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Abstract

Introduction. The technology of centrifugal bimetallization using an independent axisymmetric electric arc is becoming
increasingly important due to the high need to improve the quality of bimetallic compositions used in the manufacture of
plain bearings, cylinder barrels for hydraulic units, and friction pair elements in internal combustion engines. The existing
research in this area emphasizes the need for a more in-depth study of the features of thermal processes associated with
this technology. In modern scientific literature, issues related to temperature control at the interface of materials are not
fully disclosed, and the existing gap in the concept of the behavior of bimetallic compounds under heating conditions
hinders the implementation of this technology in industrial production. The objective of this study is to conduct analytical
modeling of a heat source in the form of an axisymmetric electric arc to determine the heat concentration coefficient and
reduce the proportion of experimental data in the thermal process model, which will increase its versatility. The tasks
arising from the stated goal are comparison of the results of calculating the effective heat flux density from two different
expressions (using trigonometric and exponential functions), as well as evaluation of the distribution of the heat flux of
an axisymmetric arc along the inner surface of the sleeves (this is required to establish the relationship between the
temperature of the outer surface of the welded sleeve and the temperature at the interface between the materials).
Materials and Methods. Direct control of the temperature at the interface between the base material and the deposited
layer is difficult, but it is possible to carry out indirect control using the temperature of the outer surface. To determine
the relationship between the temperature of the outer surface of the deposited sleeve (billet) and the temperature on its
inner surface, i.e., at the interface between the base material and the deposited layer, a heat source was modeled, the heat
flux distribution of an axisymmetric electric arc along the inner surface of the sleeve was estimated, and an analytical
expression was obtained to determine the heat concentration coefficient.

Results. In the course of the work, an analytical expression was obtained for determining the coefficient of heat concentration,
k=0.945/ R3. It was required for calculating the electric arc parameters considering the distribution of the effective thermal power
in the hot spot according to an exponential dependence. To simulate the heat source of the facing process (bimetallization) of the
inner surface of steel sleeves with heating by an independent axisymmetric electric arc, the results of calculating the effective heat
flux density were compared using two expressions: g = qo - cos*¢ and g = 9y e 7i. This comparison showed that for calculating
temperature fields during facing of the inner surface of steel sleeves (billets) with metal alloys under heating by an independent
axisymmetric arc, it was possible to use the analytical exponential form of representation of the heat source.

Discussion and Conclusion. Modeling thermal processes of the centrifugal bimetallization using simplified schemes of
uniform distribution of heat flow ¢ = const on the entire free surface of the deposited layer, which simulates the spread
of heat of an electric arc, requires the introduction of correction factors and a series of experiments to determine them. In
this case, the description of the thermal process in the thermal process model contains a high proportion of experimental
data and correction factors. Therefore, in order to exclude most of the experimental components when modeling the heat
source and heat flow distribution of the facing process (bimetallization) of the inner surface of steel sleeves under heating
by an independent axisymmetric electric arc, the author in this paper proposes an analytical solution for calculating the
effective heat flow density in the form of an exponential function. This function allows determining the heat concentration
coefficient of an independent axisymmetric electric arc during the facing process, which is required to increase the
accuracy of calculating the temperature field of the bimetallized sleeve and improve the temperature control of the thermal
parameters of the technological process.
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OpueuHaﬂbnoe meopemuieckoe uccredosanue

AHaJIMTHYECKOEe MOJeJMPOBAHNE TENJIOBOI0 HCTOYHUKA NPH HAIJIABKE CTAJbHOH BTYJIKH
LHEHTPOOEKHBIM METO0M C MCII0JIb30BAHUEM 0CECHMMETPHYHOM 31eKTPHYECKO 1yru

C.IL I'nymxo

Ky0aHnckwuii TocyapcTBEHHBIN TEXHOJIOTHYECKHI YHHBEPCHUTET, T. KpacHonap, Poccuiickas denepanns
>4 sputnik_s7@mail.ru

AHHOTAUMSA

Beedenue. Texnonorus ueHTpoOEKHON OMMETaUTM3alNH C TPUMEHEHHEM HE3aBUCHMOM OCECUMMETPUYHOH AJIEKTpHYe-
CKOW JIyr'M CTaHOBHTCS BCE OoJiee 3HAYMMOW BBHIY BBICOKOM MOTPEOHOCTH B YJIYYIICHHH KauecTBa OMMETaITMYECKUX
KOMIO3HLUH, UCIOJIb3yEMBIX B IPOU3BOACTBE MOIIMINITHUKOB CKOJIBKEHMS, THIIb3 U LWIHHAPOB THAPOMALINH H 3J1e-
MEHTOB Tap TPEHUS B ABUTATEISIX BHYTPEHHETO cropaHus. ViMeromuecs ucciaeq0BaHus B 3TOH 00JIaCTH MOTIEPKUBAIOT
HEoOX0AMMOCTH OoJiee TITyOOKOTO M3Y4YeHHUs] OCOOCHHOCTEH TEIIOBBIX IPOIIECCOB, CBA3AHHBIX C ATOW TeXHoJorueil. B
COBpPEMEHHOW HAYYHOU THUTEpaType HeIOCTATOYHO MTOJTHO PACKPHITHI BOIPOCHI, KacaroIuecst KOHTPOJIS TeMIIepaTyphl Ha
TpaHHMIIE pa3jiesia MaTepHUaJIOB, M NMEIOIIHICS MPoOe B IIPEACTaBICHNH O MOBEACHNH ONMETANINIECKUX COSTUHEHUN B
YCIIOBHSAX HarpeBa TOPMO3HT BHEJIPEHUE STOM TEXHOJIOTHH B POMBIIIIICHHOE TIPOU3BOACTBO. L{ens manHOrO HecneaoBa-
HUSL — MPOBEACHUE aHATUTHYECKOIO MOJETUPOBAHHUS TEIJIOBOIO UCTOYHUKA B BUJIE OCECUMMETPUUHON 3IIEKTPUIECKOI
JYTH JUIS OnpesieNieHuss KOd(pPUIUMEHTa COCPEOTOUYCHHOCTH TEIUIa U CHU)KEHHMS JIOJIM DKCIIEPUMEHTAIbHBIX JaHHBIX B
MOZEJIM TEIJIOBOI0 MPOLECCa, YTO MO3BOJIUT MOBBICUTh €€ YHUBEPCAIBHOCTh. 3a/1aul, BHITEKAIOUINE U3 NTOCTABJICHHOM
eI, 3aKJIFOYal0TCsl B CPAaBHEHHH PE3yJIbTaToB pacuera 3((eKTUBHON INIOTHOCTH TEIUIOBOT'O IOTOKA 110 IBYM Pa3iify-
HBIM BBIPQXCHUSM (C HCIIOF30BaHHEM TPUTOHOMETPHUIECKOM M 3KCIIOHCHITMATFHON (DYHKIIHI), a TaK)Ke B OIIEHKE pac-
npeseNieHus TEIIOBOr0 MOTOKa 0CECUMMETPHUYHON JAyTH MO BHYTPEHHEH MOBEPXHOCTH BTYJIOK (3TO HEOOXOIMMO UL
YCTaHOBIICHHS 3aBUCUMOCTH MEKIY TEMIepaTypoii Hapy>KHOW TTOBEPXHOCTH HAIUIABIIEMON BTYJIKH U TEMIIEpaTypoil Ha
TpaHUIle pa3/iena MaTepHajoB).

Mamepuanvt u memoost. IIpssMoii KOHTPOIH TEMIIEPATYPHI HA TPAHUIIEC pa3/elia MaTeprala OCHOBBI U HAIUIABIIEMOTO
CJIOA ABJIACTCA 3aTPYAHUTEIIbHBIM, OAHAKO BO3MOXXHO OCYHICCTBUTH KOCBEHHBIN KOHTPOJIb C IOMOUIBIO TEMIICPATYPhI
HapY>KHOW TOBEPXHOCTH. J[JIs1 ompeneeHus: 3aBUCUMOCTH MKy TEeMITEpaTypol Hapy»KHOI MOBEPXHOCTH HAIUIaBIIsIC-
MOM BTYJIKU (3arOTOBKH) M TeMIepaTypoil Ha e€ BHYTpEeHHEH NMOBEpXHOCTH, TO €CTh Ha TpaHHUIIE pasjesia MaTepuaia
OCHOBBI W HAIUIABIISIEMOTO CJOs, OBLTH MPOBEICHBI MOJICIMPOBAHIE TEIUIOBOIO MCTOYHWKA W OIICHKA paclpelleIeHUs
TEIIOBOIO IIOTOKA OCECUMMETPUUYHOM 3JIEKTPUYECKOM IyTU 110 BHYTPEHHEN IIOBEPXHOCTH BTYJIKU.

Pe3ynomamut uccnedosanus. B xone paboThI MOTy4eHO aHATUTHIECKOE BRIPAKCHHE IS OTIPEeNICHIST KO PHUIIEHTa
COCPEIOTOUCHHOCTH Terwa, k = 0,945 / R?, KOTOpBIA HEOGXOMMM [ PacyéTa MapaMeTpoB SIEKTPUUECKON JyTH C yus-
TOM pacnpeneieHus 3G (GeKTHBHON TEIIOBOH MOIIHOCTU B IISITHE HArpeBa IO SKCIIOHEHIIHAILHON 3aBUCHMOCTH. Jljst
MOJIETMPOBAHMS TEIJIOBOTO MCTOYHMKA ITPOIIECCa HAIUIABKH (OMMeETaIM3aliy) BHYTPEHHEH IMOBEPXHOCTH CTaJIbHBIX
BTYJIOK C HAarpPeBOM HE3aBUCHMOMN OCECHMMETPHYHON 3JIEKTPUYECKON Myroi OblIM CpaBHEHBI pe3ybTaThl pacueTa 3¢-
(PEKTMBHO} TIIOTHOCTH TEMIOBOTO MOTOKA IO JIBYM BBIPOKEHUAM: ¢ = ¢o * COS°(Q U q = 9" e*7 Do CpaBHEHHE TOKa-
3aJ10, YTO JJISl pacueTOB TEMIIEPaTyPHBIX HOJEH IPH HAIUTaBKEe BHYTPEHHEH MOBEPXHOCTH CTAIBHBIX BTYJIOK (3aTOTOBOK)
METAJUIMYECKUMH CILJIaBAMU C HArPEBOM HE3aBUCHUMOM OCECUMMETPUYHON TyTrof MOXKHO MCHOIb30BATh AHATUTUIECKYIO
9KCTMOHEHIHANBHYIO (POPMY NPE/ICTABICHUS TEIJIOBOIO HCTOYHHUKA.

Obcyscoenue u 3axknrouenue. MoemupoBaHie TEIUIOBBIX MPOIECCOB IIEHTPOOCKHON OMMETAILTH3AIUH C IPUMECHECHHEM
YIPOIIEHHBIX CXEM PABHOMEPHOTO paclpeieNieHHs TEIIOBOTO IMOTOKA g = const Ha Beeil CBOOOIHOM MOBEPXHOCTH HAIlIaB-
JSIEMOTO CJI0SI, 9TO AIMUTHPYET PacIIpoCTpaHCHUE TeIlIa SJIEKTPHICCKON IyTH, TPeOyeT BBEICHNS KOPPEKTUPYIOMIHX KO-
(PMLIMEHTOB U TIPOBEJCHUS CEPHU SKCIIEPUMEHTOB IS X ONpeJie]ieHHs. B 9ToM cilydae B ONMCcaHUuU TEIJIOBOTO Ipolecca
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B MOJIEJIH TEIUIOBBIX MPOIIECCOB BBICOKA JIOJIS IKCIICPUMEHTAIBHBIX JAHHBIX M KOpPEKTHpYommxX koddduimentos. [To-
3TOMY JUTSl NCKJTFOUEHUSI OOJIbIIEH YacTH SKCIIEPUMEHTANIBHBIX COCTABIISIOINX IIPY MO/ICITMPOBAHUH TEIJIOBOTO HCTOYHHKA
U pacIpeeNeH s TEIIOBOro M0TOKa MPOoLIecca HAIUIABKK (OMMeTaJUIN3alliK) BHY TPEHHEH MOBEPXHOCTH CTAIBHBIX BTYJIOK
C HarpeBOM HE3aBHCHMOM OCECHMMETPHUYHOHN MIEKTPHUYCCKOM TyTOil aBTOPOM B TAHHOW pabOTe MPEIIOKECHO aHAIUTHYC-
CKOE€ pellieHue Juisl pacuera 3Q(eKTUBHOH MIIOTHOCTH TETUIOBOTO MOTOKA B BUJIE DKCIIOHEHIIMAIBLHON (DYHKIMHU, KOTOpast
TI03BOJISIET ONPENETUTH KO3 (HUIMEHT COCPEAOTOUEHHOCTH TEIIa HE3aBUCHMOM 0CECUMMETPUYHOH 31IEKTPHUIECKON TyTH B
TpolLiecce HAITaBKH, KOTOPBIH HEOOXOIMM JUIs HOBBIIEHHUS TOYHOCTH pacyeTa TeMIIEPaTyPHOTO MO OMMETaUTH3UPYEeMOH
BTYJIKU 1 YIIy4IIEHHUS KOHTPOJISI TEMIIEPATYPBhI TETIOBBIX MTApaMETPOB TEXHOJIOTHUYECKOTO MPOLIEcca.

KioueBble ciioBa: OuMmeTrayuibl, HAaIUIaBKa, HJIEKTPUUYECKasl Jyra, HEeHTpoOeKHas OMMeTaIM3alys, JeTaad MallvH,
M3HOCOCTOHKOE TOKPHITHE, aHTH(PPUKIIMOHHOE TOKPBITHE, BOCCTAHOBJICHUE JETalieii, TEIIOBOH HMCTOYHHUK, pacueT
TeMITepaTypbl, KOAPPHUIUESHT COCPEAOTOUECHHOCTH TEIJIa, MOICINPOBAHUE AIICKTPHUUECKOI TyTrH

BaarogapHoctun. ABTOp BbIpaXaeT OJIarogapHOCTh PENAKIMOHHOM KOJIETMHM JKypHajla W pPELEH3EHTY 3a
npodeccroHaNbHBII aHaIU3 CTaThH U PEKOMEHALUH ISl €€ KOPPEKTUPOBKH.

Jas mutupoBanus. [mymko C.II. AHanuTHYeCKOe MOIETMPOBAHME TEIUIOBOTO MCTOYHHKA MPH HAIUIABKE CTABHON
BTYJIKH LIEHTPOOEKHBIM METOJ/IOM C MCIOJIb30BAaHUEM OCECUMMETPUYHOM AIIEKTpHUUecKoil nyru. Advanced Engineering
Research (Rostov-on-Don). 2025;25(2):83-90. https://doi.org/10.23947/2687-1653-2025-25-2-83-90

Introduction. In units and mechanisms of various processing equipment, plain bearings are used, for the manufacture
of which expensive antifriction and wear-resistant alloys from various metals are used [1]. Mechanical engineering also
needs parts for friction pairs of internal combustion engine sleeves, screw-nut sliding gears [2], sleeves for hydraulic
machine cylinders operating under high pressure conditions in the range of 50-60 MPa [3]. To improve performance
characteristics and reduce the consumption of expensive materials, it is advisable to manufacture these parts from bimetal,
in particular, from a steel-bronze composition. For example, laser [4] or thermal spraying [S] can be used to obtain
bimetallic compositions. However, with these spraying technologies, it is very difficult to obtain layers 2—4 mm thick
with an allowance for roughing and finishing. To deposit layers of sufficient thickness for subsequent processing, it is
possible to use powder surfacing according to additive technology with the energy of an electron or laser beam [6], and
to obtain coatings from wear-resistant alloys, it is possible to use laser cladding [7]. In the production of metal composites
with a metal matrix, laser additive technologies are used [8]. In addition, selective laser melting (SLM) and electron beam
melting (EBM) are applied. These are new technologies of rapid additive manufacturing [9], which provide for the
production of complex monoliths from metals or alloys by selective melting of powder layers directed according to a
CAD model. However, when facing the internal surfaces of sleeves with diameters of 80-250 mm, it is either difficult or
impossible to place energy source units inside them.

Due to the complexity of the technical implementation of the listed technologies, the use of centrifugal bimetallization
technology with an independent axisymmetric electric arc is becoming increasingly important. In [10], the modeling of
the thermal process of centrifugal bimetallization of the inner surface of sleeves is described. There, a simplified scheme
of uniform distribution of heat g = const over the entire free surface of the deposited layer was adopted to calculate the
temperature field of the bimetallized sleeve, which simulated the spread of heat of an electric arc that moved from end to
end of the deposited sleeve at a speed of v=0.086 m/s (the value of the Peclet number for this case allowed for such
imitation). The disadvantage of this scheme is that its use requires the introduction of correction factors and the
performance of a series of experiments to determine them. In this case, the model loses its universality, and the proportion
of experimental data and correction factors in the description of the thermal process increases.

Analytical modeling of the heat flux density of an electric arc, calculation of the material temperature in the arc hot
spot, and description of the temperature field of a bimetallized sleeve (billet) will allow solving the problem that faces
the author — to reduce the proportion of experimentally obtained data in the model, increase the accuracy of calculating
the temperature field of a bimetallized sleeve, and strengthen control over the temperature of the process.

To evaluate the heat flow distribution of the bimetallization process of sleeves and exclude most of the experimentally
obtained data, the following steps must be taken:

— compare the results of calculating the effective heat flux density to a trigonometric function and an exponential function;

— identify the possibility of representing a heat source during facing of the internal surfaces of steel sleeves using the
proposed technology with an exponential form to determine the heat concentration coefficient of an independent
axisymmetric electric arc during the facing process.
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Materials and Methods. This paper studies the technology of centrifugal bimetallization using an independent

axisymmetric electric arc, whose diagram is shown in Figure 1.

Selected element of hot spot

Sleeve (billet)

Heat flow q of selected element Charge

L

\ VA

)

Electric arc

R

Graphite electrodes

Fig. 1. Scheme of facing the inner surface of a steel sleeve (billet) using centrifugal
method through heating by an independent axially symmetrical electric arc

The production of bimetallic sleeves (billets) with heating by an independent electric arc provides high quality of the
deposited layer and bimetallic composition if correct temperature control is established at the interface between the
deposited layer and the steel base — on the inner diameter of the sleeve R;. In production, direct control of temperature
in the diffusion zone is difficult to implement, but indirect control is possible. It is based on the temperature of the outer
surface of the steel base at diameter R; if there is a mathematical model that links the temperature of the outer surface of
the welded billet (sleeve) at diameter R, and the temperature of its inner surface at diameter R, [10]. To solve this problem,
it is necessary to use the heat transport theory [11]. In addition, initial data are needed, including a correct representation
of the heat source [12] when calculating the temperature conditions of electric arc processes [10], e.g., bimetallized
sleeves with heating by an independent axisymmetric electric arc.

Mathematical models of an electric arc can be divided into two groups according to the method of their construction [13]:
theoretical models obtained on the basis of the laws of physics, and experimental models obtained as a result of approximating
experimental data using various methods [14].

The use of models in which the heat source is presented as uniformly distributed along the length will not give accurate
results for calculating the temperature fields of bimetallized sleeves, since it does not correspond to the real process.

To build a heating model for a bimetallized sleeve, it is proposed to estimate the distribution of the heat flow of an
axisymmetric electric arc along the inner surface of the sleeve (billet) [10]. This is easier than modeling thermal processes
for nonlinear asymmetric circuits [15].

We represent the problem as a linear one. To simplify the model, let us assume that the length of the billet is large
enough to neglect heat losses at the ends. We replace the action of the arc with a point source of constant intensity (Fig. 1).
The thermal power of the arc reaches the inner surface of the steel sleeve through the layer of charge practically without

losses [1].
For such a scheme, the effective heat flux density on the inner surface of the steel sleeve at diameter R; is eqAual to:
0.9P, coso
= . , W/m?, 1
1 4 12 M

where P,— electric arc power, W; /, — distance from the center of the arc to the center of the selected element on the
inner surface of the steel sleeve, m; ¢ — angle between the direction of the flow radius vector and the normal to the

element of the steel billet irradiated through the charge layer, deg.
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At ¢ =0, [, = Ry, the heat flux density is maximum:

0.9P
90 . } W/m2 5
4nR;
here, Ry — radius of the inner surface of the steel sleeve, m.
Considering that
L=
cos @
expression (1) can be represented as:
0.9P, -cos ¢ N
=——=———=y¢q,-cos” Q. 2
1 4nR} 10 ? @)

We introduce ratio g/qo = 0.05 into equality (2) and obtain ¢ = 68°23°, which corresponds to p = r,/R = 2.52, where
r» — radius of the hot spot, i.e., at a distance close to 2.5-3.0 radii of the billet, the influence of the source is reduced to
a minimum.

The distribution of the heat flux density of a point source can be described by the exponential dependence:

—k-r?

qg=qo-e"", 3)
where k — heat concentration coefficient, 1/m?.

Heat concentration coefficient k is required for calculating the parameters of an electric arc taking into account the
distribution of effective thermal power in the hot spot. Determining the value of the heat concentration coefficient is
needed for calculating the temperature of the material in the arc hot spot, since the pattern of the heat distribution has a
significant effect on the temperature field in the area of the hot spot.

When the arc axis is directed perpendicular to the heating surface, the hot spot is obtained in the form of a circle with
a specific flux normally distributed over the area. In this case, the source is called a normally-circular one.

In welding calculation schemes with vertical electrode placement relative to the heating surface, the values of heat
concentration coefficients are in the range from 1.5 to 6.0. These schemes, which take into account the distribution of
heat sources, are very complex and are rarely used in practice.

For specific cases, the values of parameters q,, ¢, and &, characterizing the heat flows of an electric arc, are most often
determined experimentally.

To determine the preferability of using equalities (2) and (3) to calculate the specific heat flow (using these
expressions), it is necessary to obtain an expression by which the heat concentration coefficient k£ can be calculated. For
this purpose, the system of equations (2) and (3) should be solved.

Taking into account that

R
we determine the value of the heat concentration coefficient:

1

2.52 3 Rl
k:—-J. —— |- In| —|-dr.
2.52 Jo r,,z /R12 + rn2

cos Q=

Since cos ¢ can be represented as
1

Ji+p?

cos P =

then the heat concentration coefficient will be equal to:

1 252In (14 p?
k= Z.J' ( i ) )
5.04R{ Jo p
We use a variable substitution in the form
g=In (1 +p? ),
and integrate equation (4) by parts:
; (1 2) 2.52 . (1 2) 252
3 nil+p 1 2 3 n{l+p
k= ~| - +|=. p2dp = 2arctgp ———
5.04R; p p 1+p 5.04R;
0 0
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Atr =0, expression In(1 + p?) / p is not defined, therefore we use the limit transition:

n(1+0)? In(1+p?)- In(1+p?
2002 f)p:ﬁm ( i )'limp=1~0:0,
p—0 p p—0 P p—0 P p—0

In(1+p)’
where limM
p—0 P

=1.

Since k|, -o =0, then the heat concentration coefficient will be equal to:

In(1+2.52)
0S| 2arctg2.52 - ( ) :0'9;15.
7m=0" 5.04R; 2.52 R;

k=K, .= ®)

=R

Research Results. We use obtained expression (5) to calculate the heat flux density through equation (3), in order to
compare the results of calculations using equations (2) and (3) later on.

We compare values Z; = cos’p and Z, = ¢ © 7 in equalities (2) and (3), setting k = 0.945/R?.

The calculation results are presented in the form of a nomogram (Fig. 2).

1.0
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) 22
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0.3
0.2

0.0

0.00 0.40 0.80 1.20 1.60 2.00 2.52

Fig. 2. Nomogram for comparing values Z, = cos’¢ and Z, = e* ™ in equalities (2) and (3)

The comparison of the calculated values of Z, = cos’¢ and Z, = ¢ * i at p =0+ 2.52 have shown that they differ by no
more than 10%. This provides using the exponential form of the heat source representation for calculating temperature fields
under facing of the inner surface of steel sleeves (billets) with metal alloys heated by an independent axisymmetric arc.

Discussion and Conclusion. To calculate the temperature field of the bimetallized sleeve, a simplified scheme of
uniform distribution of the heat flow g = const over the entire free surface of the deposited layer of the electric arc, which
reciprocate at a speed of v=0.086 m/s (the value of the Peclet number for this case allows such imitation), is adopted.
The disadvantage of this heat source model is that the heat flux density is determined from the condition of uniform heat
distribution, i.e., it is necessary to apply correction factors and conduct a series of experiments to determine them. Thus,
the description of the thermal process will contain a high proportion of experimental data and correction factors.
Therefore, in order to exclude most of these data when modeling the heat source and heat flow distribution of the facing
process (bimetallization) in the method under study, a comparison was made of the results of calculating the effective
heat flow density using two expressions: with a trigonometric function and an exponential function. It is found that the
exponential form of the heat source representation under facing the inner surfaces of steel sleeves (billets) through the
centrifugal method with heating by an independent axisymmetric electric arc can be used to determine the heat
concentration coefficient in the facing process. This coefficient is used to determine the density of the heat flow of an
electric arc, the temperature at the heating point, and to describe the temperature field of a bimetallized sleeve in analytical
form, which increases the accuracy of calculating its temperature field and the ability to control the temperature of a given

production process.
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