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Annotation
The work is devoted to the substantiation and selection of a rational operating
frequency of the current in induction crucible furnaces. Criteria are considered

when choosing the current frequency of induction furnaces, which provide an
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increase in the efficiency of the furnace, an increase in productivity, and a
decrease in the cost of electrical equipment. A technique for determining the
dependence of the electrical efficiency is given. of the “inductor-metal charge”
system on frequency.

Keywords: current speed, metal charge, consumable crucible furnace, electrical
equipment, melting.

Introduction

The current frequency for induction crucible furnaces (ICF) is an important
operational parameter that determines the technical and economic performance of
induction melting. The size of the pieces of charge materials depends on the
current frequency [1]. For the operation of induction crucible furnaces, it is
necessary to estimate the frequency of the current.

The main criteria for choosing a frequency are the cost-effectiveness of operation
and the minimum amount of capital costs. The influence of frequency on the value
of capital costs is reflected in the fact that the cost of a frequency converter and a
capacitor bank, which are the main components of the cost of an induction
installation, depend on the frequency of the current. Since the cost of a frequency
converter (by 1 kvar) increases with increasing frequency due to the complexity
of electrical equipment, and the cost of 1 kvar of a capacitor bank decreases with
increasing frequency, on the contrary, due to a decrease in the required capacity
of a capacitor bank, the total cost of the converter and capacitor bank does not
remain constant when the frequency changes [2,6].

The capacity of a capacitor bank for an ICF is inversely proportional to the
frequency. As the frequency decreases, the capacitance, dimensions and cost of
the capacitor bank increase. The cost of a capacitor bank increases more slowly
than 1/f, since with decreasing frequency, the reactive power factors change,
taking into account the peculiarities of the physical processes of propagation
(attenuation and reflection) of cylindrical electromagnetic waves in the inductor
and in the metal cylinder. Therefore, the cost of a capacitor bank is the largest part
of the cost of electrical equipment.

With increasing frequency, it is possible to increase the price of a unit capacitance
of the capacitor (due to the use of a better dielectric), but in general the cost of the
frequency converter increases, and it is possible to determine the economically

optimal frequency fopt, at which the total cost of electrical equipment will be the

HTTPS://IT ACADEMIASCIENCE.ORG
41



INNOVATIVE TECHNOLOGICA

METHODICAL RESEARCH JOURNAL
ISSN: 2776-0987 Volume 3, Issue 6, June, 2022

lowest. On fig. 1 shows the dependence of the cost of electrical equipment of the
ICF on the frequency of the current.

Cost
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Figure 1 - Dependence of the cost of electrical equipment of ITP on frequency:
1- frequency converter; 2-capacitor battery; 3-total cost

As can be seen from figure 1 with an increase in the frequency of the current, the
cost of the current frequency converter increases, the cost of the capacitor bank
decreases, and the total cost of the electrical equipment of induction furnaces has
an area of optimal values. Therefore, when choosing electrical equipment, it is
necessary to use the region of optimal current frequency values.
The values of the minimum fi, and critical current frequency fi, are determined
for the moment of melting, when the metal charge, consisting of individual pieces,
has already lost its magnetic properties (above the Curie point), but has not yet
“welded” into a solid cylinder [1-4].
For the operation of the ICF, it is necessary to estimate the frequency of the
current. Table 1 shows the optimal sizes of pieces of metal charge depending on
the current frequency at temperatures of 300 and 1100 K.

Table 1 - Rational sizes of charge pieces in steelmaking [2]

Frequency, Optimum size of pieces, cm
Hz 1100 K 300K
50 34 32
500 10,7 9,9
2000 54 5,0
10000 2,4 2,3
100000 0,8 0,72
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As can be seen from Table 1, with increasing current frequency, the size of the
pieces decreases. With a preheated mixture, you can increase the size of the
pieces.

The choice of operating frequency fuor current of induction crucible furnaces is
based on the determination of the minimum (necessary) fmin, critical fi and
economically optimal frequency for.

The operating current frequency fuork IS selected from the condition:

fwork > fkr-

Kputnueckyto yactory pr B Ka4eCTBE JIOCTATOYHOTO YCJIOBHS BBIOOpA pabodeii
YaCTOTHl TOKa fpa6 OTNPENENSIOT Tpado-aHATUTUYECKUM METOJIOM C y4eTOM
3aBUCUMOCTH 3JEKTPUYECKOTO K.ILJ. T,,; CUCTEMbI “UHIYKTOp - METALT OT
4acToTHI f:

The critical frequency fi as a sufficient condition for choosing the operating
frequency of the current fyon IS determined by a graph-analytical method, taking
into account the dependence of the electrical efficiency. ng; of the “inductor -
metal” system on the frequency f:

1

Nel = 1+kah\/ppI_ e Xn (0, "

m Ky pkzkfy p

vt

D . . : : .
where kp = . simplex relative internal (“active”) diameter of the inductor

m

(in relation to the diameter of the metal Dy,);
k, = ;—‘ — simplex relative height of the inductor (in relation to the height of the

m

metal hy);
p; = 2+ 1078 Ohm'm - resistivity of a copper water-cooled inductor;

P = 140 - 1078 Ohm'm - resistivity of liquid steel [6-8];
k; p u k,,, p — active power factors characterizing the conditions of attenuation of
a cylindrical electromagnetic wave, respectively, in the inductor and in the molten
metal and depending on the respective relative “active” diameters of the inductor
th/8e.i;
k, = 0,9 —fill factor of the inductor;
km,p — coefficient characterizing the scattering of the magnetic flux in the given
system "inductor - metal™ and depending on the ratios of geometric simplices
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A study of the dependence of the electrical efficiency was carried out. from the
operating frequency on the example of an induction crucible furnace with a
capacity of 6 tons (ITP-6) that are in operation at the production of the Foundry
and Mechanical Plant. The results of the calculation of the electrical efficiency.
systems “inductor - metal charge” according to formula 1 are given in table. 2 and
in fig. 3.

Table 2 - Initial data for calculating the electrical efficiency ICF-6

Current frequencyf,Hz | 10 | 50 | 500 | 1000 | 67000
Inductor (D, = 1300 mm)
Equivalent depth & ;,mm 22,4 10 3,2 2,2 0,3
Relative diameter Dy /8¢ 58,1 130,0 4111 581,4 4758,8
Metal charge Dy, = 280 mm

Equivalent depth &, 4,mm 70 31,6 10 7,1 0,9
Relative diameter Dy}, /8¢ .m 4 8,9 28 39,4 311
Coefficient ky, p 0,45 0,85 1 1 1
Electrical efficiency n,, 0,88 0,93 0,94 0,94 0,94
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Figure 3 - The dependence of the electrical efficiency. systems "inductor - metal
charge" on the frequency of current ICF-6

As can be seen from Fig. 3 for ICF-6, with increasing frequency, the electrical

efficiency increases. and at a frequency of 500 Hz reaches its maximum value, i.e.

limn = 0,94 Therefore, for ICF-6 it is advisable to choose a current frequency

of 500 Hz.
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Conclusion

The results of the study on the choice of the current frequency of induction
furnaces made it possible to formulate recommendations for increasing the
electrical efficiency, rational values of the current frequency, taking into account
the performance of the furnace. The dependence of the electrical efficiency is
shown. from the operating frequency on the example of ICF-6 in operation.

References

1.

Hypwmertos, X. 1., Typcynos, H. K., Kenxaes, C. H., & Paxumos, V. T. (2021).
[TEPCITEKTUBHBIE MATEPHAJIbI JUIA MEXAHMW3MOB
ABTOMOBUJIbBHBIX AT'PET'ATOB. Scientific progress, 2(2), 1473-1479.
Tursunov, N. K., Semin, A. E., & Sanokulov, E. A. (2016). Study of
desulfurization process of structural steel using solid slag mixtures and rare
earth metals. Chernye metally, 4, 32-7.

Typcynos, H. K., Toupos, O. T., XKene3usakos, A. A., & Komuccapos, B. B.
(2021). CHuxenue nePEeKTHOCTH KPYIMHBIX JHTHIX JI€Tajeil IMOJBUKHOTO
COCTaBa JKEJIE3HOJOPOKHOTO TPAHCIOPTA 3a CYET BBIMOJTHCHHUS MOIIHBIX
YIOPOUHSIIOIIUX PEOEP.

Typcynos, H. K., Canokynos, 9. A., & Cemun, A. E. (2016). VccnenoBanue
mpoiiecca Jecyiabypanuu KOHCTPYKIIMOHHOW CTaldd C HCIOJIb30BAaHUEM
TBEP/IBIX MITAKOBBIX cMeceit 1 P3M. Uepnbie metamsl, (4), 32-37.

Tursunov, N. K., Semin, A. E., & Sanokulov, E. A. (2017). Study of
dephosphoration and desulphurization processes in the smelting of 20GL steel
in the induction crucible furnace with consequent ladle treatment using rare
earth metals. Chernye Metally, 1, 33-40.

Typcynos, H. K., Cemun, A. E., & Kotensnukog, I'. W. (2017). Kuneruueckue
OCOOEHHOCTH Tpolecca Jecyibypanuu Tpu  BBIIUIABKE CTald B
UHIYKITHOHHOW TUreIbHOM meun. YepHbie MeTamisl, (5), 23-29.

Typcynos, H. K., Cemun, A. E., & Canokynos, 2. A. (2017). UccnenoBanue
npoiieccoB nedochopanuu u necynbdypanuu npu BeituiaBke ctamu 2007J1 B
WHIYKIIMOHHOM THUTENBHOM Teun ¢ JanbHeieid oOpaboTKoW B KOBIIE C
UCIIOJIb30BaHUEM PEIKO3eMEIbHBIX MeTautoB. YepHbie metasmisl, (1), 33-40.
Toirov, O. T., Tursunov, N. Q., Nigmatova, D. I., & Qo’chqorov, L. A. (2022).
USING OF EXOTHERMIC INSERTS IN THE LARGE STEEL CASTINGS
PRODUCTION OF A PARTICULARLY. Web of Scientist: International

Scientific Research Journal, 3(1), 250-256.

HTTPS://IT ACADEMIASCIENCE.ORG
45



INNOVATIVE TECHNOLOGICA

METHODICAL RESEARCH JOURNAL
ISSN: 2776-0987 Volume 3, Issue 6, June, 2022

9. Typcynos, H. K., & Toupos, O. T. (2021). Camxenue aeeKTHOCTH paM 10
TpEeIIMHAM 3a CUET MPUMEHEHUSI KOHCTPYKIIUUA TUTHUKOBON CUCTEMBI.

10.Towupos, O. T., Typcynos, H. K., Kyukopos, JI. A., & Paxumos, Y. T. (2021).
UCCJIEJJOBAHUE IIPUUYNH OBPA3BOBAHUS TPELIMHBI B OJHON
13 TIOJIOBUH CTEKJIO®OPMBI TTOCJIE EE OKOHYATEJIBHOI'O
M3I'OTOBJIEHU . Scientific progress, 2(2), 1485-1487.

11.Tursunov, N. K., Semin, A. E., & Sanokulov, E. A. (2017). Research of
dephosphorization and desulfurization processes in smelting of 20GL steel in
an induction crucible furnace with further processing in a ladle using rare earth
metals. Chern. Met., 1, 33-40.

12.Ten, 3. b., & Toupos, O. T. (2021). OnTuMu3anmsi TMTHUKOBON CUCTEMBI JISI
otiuBky. Jlurelinoe npoussocTro, (10), 17-19.

13.Ten, 2. b., & Toupos, O. T. (2020). OnTUMHU3aLKs TUTUKOBON CUCTEMBI JIJIs
oTuBKU «Pama OOKOBas» C MOMOIIbIO KOMITBIOTEPHOTO MOJICIUPOBAHUS.
In IIporpeccuBHbIe UTeiHBIC TexHONMOTHUHU (PP. 57-63).

14.Asumos, E. X., Paxumos, V. T., Typcynos, H. K., & Toupos, O. T. (2022).
HccnmenoBanne BIMAHUE KATHOHOB COJIEM Ha PEOJIOTMYECKUM CTaTyc
reJIJIaHOBOM Kamenu 10 reieoOpasoBanms. Oriental renaissance: Innovative,
educational, natural and social sciences, 2(Special Issue 4-2), 1010-1017.

15.Toupos, O. T. V., Typcyno, H. K., & Kyukopos, JI. A. V. (2022).
CoBepIICHCTBOBAaHUE TEXHOJOTUH BHETEYHONW OOpaOOTKU CTalHM C IICJIbIO
TIOBBIIIICHHUS €€ MEXaHUYEeCKUX CBOMCTB. Universum: TeXHHUECKUE HAyKH, (4-
2 (97)), 65-68.

16.Riskulov, A. A., Yuldasheva, G. B., Kh, N., & Toirov, O. T. (2022).
DERIVATION PROCESSES OF FLUORINE-CONTAINING WEAR
INHIBITORS OF METAL-POLYMER SYSTEMS. Web of Scientist:
International Scientific Research Journal, 3(5), 1652-1660.

17.Paxumos, Y. T., Typcynos, H. K., Kyukopos, JI. A., & Kenxaes, C. H. (2021).
N3YUYEHUE BJIMAHWUA [OUHKA Zn HA PA3BMEP 3EPHA WU
KOPPO3MOHHYIO CTOMKOCTH CIIJIABOB CHUCTEMBI Mg-Nd-Y-
Zr. Scientific progress, 2(2), 1488-1490.

18.Hypmetos, X. U., Typcynos, H. K., Typakynos, M. P., & Paxumos, VY. T.
(2021). YCOBEPIIEHCTBOBAHUE MATEPUAJIA KOHCTPYKLWU
KOPITYCA ABTOMOBWJILHOM TOPMO3HON KAMEPBIL. Scientific
progress, 2(2), 1480-1484.

HTTPS://IT ACADEMIASCIENCE.ORG
46



INNOVATIVE TECHNOLOGICA

METHODICAL RESEARCH JOURNAL
ISSN: 2776-0987 Volume 3, Issue 6, June, 2022

19.Tursunov, N. K., & Ruzmetov, Y. O. (2018). Theoretical and experimental
analysis of the process of defosphoration of steel used for parts of the mobile
composition of railway transport. Journal of Tashkent Institute of Railway
Engineers, 14(2), 60-68.

20.Toupos, O. T., Kyukopos, JI. A., & Bamuesa, /[. I1I. (2021). BJIMSIHUE
PEXXMA TEPMUYECKOM OBPABOTKM HA MHMKPOCTPYKTYPY
CTAJIU TAAPUIIBJA. Scientific progress, 2(2), 1202-1205.

21.Typcynos, H. K., Ypazbaes, T. T., & Typcynos, T. M. (2022). Metoauka
pacuera KOMIUIEKCHOTO PACKUCIEHUS cTanu mapkd 20ri ¢ allloOMUHHEM U
kanpimeM. Universum: TexHudeckue Hayku, (2-2 (95)), 20-25.

22.Toirov, B. T., Jumaev, T. S., & Toirov, O. T. (2021). OBYEKTLARNI
TANIB OLISHDA PYTHON DASTURIDAN FOYDALANISHNING
AFZALLIKLARI. Scientific progress, 2(7), 165-168.

23. TYPCYHOB, H. (2021). IloBsilieHre KauecTBa CTalu 3a CYET MPUMEHEHUS
penxoszemenbHbIXx MeTauioB. BS Herpeit, BM OBunnnukoB, AA TloanyOHbIH,
AB Ilurynos, AO IllumanoBckwuii, 158.

24. Typcynos, H. K. (2022). UccnenoBanue pexumMoB paduHUPOBAHUS CTalH,
UCIIOJIb3YEeMbI€ I MU3TOTOBJIEHUS JIUTBHIX JeTalled TMOJBUXKHOIO COCTaBa
KEJIE3HOIOPOKHOTO TpaHcopTa. Jlyumuii uHHOBaTOp B 001acTu Hayku, 1(1),
667-673.

25.Riskulov, A. A., Yuldasheva, G. B., & Toirov, O. T. (2022). FEATURES OF
FLUOROCOMPOSITES OBTAINING FOR WEARING PARTS OF
MACHINE-BUILDING PURPOSE. Web of Scientist: International Scientific
Research Journal, 3(5), 1670-1679.

HTTPS://IT ACADEMIASCIENCE.ORG
47



