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Modernization of continuous steel casting machines to increase the quality of finished
products using the method of electromagnetic stiring (EMS)

To prevent the formation or suppress the development of crystallization, shrinkage and liquation
defects, various methods of physical influence on the solidifying melt are used. When choosing
a technology in each specific case, one should proceed primarily from its cost-effectiveness,
efficiency and environmental standards.

A method of physical influence on a crystallizing ingot is considered: electromagnetic stirring
(EMS).
According to the authors of the article, EMF of the liquid hole of a continuous ingot is the most
effective way to actively intervene in the crystallization process of a continuous ingot directly
during casting with a guaranteed ability to control the structure formation process. Currently, in
world practice, EMF of liquid metal on continuous casting machines has become an integral
part of the progressive technology for producing high-quality workpieces. As a result, the
growth of requirements for product quality and the development of effective methods and means
of electromagnetic processing of melts have led to the fact that contractual requirements for the
quality of continuously cast billets include provisions for the mandatory use of EMF in the
production of products from high-quality steels.
It is shown that in order to eliminate a number of defects in the macrostructure of a continuously
cast billet associated with the crystallization process, shrinkage and segregation phenomena,
which cannot be completely eliminated even with optimal design features of the continuous
caster equipment and rational technological parameters of the continuous casting process, it is
necessary to additionally use methods of physical influence on the process solidification of
liquid steel. The method used depends on the continuous casting technology and the existing
caster equipment.
This method is considered using the example of Russian metallurgical plants, since this method
was not used in Kazakhstan.

Key words: continuous casting of steel; crystallizing ingot; methods of physical influence;
elimination of macrostructure defects.

Continuous casting machines (CCMs) are one of the main links in the technological cycle of
steelmaking. Today, about 96.1%, or 1564.2 million tons, are bottled on continuous casters in the world [1].

Solving the problems of reducing production costs, expanding the product range and improving the
quality of finished products is impossible without optimizing the technological parameters of casting while
simultaneously improving the surface and macrostructure of continuously cast billets (CC) and rolled
products.

The quality of the caster produced is determined by a number of technological measures, including the
choice of casting modes and parameters, the refractories used in the steel-pouring ladle - caster mold section,
the protection of steel from secondary oxidation, the optimal temperature conditions and casting speed, as
well as the design features and condition of the caster equipment. High requirements for the quality of
workpieces lead to the need for careful preparation of liquid steel for casting and the application of a number
of restrictions, for example, on casting speed and temperature, which not only reduces the productivity of the
continuous caster, but in some cases causes a deterioration in the quality of the finished product.
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Analysis and taking into account the features of the hydrodynamics of the movement of the melt, heat
and mass transfer and physical and chemical processes occurring at the solidification stage makes it possible
to develop appropriate measures to improve the casting technology, the design of the machine and the mold
[2]. However, there are a number of defects in the macrostructure of continuous casting machines associated
with the crystallization process, shrinkage and segregation phenomena, which cannot be completely
eliminated even with optimal design features of continuous casting equipment and rational technological
parameters of the continuous casting process.

In this regard, it is obvious that in order to obtain a high-quality macrostructure of continuous steel
castings and rolled products, especially from critical steels, it is necessary to actively intervene in the
crystallization process of a continuous ingot directly during casting with a guaranteed ability to control the
structure formation process.

To prevent the formation or suppress the development of crystallization, shrinkage and liquation defects,
many researchers use various methods of physical influence on the solidifying melt.

Modern developments indicate that even materials with the same grain sizes can differ in properties if
they are obtained by different methods. Therefore, it is not indifferent by what means the production of high-
quality metal products will be achieved. When choosing a technology in each specific case, one should
proceed primarily from its cost-effectiveness, efficiency and environmental standards [2].

According to the authors, the most effective way to actively intervene in the crystallization process of a
continuous ingot directly during casting with a guaranteed ability to control the process of structure formation
is the method of electromagnetic magnetic field of the liquid well of a continuous ingot.

Currently, in world practice, EMF of liquid metal on a continuous caster has become an integral part
of the progressive technology for producing high-quality workpieces [3-6]. As a result, the growth of
requirements for product quality and the development of effective methods and means of electromagnetic
processing of melts have led to the fact that contractual requirements for the quality of NLZ include
provisions for the mandatory use of EMF in the production of products from high-quality steels.

During EMF, the liquid phase of a crystallizing ingot is mixed through electromagnetic forces that arise
when a magnetic field interacts with an electric current.

Depending on the cross-section of the NLZ and the requirements for the macrostructure of the EMF
system, it can be located in the crystallizer (MEMS), in the ZZO (SEMS) or in the final solidification zone
(FEMS). When casting high-carbon, pipe and other steels for critical purposes, especially into large-section
workpieces, it is possible to simultaneously use EMF at three and sometimes at four levels. The number of
EMF devices and their installation location are determined for each specific continuous caster based on its
design features, the grade range of steel being cast, the cross-section of the billet being cast and the
technological parameters of casting.

Currently, EMF systems for the liquid phase of a crystallizing ingot have found wide application. EMF
systems in the crystallizer in Russia are equipped with long-form and bloom casters of metallurgical plants -
Magnitogorsk, Severstal, EVRAZ ZSMK, Chelyabinsk, Ural Steel and Oskol Electrometallurgical Plants, as
well as Volzhsky and Seversky Pipe, Pervouralsk Novotrubny, Taganrog, UMMC-Steel ”, Nizhneserginsky
hardware and Omutninsky metallurgical plants. The continuous casting machines of the Izhstal metallurgical
plant and the continuous casting machines of the Elektrostal plant are equipped with EMF systems at two
levels - in the mold and in the cooling zone.

The use of EMF has shown that the EMF in the crystallizer has the maximum effect on the quality of
the surface and macrostructure of the NLZ. Most foreign manufacturers of such devices mainly offer EMF
systems with an external stator location. In this case, the external EMF stator covers the mold body from the
outside, while the stator and mold bodies are made of non-magnetic steel of the austenitic class.

One of the main advantages of using external EMP stators is the minimum required number of such
stators, which corresponds to the number of continuous caster strands. However, this arrangement has a
number of disadvantages. For example, the external location of the EMF inductor leads to a significant
increase in the interpolar distance of the magnetic system and, consequently, to an increase in the dimensions
of the stator, its mass and, as a consequence, to an increase in the load on the swing mechanism if the stator
is installed on its swing frame. An increase in the distance between the poles, in turn, leads to a decrease in
the induction value and, accordingly, to a decrease in the speed of movement of the melt. When the stator is
located externally, a separate cooling circuit with specially prepared water is required, which significantly
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increases capital and operating costs. Deterioration in the quality of cooling water is often the cause of failure
of EMF systems of this type.
It should also be noted that the use of standardized EMF systems located outside the mold body, in some
cases when the smaller format of the cast blanks differs significantly from the larger one, neutralizes the
effect of EMF when casting blanks of a minimum cross-section due to the distance of the inductor from the
blank. VNIIMETMASH has been developing EMF systems for continuous casting machines since the 70s
of the last century and has accumulated significant experience in this area.
VNIIMETMASH is ready to develop and supply complete EMF systems with external stators. However,
according to the authors, the built-in EMF system is more effective for EMF in continuous caster molds
casting long, bloom and round billets. The concept is based on the principle of bringing the stator poles as
close as possible to the liquid phase of the ingot in order to achieve high mixing speeds with low power
consumption. This is achieved mainly due to the fact that the EMF device, which creates a rotating magnetic
field, is built into the crystallizer body. A distinctive feature of the design of the EMP crystallizers developed
by VNIIMETMASH is that the cooling of the stator pole coils, both external and built-in, is carried out with
water intended for cooling the copper working walls of the crystallizer. In this case, a separate additional
cooling circuit and special expensive preparation of water cooling the stator are not required. In this case, the
stator and mold body are designed for the maximum size of the workpiece. When switching to a smaller
workpiece size, it is necessary to remove the sleeve and shell of the same size and then install and secure the
sleeve and shell of a smaller size with flanges from below and above. This arrangement of the EMF system
in the crystallizer makes it possible to reduce the consumption of electricity consumed by 2-4 times with the
same impact compared to the external location of the inductor.
A metallographic study showed [7] that the use of EMF in the continuous caster mold affects the quality
of the surface and macrostructure of high-carbon steel billets, while (Fig. 1):
- the quality of the surface and subsurface layer improves;
- zonal and axial liquation is reduced;
- carbon segregation coefficient decreases;

- the length of martensitic sections in rolled products is no more than 20 microns;
- the maximum score for central porosity is reduced from 4.0 to 2.5.
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1. To eliminate a number of defects in the macrostructure of continuous casting machines associated
with the crystallization process, shrinkage and segregation phenomena, which cannot be completely
eliminated even with optimal design features of continuous casting equipment and rational technological
parameters of the continuous casting process, it is necessary to additionally use methods of physical influence
on the solidification process of the liquid become. The method used depends on the continuous casting
technology and the existing caster equipment.
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2. According to the authors, EMF is the most effective way to actively intervene in the crystallization
process of a continuous ingot directly during casting with a guaranteed ability to control the structure
formation process.

3. To achieve optimal results in terms of the quality of the macrostructure and surface of the continuous
casting steel, especially large cross-section steels with a wide crystallization range, the use of complex effects
is often required, for example, EMF in the crystallizer and MO or EMF at two levels - in the mold and the
zone of completion of solidification.
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DJIeKTPOMATHETTIiK KapacThIpy (3MC) diciMeH AaiibIH 6HIMIEPAiH canachblH
apTTBIPY YUIiH Y3iKCi3 00/1aT KYI0 CTAHOKTAPBIH )KAHFBIPTY

Kpucranmany, mery »oHe JMKBaIMsl axKaylapblHBIH TMaiiia OomyslH OONIpIpMay HeEMece
JaMyblH 0acy VIINIH KaTaThlH OajKpiMara (U3MKAIBIK ocep eTYIIH opTypii oicTepi
KOJIaHbUIa/Ibl. OpOip HAKTHI JKaFaaija TEXHOJIOTHSHBI TaHIaraHJa, €H aIJbIMEH OHBIH
SKOHOMMKAJIBIK THIMJIUTITIHE, THIMAUTITIHE )KOHE SKOIOTHSIIBIK CTaHIapTTaphIHA CYHEHY KEepEK.
Kpucranmanateln KyliMara (U3WKAIBIK 9CEp €Ty OJIiCI KapacTHIPBUIAABI: AJIEKTPOMArHUTTIK
apanacteipy (OMC).

Makasa aBTOpTapbIHBIH IMIKIPIHIIE, Y3MIKC13 KyHMaHbIH CYHBIK TeciriHiH KK KyphUTBIM TY31TY
mporecin 6ackapyaplH KENmuIal MYMKIHIITIMEH KYI0 Ke3iHae TiKeneW Y3ikci3 KyWMaHBIH
KpHCTaJAaHy Tpolecine OelICeHmi apanacymblH €H THIMIL ofmici Oomeim TaObumambl. Kasipri
yaKpITTa QJIEMOIK ToKipuOeme Y3AiKci3 KYO MalldHAJapbIHAAFBl CYHBIK MeranaslH OKK
JKOFaphl camalibl JafiblHAaManap/pl ajdyAblH TPOTPECCUBTI TEXHOJOTHACHIHBIH KypamJiac
Oemirine adHamapl. HoTwkeciHme oHIM camachlHa KOWBUIATHIH TalamTapAblH ©ocyl XKoHe
OaJIKpIMaJIapAbl AJIEKTPOMATHUTTIK OHACYMIH THIMII OMicTepi MEH KYpalIapbhIHBIH JaMybl
Y3IIKCi3 KYWBIIATHIH JalbIHIAMAHBIH CallachblHa KOWBLIATBHIH IIAPTTHIK TalamTap eHIIpICTe
OKK MiHZeTTI Typae KOMOaHy Typallbl epekenepai KaMTyblHa OKeJAl. >KOFaphl caraiibl
OomatTaH jxacanraH OyibpIMaap.

Y31ikci3 KYHBUIATBIH TabIHIaMaHbIH MaKpOKYPBUTBIMBIHIAFEl KPUCTAIAHY MPOIIECIHE, IIOTy
JKOHE cerperamusi KyObUTIBICTapblHA OalTaHBICTHI OipKaTap akaymapIsl JKOKO VIIH Y3IIKCI3
KyiiMa > KaOJBIFBIHBIH OHTAMNBl KOHCTPYKTHBTIK E€PEKIIENIKTepIMEH JKOHE YTHIMJBI
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TEXHOJIOTUSUIBIK TapaMeTpiepMeH TOJBIK JKOIOFa OOJIMAaWTBIHBI KOPCETUIreH. Y3HIKCi3 KYIO
mpoleciHae CyHbIK OONMaTThl KaTalo IMpoleciHe (DU3MKAIBIK 9cep €Ty OAiCTepiH KOChIMIIA
Konany KaxkeT. KonmaHbUIaThIH 9/1ic Y3/IKCi3 KYIO TEXHOIOTUSICHIHA KOHE KOJIaHBICTAFbl KYIO
’)Ka0JIbIFbIHA OAMJIaHBICTHI.

Byn omic Kaszakcranma KoimaHbUIMAraHABIKTaH DPECEHIIK METaJUIypTUSUIBIK 3ayBITTapAbIH
MBICANBIH]IA KAPACTHIPBUIAIBL.

Kinm ce30ep: 60naTThl Y3IIKCI3 KYIO; KPUCTAIIaHATBIH KyiiMa; GU3UKAJIBIK aCep €Ty dJIicTepi;
MaKPOKYPBUTBIM aKayJaphbiH KOF0.

B.J. Copouxuii, C.A. Cmanion

Mozlepmmamm MallMH HENPEPBIBHOIO JIUTHA CTAJIA C HEJbI0 MOBLIINICHUSA
Ka4yecTBa roTOBOM NMPOAYKIHHU METOA0OM 3JICKTPOMATHUTHOI'O IM€PpEMEIINBAHU S
(OMII)

Jna mpenorBpamieHrs oOpa3oBaHMsS MM TIOJABIEHHA pa3BUTHS KPHUCTAJUIN3AaLMOHHBIX,
yCaJOYHBIX W JIMKBAIIMOHHBIX JEPEKTOB MPUMEHSIOTCS Pa3iIM4YHble METOABI (U3UYECKOTO
BO3/ICHCTBYS Ha 3aTBepAEBAIOMIME paciuiaB. [Ipu BEIOOpE TEXHOIOTUH B KaX/IOM KOHKPETHOM
cllydae CIelyeT HCXOOUTh TPEKAEC BCErO0 U3 €€ DKOHOMUYHOCTH, I(PPEKTUBHOCTH H
9KOJIOTUYECKUX HOPM.

Paccmorpen Merox  u3MuUECKOro BO3ACHCTBUS Ha  KPUCTAUTM3YIOMIMHCS — CIUTOK:
3MeKTpoMarHuTHoe nepemMerbanue (OMII).

[To Muenuto aBTOpOB cTaThur, DMII sxuKON JTYHKH HEMPEPHIBHOTO CIUTKA SBJsieTCS Hanbosee
3G(GEKTUBHBIM  CIOCOOOM aKTHBHOTO BMEMIATENbCTBA B  MPOIECC KPHUCTAIUTH3ALUH
HEMPEpHIBHOTO CIUTKAa HEMOCPEACTBEHHO 110 XOJYy pa3iuBKA C TapaHTUPOBAHHOM
BO3MOXKHOCTBIO YIPAaBJICHUS IPOIECCOM CTPYKTYpooOpazoBaHus. B Hacrosmiee Bpemsi B
mupoBoii mpaktuke OMII sxuakoro meramuia Ha MHJI3 cramo HeoThemiieMOW 4YacThIO
MIPOrPECCUBHOM TEXHOJIOTMH MOTy4eHHs BRICOKOKaUECTBEHHBIX 3ar0TOBOK. B pesynbTaTe pocT
TpeOOBaHUI K KayecTBY MNPOAYKIMH M pa3Buthe 3(Q(EKTUBHBIX METOJOB U CPEACTB
3JIEKTPOMAarHUTHON 00pabOTKH pacIuiaBOB MPUBEIN K TOMY, YTO B KOHTPAaKTHbIE TPeOOBAaHUA K
KauecTBY HEMPEpHIBHOIUTBHIX 3arOTOBOK BHOCATCA TOJNIOKEHUS 00  00sS3aTelnbHOM
rcnonbs3oBaHuy DMII mpu Mpou3BOICTBE MPOIYKIIMH U3 BHICOKOKAUYECTBEHHBIX CTajeH.
IMokazano, 4Yro g ycTpaHeHUs psga JeQeKTOB MaKpPOCTPYKTYPHl HENPEPhIBHOIUTOMN
3arOTOBKH, CBSI3aHHBIX C MPOLECCOM KPHUCTAUIM3ALUHU, YCaJOYHBIMA U JIMKBAIIMOHHBIMHU
SIBJICHUSIMHU, KOTOpPbI€ HE MOTYT OBITh IIOJIHOCTBIO YCTPaHEHbl JaXke IPU ONTUMAJIbHBIX
KOHCTPYKTHBHBIX 0COOeHHOCTsIX oOopynoBanus MHJI3 u panuoHanbHBIX TEXHOJIOTMYECKUX
napaMerpax IpoLecca HENPEephIBHOIO JHUThA, HEOOXOAMMO [ONOJIHMUTEIbHOE IPUMEHEHUE
METO0B  (PU3MUECKOTO BO3ACHCTBHA Ha IIPOLECC 3aTBEPIEBaHMUS IKUIKOHM  CTalH.
IIpumensemsblii coco® 3aBUCUT OT TEXHOJOIMH HENPEPhIBHOW Pa3jIMBKU U CYIIECTBYIOILETO
obopynoBanus MHJI3.

JlaHHBII METOJ pAaCCMOTPEH Ha IIPUMEPE POCCUUCKIX METaJUTYPTHIeCKUX KOMOMHATOB, TaK KaK
B KazaxcraHe nJaHHBII METOJ HE IPUMEHSIICSL.

Kniouesvie cnoea: HenmpepbIBHAs pa3iMBKa CTaJM; KPHCTAJUIM3YIOIIMHCS CIUTOK; METOJBI
(bHU3MUECKOTr0 BO3ACHCTBYS; yCTpaHEeHHE 1e()eKTOB MaKPOCTPYKTYPHI.
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