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Abstract

Villares metals S.Ais the largest non-flat highly alloyed specialtgeds producer in
Latin America.

Due to the high quality requirements of the finedqucts and the planned increase of the
continuous casting production, Villares Metals d®&IEMENS VAI technologies to re-
vamp the existing continuous caster, focusing amnelogical improvements necessary
to enable the machine to obtain the required quatandards.

Thanks to the implementation, the revamped casésr able since the first heats to ob-
tain immediately good results, showing optimal tesboth on internal quality and sur-
face/dimensional point of view.
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Introduction

Villares metals S.Ais the largest producer of long products of higallpyed specialty
steels in Latin AmericaVillares Metals plant has a complete productionichacluding
EAF, LF, vacuum treatment, ingot and continuougings hydraulic forging presses (up
to 3.000 t), rolling mills and roughing mills, asdmplete heat treatment, finishing and
inspection installations.

Additionally for the production of specialty steedad alloysa Special Melting Shop
exists, which includesVIM (“Vacuum Induction Melting"), ESR ("ElectroslaBemelt-
ing) and VAR (“Vacuum Arc Remelting").

The scope of products comprises, specialty alloys farged parts. Its main clients be-
long to the following segments: automotive, oil agals, energy, aircraft and special
applications as, for instance, surgical implant ofanturers

Up to now just for a relatively small part of theoduction, particularly Stainless steel
and Valve steel, the continuous casting route @iag (Table 1).
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Grade Average chemical composition

C% Mn% Cron Ni % Mo% Other

304 L <0.03 | 1.85 18.1 8.1 -

316 L <0.03 | 1.85 16.0 10.1 2.1

HNV-3 | 0.45 0.40 8.5 - - Si 3.3

EV-12 0.55 8.0 20.0 2.2 - N 0.8

Table 1. Actually CC produced steel grades

For further development Villares Metals plans anréase of the continuous casting
production especially considering tool steels aticeohigh alloyed steels.

The production of these steels, especially of latibyed high carbon tool steels on the
continuous caster, one of the main objectives dak8s Metals further development, is
a remarkable metallurgical challenge. This is edato the higher concentration of car-
bide forming elements as Cr, Mo, V etc. On one hdwede carbides are necessary to give
the steels the required special properties; omther hand, they are creating several metal-
lurgical challenges as sensitivity to cracks argresgation during the solidification process.
These challenges are related to the large soldifin range which has to be considered
designing the continuous casting process [1, 2, 3].

To realize this strategy Villares had to revamp éixésting caster in order to enable a
more reliable operation using a higher variety ating parameters. Due to these re-
guirements to the process, Villares Metals was shmp SIEMENS VAI technologies,
including the adoption of well proven technologisalutions like Dynaflex, Diamold,
Levcon, Stirrcon [4, 5, 6, 7].

Revamping and first results
The development of such a new a process theredopgares improvements both in opera-
tion technology and casting facilities.

For this reason the revamp was mainly focused ertdp part of the caster, considered
the metallurgical core part.

The existing continuous caster in Villares Meta#sl the main characteristics reported
in Table 2 hereafter.
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Machine radius 10 m
Strand n. 1
Ladle Capacity 25t (nominal)
Tundish Capacity 5t
Cast Section 145 X 145 mm
Mould type Curved, 750 mm
Oscillation type Electromechanical
Stirring M + S-EMS
Secondary cooling Air Mist
Containment 2 rows foot rolls +
4 rolls containment

Table 2: Main characteristics of existing caster

The revamp was starting with the adoption of a igdraulic stopper system for a bet-
ter regulation of steel flow from tundish to mould.

In conjunction with the new LEVCON mould level coolt the new stopper system is

able to provide a highly stable level of the molstrel inside the mould, a necessary
prerequisite to avoid surface problems and possiitisions due to mould slag en-

trapment. This system also provides the possibdftgn automatic start of the process
with a smooth and quick achievement of mould lestability right from the cast start.

The experience from four months of practical operaproves that the combination of
new stopper and new mould level control systemhiewsng the required precision,
maintaining mould level with variation in the rangémaximum 2 mm, as shown in
Figure 1in the green line.

With the complete re-design of the mould assentblg, mould itself was elongated to
800 mm length, and the mould water gap reduced ton# to ensure a higher water

speed in the channel with consequent improved ka#taction for enhanced shell
growth.
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Fig. 1: Mould level during continuous casting operation
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Mould tube design was differentiated in diverseetapccording the different steel
grades to be cast, including Diamold [6] profilelte used particularly for casting of
high speed tool steel.

Modification of the mould tube also included anrgmse of the tube thickness from
previous 10 mm to actual 13.5 mm, in order to eesubetter geometrical stability, to
avoid the possibility of mechanical distortion awdguarantee a cast product within the
required tolerances.

A new mould stirrer, external type, with higherrstig efficiency and possibility for
multiple current and frequency settings, was irsthlIn order to avoid any possible
problem of mould slag entrapment, the mould stifas moved to a lower position
respect to previous installation. Furthermore gtiger allows a more reliable and uni-
form heat transfer from the steel to the mouldsthlso influencing the segregation be-
havior.

In order to investigate this effect of the newrstiy the chromium distribution at a 8.5%
Chromium steel produced with the old equipment waspared with the results ob-
tained with the machine after revamp according ecgig method [8]. For this reason
60 measurements of the Chromium content were pagdron areas of 100 nfrat the
surface and the core of 2 billets cast with the ahdl the new machine respectively.
Figure 2 andFigure 3 are showing the results. Obviously the billet proeld with the
new equipment shows a more uniform chromium distidn in the center as well as at
the surface area, indicating a more even carbislgibution.
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Fig. 2: Comparison of the chromium distribution atthe surface area obtained with
the old and the new process
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Fig. 3: Comparison of the chromium distribution atthe core area obtained with the
old and the new process

The existing electromechanical lever type oscilat@s substituted by a Dynaflex hy-
draulic oscillation system. This system is ensupgmum oscillation movements by a
leaf spring guidance design with almost no deviaiduring the oscillation movements.
Furthermore this arrangement is offering the oppaty to change different wave
forms and different ranges of frequencies/strok@dse during the operation in order to
obtain the optimal oscillation parameters withony &toppage of casting and with no
mechanical intervention

The previous adopted billet containment at mould, exonsisting of mould foot rolls

plus a subsequent containment sector, was replageadshorter containment only con-
sisting of three rows of precisely adjustable foalts, directly attached to the mould
and therefore allowing an easier and faster cdidmato be performed in the mould
shop, without any adjustment required further amrachine.

The new foot rolls assembly, together with the agtel mould length, is ensuring an
adequate support and containment of the billetpbmg production with no deviations
in dimensional tolerances.

The mould assembly with the new containment (fadisy is shown in the following
Figure 4.
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Fig. 4: Particular of mould assembly and billet cotainment

Due to the extended mould length and the modifiedt@inment, also the secondary
cooling was modified by the adaptation of a diffargpray configuration, comprising
the use of air mist type nozzles in zone 1, and spmy risers in zone 2.

Inside the cooling chamber, a new billet guidingteyn was provided to ensure a cor-
rect guidance and centering of the strand in seamgndooling zone, to minimize ther-
mal stresses caused by unsymmetrical heat extractio

Following Figure 5is representing the billet inside the cooling cham during the first
cast heat, with particulars of the billet guidingtem.
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Fig. 5: Secondary cooling area

A complete new automation control (Level 1), allotlwgecord and save data and trends
of the main casting parameters for subsequentweaie comparison.

Due to the particular features of the Dynaflex bator the new automation system also
allows to control the friction behavior in the mdulThis is a useful tool to check the
effect of different parameters during casting, &ify casting powder behavior or to
evaluate the performance of different mould tubesighs.

Conclusion

Thanks to these implementations, the revamped rcaste able since the first heat to
obtain substantially good results from the quatitynt of view, showing satisfying re-
sults with respect to the internal quality as veadlto the achieved surface results.

Examples of obtained internal quality on stainlste®l grades, as coming form the first
two heats executed on the machine after implemiemtaare shown in the following
Figure 6, Figure 7.

HOME



Fig. 6, Macro etch of 304 Stainless steel, castisgeed 1.6 m/min

Fig. 7, Macro etch of 316 Stainless steel, castisgeed 1.6 m/min

It has additionally to be mentioned that the revgongject and the restart of the ma-
chine was performed without any evidences of paldicproblems from the mechanical
or automation point of view.

Outlook

Based on the achieved results and experiencega4lisetals SA is convinced that the
caster now is offering the necessary technical grditions to realize the intended ex-
pansion of the casting program to high alloyed &iekls and specialties.

For this purpose, based on the good cooperatiowdsst SIEMENS VAI and VIL-
LARES METALS, it is provided to cooperate also dre tsolution of future technical
problems arising during the realization of this pweed expansion of the casting pro-
gram.

HOME



An example of this ongoing cooperation is the staflpptimization of stirring parame-
ters in respect also to fluid dynamic patternsha mould created by use of different
kind of submerged entry shrouds.

The followingFigure 8, Figure 9are representing the results of some of theseestud
showing the different behavior of fluid flow whilesing MEMS in case of single port
and multiport shrouds respectively, and their iaflae on the stirring effect.

These studies are of utmost importance to defirtempn stirring parameters, avoiding
in the meantime any possible problem of slag inolus
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Fig. 8: Axial velocity (single port SES) Fig9: Axial velocity (multiport SES)

A further result of the good cooperation and of élchieved result is the recent order
placed by Villares Metals SA to Siemens VAI MT ®new casting section, in order to
meet the always increasing and developing requesieomarket of special steel.

The new casting section is expected to go on stieaime late summer of 2008.
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