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SUMMARY
Introduction
The manufacture of iron and steel is the prime requirement for the establish-

ment of a heavy engineering industry, and has a decisive influence on the pros-

perity of a country. Recent developments in the field of metallurgy offer a series

of new processes especially suited fo» the industrialization of developing countries.

The establishment of a steel industry in developing countries depends on the

availability of the basic materials from indigenous sources or on the proper siting

of the plants in locations where the required basic materials are available at

especially low freight rates.

From the very beginning, realistic planning will be concernmed with the initial
capacity of the plant and the aims of future developments, In this respect it is
necessary to differentiate between large, medium and small-scale operations since

* This is a summary of a paper issued under the same title as ID/WG.14/5O

y The views and opinions expressed in this paper are those of the author and do
not necessarily reflect the views of the secretariat of UNIDO. The document i
1s presented as submitted by the author, without re-editing. d
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the intended type of operation will influence the choice of the processes and the
required equipment. For large-scale production of ferrous metals, the following
plants and equipments are available: coke ovens, coke fired blast furnaces, basic
oxygen converters, blooming and slabbing mills, continuous casting machines, plate
mills, cold and hot strip mills, profile (rails), bar and rod mills. For medium
and small steel mills, the blooming mills, have been replaced by the continuous
casting machine which is also galning 1in importance in large steel mills. In
medium and small steel mills, the continuous casting machine has attained a domi-
nating position for the production of semifinished sections. This applies espew
Cially for small-scale operations which rely on scrap and the cheap freight rates
of both the scrap and the finished products. In the latter case, production will

be concerned mainly with the manufacture of all types of reinforcing rods and wire.

The Continuous Casting Machines

Continuous casting machines have found widespread application in the field of
ferrous metallurgy. They have attained a high degree of perfection as regards
their operational safety and low costs of production. Continuous casting machines
can be classified into the following types:

Slab Casting Machines of all sizes. They supply excellent starting materials
in the form of slabs of 1 metre width for further rolling in strip mills,

The rate of production meets the demand of large-scale operations., The
development aims at fully continucus casting whereby, so far, up to six

heats have been cast in one continuous operation. The casting costs are
reduced by the disposal of non-productive set-up times and the smaller CON=-
sumption of high quality refractories per ton of steel,

Biliet Casting Machines in order to attain the necessary production rate

are mainly designed as multi-strand machines. On account of the smaller
cross sections and reasons pertaining to the quality of the cast sections,
the rate of production is considerably less than for the casting of slabs.
Billet casting machines, employed for the casting of sections which can be j
used immediately in light section and rod mills are very sensitive to im=
proper casting and set—up operations. By the development of integral billet

casting and relling machines, considerable progress has been made in thig

respect,
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Integral Billet Casting and Rolling Machines permit the rolling of the cast

section immediately after casting in one heat. 1In this manner, a medium
sized cast section can be selected which increases the operational safety
although the finished billet possesses a sufficiently small cross section
to make it suitable for use in finishing mills. The billet obtained in this
way has the additional advantage that prior tc¢ its rolling in the rolling
mills it has been subjected to a hot forming operation whereby its as-cast
structure is converted into an as-rolled structure. 1In this manner, certain

limitations regarding further processing are abolished.

The BSR—Process

The process of direct rolling as developed by Messrs. Bohler & Co. Ltd. and

known under the denomination BSR- (Bohler Strand Reducing) Process features three

varieties,

In the first variety the normal bow-type billet casting machine is followed by
the withdrawal-straightening strand, a temperature equalising zone, and a single or
multi-pass rolling mill block. If the predetermined conditions regarding the tem—
perature of the strand to be rolled, the rolling speed and the roll pass design are

observed, good results are obtained.

In the second variety, the rolling mill block is designed so that it can be
used for the withdrawal of the dummy bar as well., In this case the temperaiure
equalising zone follows immediately behind the secondary cooling chamber. The
rolling conditions must be determined with regard to the fact that in this case
temperature equalisation is attained normally only over the surface but not over

the cross section,

In the third variety, orly the outer portion of the casting which is free from
segregation, is being used for the finished billet. This means ,* the rolling process
is started when the core is still more or less liquid. The process results in an
additional improvement of the quality of the cast strand on account of the fact that
major segregation is avoided to a large extent. For the purpose, the required

casting conditions regarding surface temperature roll pass design, and reduction

must be strictly maintained.
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The Equipment for the BSR-Process

If multi-strand rolling mill blocks are being used for the above prccess, they
are comparable to continuous rolling mill trains and are distinguished only by
their very rigid design. The design takes account of the fact that with too long
distances between the stand, cooling of the strands will become too severe, By
the very compact design, the arrangement of the rolling mill stand blocks in con-
tinuous multi-strand mill trains is possible. The relatively small rolling speeds

require only small drives so that the costs for the rolling mill trains can be kept

The dual function of the rolling mill block for the withdrawal and rolling of
the strands requires a Screw-down which, permits elastic guidance of the dummy bar
as well as the application of a sufficiently accurate rolling pressure. For the
purpose, hydraulic screw-downs have proved efficient., A further special equipment
for the dual function of the rolling mill block is a speedometer which takes the
casting speed directly trom the strand.

The material of the rolls must be selected according to the rolling conditions
which includes long contact with the cast strands, The material features a special

chemical composiiion angd careful heat treatment prior to its use,

Advantages of the BSR~Process

Integral continuous casting and rolling machines give greater operational
safety at higher rates of casting, improved quality, and often lower costs for the
casting of small sections, as compared to the conventional continuous casting
machines. The greater operational safety is derived from the fact that the casting
of larger section poses fewer difficulties. The greater rates of casting are pos-
sible on account of the larger cross sections which can be cast by this method,
whereas the improved quality is derived from the direct conversion of the as-cast
into an as-rolled structure. The reduction in costs is derived from the reduced
number of strands as compared to conventional continuous casting machines which
results in a decreased consumption of refractories, nozzles, stoppers and tundish

linings,

The yield can be considered equal to that attained in conventional casting
machines, It lies between 96 and 98 per cent of the liquid metal. The work
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required for the conditioning of the billets is less since the defects are more

easily discernible on the rolled billet and, in addition, their removal is carried
out with greater accuracy.

Summing up, it can be claimed that the new type of integral continuous casting
and rollirg machines give excellent results in the manufacture of starting materi-
als for light section and rod mills. The simplicity of their operation and the

inherent possibilities in regard to mechanization ang automation of the casting and

rolling process make them especially suited for the conditions prevailing in
developing countries.
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Introduction s

The manufacture of iron and steel is of prime
importance for the establishment of a heavy engineoting
industry, and thus exerts a decisive influence on

the prosperity of a country. Recent developments

in the . field of metallurgy offer a series of new
processes especially suited for the industrialisation
of developing countries. However, also for these
countries, the establishment of ‘a steel industry"
depends on the availability of the requirod'raw
materials and sources of reasonadbly cheap energy

or depsnds on the possibility that the raw materials
can be imported at especially low freight rates to

favourably sited processing works.

From the very beginning of the industrial planning,
the initial sizc of the works and future develop-
ments nmust be laid down. In this respect it 1is
necessary to distinguish bétweenrlarge. medium

and small scale operations. The processes to be
adopfgd and the necessary equipment must then be |
celected aocording to the‘intented'acalo of operations,
Today, the following plants and equipments are |
available: ccke ovens, blast furnaces, basio oxygen
oconvertiers, large capacity electric arc furnaoes,
blooming and slabbing mills, continuous casting
machines, plate mills, hot and cold sirip roll#ng
mills, finishing mills for sections (rails), barse
and wire. For small and medium steel mills, the
blooming mills seems to be superseded by the con-
tinuous casting machine, which is gaining in importance
also in largs steel nills. In small and mediua
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sized steel nills, the exclusive use of continuous
casting machines should be envisaged for the
nanufacture of semifinished stock. This applies
especially for steel mills which operate on scrap
remelted in electric arc furnaces and rolled %o
sections, bars and wire in rolling mills.

1.1 Properties of Starting Material for Small
Section and Wire Rolling Mills

d

The usual finishing mills used today, require billets
of 50 - 100 mm sq. as starting material. In the
conventional manner.‘these are obtained from the
ingot by "breaking down and rolling into billets,
‘Bigger steel mills have a blooming mill available

- for the purpose. Smaller steel mills either'purchaaa
the required billets, or in case melting facilities
are available, they cast small ingots of correspon-
aing oross sections in multiple moulds. Both the
rolling in the blooming mill and the casting of
I;niiar sections involve considerable costs. In'
the case of blooming mills, the costs for heating
and rolling must be taken into account, while the
téeming of smallest ingots is costly due to the
 considerable consumption of feeder-material, a

fact which is supplemented by the considerable
risks involved in the form of badly filled moulds,
defeotive surfaces or oross seotions of the cast
~1ngotd. In addition, excessive superheating of the
1iquid metal is required which raises the cost

~for the nelting. .

The requiromenta which must be met by the billets
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for the manufacture of small sections, bars end
vire comprise'a good surface and a homogeneous
cross section. The homogeneity of the cross section
is especially important in the case of modern cone
tinuous rolling mills eince 1nhomog§neous billets
tend to splitting when they enter the first pass,
In this manner, the entry into the next pass may
be obstauled Surface defects on the billet, such
a8- 00ld shuts, reveal their everse effects espscially
. during rolling and drawing of the wire wvhere they
"result mainly in ruptures.

1.2 The Continuous Casting

With the advent of the continuous casting machines,

. an equipment has been developed during the last

ten years which pernits the manufacture of billets

of different cross sections directly from the

‘liquid metal. These billets can be used immediately
for further processing. In regard to the cross

| sectiona. however, so far certain limitations,

had to be acoeptad. Smaliest cast sections, 1i.e.
billets of less than 100 mm sq. could be cast with
difficulties only from medium sized heats, especially
11 higher demands were placed on their quality

which d1d not permit high rates of casting to be
used. By a combination of the continuous casting
machine with an in-line rolling mill, it becane
“possidle to oarry out a reduction of the cross
section at the casting heat. In this manner, the
linitations regerding the cross section have been
overcome. By the convarsion of the ae-cast structure
~into an as-rolled structure, the properties of the




ID/WG,14/50

Pa.g_oG

billets obtained by the combined casting and rolling
machine, can be made to be similar to the rolled
billets which have been used so far.

The aforément;oned facts should be considered as a
forecast of the various advantages. However, before
further pecularities of the new process will be
given, a short survey should be undertaken regarding
the present technical status of continuous casting
and the required eguipment.

2, Continuous Casting Machines = Present
State of Development

Generally speaking, we distinguish today between:

Continuous Slab Casting Machines for slabs of 250 = "?
2000 nm width and 75 - 300 mm thickness:

Continuous Billet Casting Machines, whereby the range
of cross sections extends from about 75 - 300 mm sq.,
the latter sections are already considered as blooms;

These machines are supplemented by a
Combined Continuous Casting and Rolling Machine which,

in the last year, has been developed to full operational
perfection. . ﬂ

2.1 Slab Casting Machines

Today, slab casting machines are duilt almost
exclusively as bow-type machines (Fig. 1)2) and

have been developed to such a perfection that they
a&}eve full prcduction shortly after their installa-
tion. The extent of the required maintenance work
does not exceed the usual scope encountered in
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steel mills. The casting process rroner, on account
of the introduction of ihe casting with slag and
powder shielding of the surface of the liquid metal
and the suiding of the casting jet in a tube below
the level of the liquid metal in the nould 2nd
through lateral outlets, has attained a high degree
of operational safety. Special efforts on the part
of the manufacturers of rcfractoriss have resulted
in the availability of materials for stonpers and
nozzles, permitting the consecutive casting of
several heats. lt is even expected, with good reason,
that longer casting runs extending over ceveral
days may be pcssible shortly. In this manner con-
siderable productivity could be attained with the
continuous casting machines, In regard to their
quality, sheets and strips made from continuously
cast slabs do not only meet the present quality
standards, but have superseded them to a marked
degree vhereby their manufacturing costs are con=-
sideradbly lower,

2.2 Continuous Billet Casting lMachines .

Today, continuous billet casting machines also are
designed almost exclusively as bow-type machines
(Fig. 2)°) and also give satisfactory results.

The required casting capacity necessitated by the
present siges of the heats can be attained for

small sections only by means of casting nachines

of multy-strand design. As far as the crcoss sections
are oconcerned, continuous casting nmachines are
operated in the range between 75 and 150 mm sq.

1f the cast billets aere to be finished in one heat.

Billets of 300 mx sq. are cast if the cross section
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of the finished products is to be large or if ‘the
processing to the final cross section takes place
in two heats. Occasionally bigger sections are
cast, for instance, in England by Shelton Iron and
Steel Co. 4), or blcoms are cast which are to be
rolled into beans as iz ‘he case at Algond Steel,
Canadas). Such a %rocedure offers the advantage
that big blooming wills can be avoided.

The continuous billet casting machines for small
as-oast sections, despiie the fact that they have
attained a consideratle operational safety, offer
considerable difficulties since in multi-strand
nachines a very careful aligning of the tundish
and the moulds is required in order to bringt the
 constricted casting jets to bear directly om to
the centre of the mculd. This, however, is
absolutely essential for the casting speeds re-
quired for the attainment of a sufficient casting
rate.for small secticns,

2.3  Copbined Billet Casting and Rolling Machines

In the pasi yearsz,athird type of continuous casting
wachine was developed by Messrs. Bohler Bros. & Co.
at Kapfenberg which seems suitable for high rates of
casting of billets. The new machine is essentially

a billet casting machine supplemented by an in-line
relling mill (Fig. 3). In this manner casting and
primary hotworking operation have been united within
one process. The main importance lies in the faot
that the continuous casting of billets with minimum
~cross sections from medium and large heats at
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economical casting rates can be carried out with
good operational safety. Moreover, finishing mills
or forges can be provided with billais wnich, not
only as far as their dimensiocasz, but also as far as
their surface quality and struciure is concerned,
are similar to the as-rolled billsts,

In the following, & more thorough *reatment wiil be
given to the combination of cortinuous casting with

the continuous reclling of the cast strand which

has been made known urnder the dengmination BSR-Process
(Bohler Strand-~Reducing Process) &) in 1966.

3.  Direot Rolling of Continuously Cust Strands
by Means of the BSKH-Process

3.1 The Process

Essentially, the BSR-Process consists in a single or
nulti-pass reduction of the strand under utilization
of the casting heat after the strand has passed a
temperature equalizing zone which attains temperature
equalization over the surface of the cast strand.

The first variation comprises a conventional continuous
casting machine with mould, mould oscillating devioce,
supporting racks and withdrawal and straightening
rollers, followed by a temperature equalizing zone

and a single or multiple pass rolling block. Temperature
equalization can be attained not only over the sur-

face but also over the cross section. The rolling
prooess distinguishes itself from conventional rolling
only by its low speed so that the design of the com-
plete equipment can be cerried out accerding to the
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experiences gained in normal rolling mill cone
struciion (Fiz. 4).

p)

aave shown that
establish temverature

Szlensive investizations and tests
0

i
it is not necessarv t
e entire cross section if sone
veing maintained. This led

1
(%
equalization over ik

14

defirnite coernditions are
to the second variastizcn in the zrocess in which the
rolling commences innedictely after complete solidi-
fication. The wmachine differs frop the firs: variation
insofar-as the secondsary cocling zone is followed
immediately by the teupersture ecualization zone and

the rolling mill block is desigred in such & mannepy
that it can be used for the withdrawal of the duamy
bar. This results in a simyllfi ion of the equip-
pent (Fig. 4).

In variation 3 only ihe shell c¢f the continuously
cast section which is free from segregation is used
for the manufacture of the billet. This is acieved
by the interrupiion of the solidificazion by the
rolling process. The reluction ic started at a point
of the strand vhere there is still sonme resaining

%]

liquid portion. ¥aile, 4n variations 1 and 2 only

a reduction of the cross section R io-0—~24-2C04 and

& conversion of the zs-casi ciructure into an age
rolled structure takes place, variation 3 has an
extra&etallurgical influence cince najor segregation
1s avoided or consilerably Cdinminished. The problenms
which had to be solved in the develonrent of the
BSR-Process conprised the deterainstion of the most

suitable rolling tenperatures and their correlation
with the rats of reduction. If rolling is carried
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out accorﬁing to variations 1 aﬂd 2, a definite
minimum reduction nmust also be maintened in order

to avoid the occcurance of the dreaded bending cracks
(FPig. 4).

3.2 Equipment

If the reduction is carried out according to variation
1 mentioned before, the casting equipment including
the withdrawal device do not deviate from the design
of the usual continuous casting machines. As has

been mentioned before, the equipnment required for
rolling, such as temperature equalizing zone and
rolling mill stands are arranged in-line with the
casting machine. The design of the rolling mill stands
. will deviate from the normal design only insofar as,
for multristrand machines, as required for the
casting of medium and large size heats, the stands
nust be of very compact design so that the distance
between the strands can be kept small. On account of
the slow rate o0f reduction and the resulting high
thermal load imposed on the material of the rolls,

a sufficient and well functioning roll cooling system
nust be used.

For variations 2 and 3 a special design was adopted

for the rolling aquipmeng which is to meet the functional
requirenents (Fig. 5, 6). In this case, one rolling

stand of the rolling block takes over t» withdrawal

of the dummy bar at the beginning of the casting

process. It is only after the .bottom end of the cast
atrand has passed this stand that the screw-down is
.lowered to bring the full rolling pressure to bear,

This double function of the first rolling stand demands
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the thicknress of the dumny ber éo not lead to excessive
pressures and breakagze of the rolls.

In addition, the rolls cas be cerewad-down only after
the Gummy baer has left the rolls and when the cold
end of the sirand is behind he rolle. Tais means
tnai the rolls must be serewed-down 4o full pressure
with the pessing sirand in wmotion. In produciion ser-
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vice, & hydraulic eerew-dovn nas proved very efficient,
since, apar: Iro:z its accuracy, it vossesses the re-
guired elasticiiy during the withédrawal of the

uany bar. Shorti meation oaly should te made of the
centering device which must bring the strand into

its proper position beforc the rolls are screweld down.
The roll pass design of the rolls is suited to the

low speed of rolling and takes accounti-of the high
reduction 2s compared to rolling mill trains of _

the usual design.

hk further pecularity of the rolling block developed
for direct roliing, is the fact that 14 is fitted
with a speedomeier. In continuous casiing machines
the casting speed is ceasured by means of the speed
of the withdrawal rolls. If rolling is carried out,
however, the s»ced of the stirand to be rolled is
different before and afier the rolls and deviates
froz the speed of ihe rolls. In order to fiad the
actual casting speed, th: latter zust be taken
directly frox the cast eirand,
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of l.essrs. Bohler Rros. & Cc. Ltd. in the marnuvfacture
of hot and cold rolls was of speciel benefit for .,
the designers. '

4. Advantages of Coabined Continuous Casting
end Rolling Machine

The advartages offercd Ly the combined continuous
cagiing and rollirng machine over the convertional
continuous billet casting machines are as follows:

Inproved Onﬂratlon 1 Safety

HBigh Rates of Casting

Irproved “uality of Bvducts
. Low Costs

4.1 Inproved Cnerational Safety

L medium sized cross cection of ihe cast strand
lends the greaiest operztional safeiy to the con-
tinuous caesting process. The excessive casting
speed required for the attainment of a sufficierntly
high rate of casting need not be applied as is the
cagse if small sections are to be cast. The pornmissible
tolerance regarding the impact of the casting jet

tzl in ithe ceatre of the

on the surfaces of the ne
mould is greater for lJarger sections. In adéitionm,
for pedium sized sections the more recent cacting




ID/WG.14/50
Page 14

rethods employing casting tubes for the guidance

of the casting jet into ihe moulds ard the shielding
¢f the metal surface in the nould Ly rnears of
shielding powders or slags may be used.

Yok Eich Dates of Cacting
g S )

“ne rate of casiing of *the combined casting and
rolling machine as compared to the casting of mall
sscliions in conventionsl nachines is increased by
45 factors. The larger cross section of the
casting automatically increases the pouring rate
¢ compared to smaller cross sections and, nore-
over, the direct rolling before cutting of the
strands eliminates the resirictions of the casting
- speed on account of ihe liquid core. As is well
snown, if the 1iquid core exceeds 9 - 11 metres,
| continuous central porosities occur over consider-
abla lengths of the casting. On cutting the billets
*o multiple rolling lengths, the central porosities,
Mal also other porosities, are accessible to the

o

atnosphere and oxidation may take place, which, in
many cases, prohibits the use of the cast billets

'8 sterting material. During the direct rolling
;vocess, the porosities are compressed prior to a
possible contact with the atmosphere. The possible
souring rates per strand per hour for a range of
-ross rections from 140 to 200 nmn sq.'is to the
¢rder of 18 - 25 tons. Thus safe manufacturing'oon-
c¢itions prevail for the casting of medium and large
ieats into billets 80 - 110 mm Sq.

£y

4.3 Improved Quality of Products

Ly the direct forming process a decisive inprovenment
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zce. The same applies also

for subcutaneous pores. A% the same time, the as-cast
surface is transfcned into an us-rolled sur: {aCce wheree-

Yy

by bdetter conditions for the conéiticning of the
billets are atisined if this should be necessary on
ascount of the desired quelity of the finisked PLO~
duois. The as-cast structure is converted into an
as-rolled structure. Thus, for further rolling of + ¢
forging of the cast the billets, the serme reheating
conditions can be used as have been aGopted ‘previously
for the hillets rolled from ingois. This is of special
inporiance for tie more highly zlloyed steels. The
fact that favaurabie aspscts regarding major segrega-
tion are attained 1f ihe rolling commences prior

to complete solidification has been mentioned before.

4.4 ' Low Costs

In regard to ihe costs the following observations |
should be made: |

A continuous oasting nmachine with in-line rolling
equipnent, of course, is more cxwpensive as far es
initial costs are concerned. However, ihis is true |
~only if single strand casiing and casting cun rolling
macaines are compared. For the zulti- strdnd machines
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acwever, the number of siruads per nachine is smaller
in combined casting ané rolling wacnines. The grezter
operavional safety briangs about & rsduction of

cosis on account of legss idle tim:

4l

né fevsr repairs,
Conbined casting and roiling zacaines offer'a&vant&ges
concerning first and operation costs. The contiruous
cugtlnu and rolling nzchine at Xan?t

in operation for too shori a tim

cnberg has bzez
to pernit a detailed

(A

listiag 02 the casts, tewever, the results which have
been obtaired so far seem to confirm *his opinion.

For the evazluaticn of the oporating costs, mention
should be male of the yield. It is comparable to-that
of normal continucus e cesving machines. The discerd
for the botton crd of the strard is fightlJ greate
than for the us-cast strand since the reduciion can
start only adout 300 mm behind the erd of tha cast
strand (vhen the cold cnd has passed the rélsvent
pair of rolls). Depending cn the desiza Sor nulti-pass
arrangenents, the length of the tramsiiio 7
about 300 ma. On the other hamd, the disecard at
trhe top end of itre sirand is considerably sacller
since part of tithe »i 8 ated by the rolling.
In a survey of the costus, the losses cue %0 surSace
t. Tals is
reGe steel nills.
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According to the experience gainesd, ths surface con-
ditiorning losses are ecauller for billeis 80 rnn sq.
than for equal cast sections. The curface conditioning
of es~-rolled stronls can ve carried out with grecter
reliability sc that the wnounti of rejected finished
material is considerably less than for equal as-cast
sirends.

5. Summary

After an Introduction in which the plaznts which are
available for metallurgical works were mentioned
briefly, the requiremenis placed on the starting
material for ligh! secction and wire mills werse dealt
with. The manner in which this siarting raterial had
‘been produced so far has bsen staled.

In the course of the last ten yearz a new process
has been added, namely, the continuous casting of
steel. At first, ths present state of develonnent
of the process and the machines treated. Continuous
slab casting macliines have deena iniroduced widely
in the sieel indusiry ard are bsing vsed not only by

medium sized steel mills but also by big mills.
During the description of the continuous billet
casiing machire, the difficulties s=ncountered in

the casting of sasll section frca larze heats were
described. These problems have heen solved by the de-
velopment of the direct rolling of strands and by
proper design of zuch rachines.

The process for the direct rolling of strands
(BSR-Process) and the ragquired eguipment was explained.
The process so far exists in three operational variations,
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nepely:

1) The rolling after complete solidificztion and
complete tcmperature equalization zlsc over the
cross section.

2) The rolling innmediately after complete .colidification,

3) The rolling prior to complete solidificetion e.i.
“only the shell of the casting is beirg used for
further processing.

The advantages of the new process and itis suitability
as 2 new type of metallurgical equiprent were clearly

. defined. Its suitability is to be found especially in
the fact that the procese increauses the operational
safedty of the continuous casting and enhances the
pouring rate as compared to conventional machines.
Morevoer, the process results in an improved quality of
the products. Thus, szaller production costs are obtained
for the manufacture of small billets as compared to |
the conventional continuous casting method.
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3. Plockinger
DRALT-TILT 52 (1966) ,° 11, pp. 181-785
miae slgb casting macaine Huckingen according to
Yannosmann AG.

T.e photograph bas been xindly put at our disposal
by Kessrs. lannesmann AS., Disseldorf

2i1let casting cachine of the Broken Eill Pty. Co. Ltd.,
Yewcastle, Ausiralien, according to CJoncast AG..

tne pnotograph has been kindly put at our disposal by
tre Corcast 4g., Zirich

nSconomic Asvects of Continuous Casting of Steel"”
TCONOMIC COVEISSION FOR RUROPE, ST/ECE/STEEL/23, 1968

CONCAST-NE%S, Vol. 7, 1776306

B. Tarmann, H. Vonbank
RLECTRIC FURNACE PROCEZDINGS, 1966, pp. 30/34

Schematic View of a Billet Reducing Machine
Billet Reducing Machine being installed

The illustrations have teen kindly put at our disposal

by Messrs. V0IST Ltd., Linz
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{Comoied Continuous]
Casting and Rolling
Mochine for Bilels
Boler Bros & Co.
Ltd. Kapfenberg
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Schematic iew ~% . Rillee ‘eaueclng Machine according to VUEST

olling Stand for Eillet Reducing
VOEST Design

LPnss Sequence P
of Bilet Reducing

Machine -
Etched in Hot
Hydrochloric
Acid









