improve the quality of the ingots camt wider use is being
sade of oentinucus-casting nethods involving insulation of the flow amd
nenisous of the metal from resctiom with staospheric oxygem, placing the
metal in & vacuum in tho ladle and actuslly in the unit in the proocess of
casting, prooessing of the metal with synthetic slags, magnetio fields
and ultresonio sound axd the use of combined or consecutive contimuocus-

ocasting and rolling procosses.
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