INDUSTRIAL

DOI: http://dx.doi.org/10.15407/tpwj2018.07.06
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It is shown that in surfacing rolls of billet continuous casting machines (BCCM) the dimensions of the penetration zone
are affected by chemical composition and thermophysical properties of the material of the roll or deposited sublayer.
The calculated values of the cross-sectional area, penetration depth and volume of molten metal are presented. They
were obtained by numerical modeling on the basis of solving the nonlinear three-dimensional differential equation of
thermal conductivity, taking into account the approximated temperature dependence of thermal conductivity coeffi-
cient. It was established by calculation and confirmed by experiment that the dimensions of penetration zone increase
at submerged-arc surfacing with strip electrode of a sublayer of martensitic-ferritic high-chromium steel and to a higher
extent at surfacing of a sublayer of chromium-nickel steel as compared to surfacing of the roll material or of a sublayer
of low-carbon low-alloyed steel. 10 Ref., 3 Tables, 3 Figures.
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In manufacture and reconditioning of the rolls of bil-
let continuous casting machines (BCCM) the longitu-
dinal bending of the roll can be reduced, and the prob-
ability of defect initiation can be lowered by reducing
the volume of deposited metal by limiting the number
of deposited layers [1, 2]. In the case of application of
surfacing with two layers, namely sublayer (interme-
diate layer) and outer layer [3], the required content
of alloying elements in the outer layer depends both
on electrode composition, and on the degree of out-
er layer dilution by the sublayer, and when surfac-
ing through the sublayer it depends on roll material.
Even small changes of the degree of dilution can
lead to noticeable deviations in the content of al-
loying elements in the outer layer. Such deviations
from the composition of Kh13 type (in particular,
08Kh13N3M1AFB, widely applied for surfacing the
outer layer of BCCM rolls) lead to lowering of the
resistance to corrosion-mechanical wear, thermal cy-
cles, and thermal fatigue fracture [4, 5]. Here, the pos-
sibility of producing the composition of Kh13 type in
the outer layer depends not only on substantiation of
selection of materials and surfacing mode parameters,
but also on the dimensions of the penetration zone,
that leads to increase of the requirements to the accu-
racy of prediction of its dimensions.

Initial data for calculation of penetration zone
dimensions. Selection of initial data for calculation
was performed, proceeding from preliminary analysis
of the composition and thermophysical properties of
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both the base material of BCCM rolls, and composi-
tion of metal for deposition of the sublayer and outer
layer. From materials used for roll manufacture, we
should single out heat-resistant steel 25Kh1M1F of
pearlitic class, steel 25Cri1MolV of close composi-
tion, as well as steel 42CrMo4 with higher content
of carbon and lower content of chromium and mo-
lybdenum [3-5]. Application of low-carbon low-al-
loyed steels 06KhN2G1M, 10KhiM1G1N, 10GS,
12Kh1MF ensures producing a ductile sublayer [2].
At two-layer surfacing the sublayer composition with
a higher (than that in the outer layer) content of chro-
mium, for instance, of Kh17 type, as well as other al-
loying elements, primarily, nickel and molybdenum,
can be chosen [3]. Steels 08Kh17N12M2, 0Kh18N10,
0Kh19N11M3 can be regarded as sublayer composi-
tions with such a content of chromium, which, at the
same time, provide an austenitic structure with a high
ductility. Unlike the above-mentioned materials, used
for manufacturing BCCM rolls and sublayer deposi-
tion, the thermophysical properties of which are sim-
ilar, the properties of austenitic steels, also used for
the sublayer, differ considerably. Proceeding from
that, calculation of penetration zone dimensions and
subsequent analysis were performed for heat-resistant
pearlitic steel 25Kh1M1F, martensitic steel 42CrMo4,
chromium-nickel austenitic steel 08Kh17N12M2, as
well as for high-chromium martensitic-ferritic steel
20Kh13 applied in the sleeves of composite rolls.
Chemical composition (Table 1) and structure of the
considered steels determine the presented in Table 2
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Table 1. Chemical composition of steels used in calculations, wt.%

Steel grade C Mn Si Cr Ni Mo \Y
25Kh1M1F 0.25 0.6 0.3 1.65 0.25 0.75 0.25
42CrMo4 0.42 0.7 0.4 1.10 0.19 0.20 —
20Kh13 0.20 1.5 1.0 13.0 - - —
08Kh17N12M2 0.08 2.0 1.0 17.0 12.0 2.5 (0.4 Ti)

Table 2. Physical properties of steels used in calculations (at 20-100 °C) [6, 7]

Steel grade Coefficient of thermal Specific heat, Coefficient of thermal Melting temperature
conductivity A, W/(m'K) °C, J/(kg-°C) diffusivity, a-10¢, m%s T.°C
25Kh1M1F 52 486 12.2 1522
42CrMo4 38 506 7.6 1520
20Kh13 23 452 5.0 1510
08Kh17N12M2 16 468 5.0 1400

thermophysical properties: thermal conductivity co-
efficient A, specific heat C, coefficient of thermal
diffusivity a, melting temperature T _. Calculations
with application of these data, as well as experimen-
tal verification, were conducted for the process of
surfacing with strip electrode Sv-12Kh13 of 40 mm
thick plates, using AN-26P flux. Mode of RPDC sur-
facing for 45x0.7 mm strip was as follows: current of
650 A, voltage of 32V, deposition rate of 12 m/h; for
60x0.5 mm strip — current of 700 A, voltage of 32V,
deposition rate of 10 m/h; strip electrode extension
of 40 mm. Surfacing was performed using AD-231
machine and VDU-1202 power source.

Results of calculation of penetration zone di-
mensions. Dimensions of the heating zone, limited
by the position of T =T _ isotherm, were calculated by
applying a mathematical model [8, 9], which is based
on numerical solution by finite element method of
non-linear three-dimensional differential equation of
thermal conductivity, which allows for the influence
of temperature on thermophysical properties of the
base metal. Used for this purpose were equations of
continuous functions, characterizing the temperature
dependence of the coefficient of thermal conductivity
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Figure 1. Calculated values of penetration zone dimensions
(cross-sectional area Fp, depth hp, length Lp, molten metal volume
Vp) (45x0.7 mm strip): 1 — deposition on steel 25Kh1M1F; 2 —
on sublayer from steel 08Kh17N12M2
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for the considered steels, derived by processing the
experimental and calculated data of works [6, 7].

Temperature dependence of the coefficient
of thermal conductivity

25KNIMIF .o y = —0.0161xx + 43.429
G2CIMOA ..\ = - 0.0127x + 39.424
20KN13 . .ottt y = 29.113¢-00002«
08KNI7NI2M2 .. © ' y =0.0073x + 13.887

Calculation results allow assessment of the current
values of heating temperature, as well as quantitative
characteristics of the thermal field in the zone of base
metal melting.

It follows from calculation results (Figure 1) that at
unchanged conditions of the process of surfacing with
45x0.7 mm strip electrode, the cross-sectional area,
penetration depth and molten metal volume are much
smaller for material of the roll from steel 25Kh1M1F,
than for a sublayer from steel 08Kh17N12M2. This is
confirmed by sections of three-dimensional model of
the thermal field of the item in the plane normal to the
processed surface, obtained at modeling (Figure 2).
Here, it should be noted that as the thermophysical
properties of low-carbon low-alloyed steels for sub-
layer deposition are little different from those of steel
25Kh1ML1F, the dimensions of the penetration zone
of roll material and such a sublayer also differ only
slightly.
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Figure 2. Boundary of T_ isotherm in the plane normal to the
processed surface (45x0.7 mm strip): a — deposition on steel
25Kh1M1F; b — on sublayer from steel 08Kh17N12M2
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Table 3. Comparison of calculated and experimental data

Roll material steel 25Kh1M1F

Sublayer material steel 08Kh17N12M2

Penetration parameters
Calculation Experiment Calculation Experiment
Areg, F_, cm? 68-72 67-73 89-92 88-93
Depth, h , mm 1.50-1.55 1.54-1.58 1.90-1.95 1.92-1.98

Transverse macrosection of the deposited bead

1.50

1.25

1.0

Change of penetration dimensions

0.75

Figure 3. Ratio of calculated dimensions of the penetration zone
at deposition (60x0.5 mm strip): 1 — on sublayer from steel
42CrMo4; 2 — on steel 20Kh13; 3 — on sublayer from steel
08Kh17N12M2

Influence of substrate metal composition and
properties on the ratio of calculated dimensions of
the penetration zone is of considerable interest. At
surfacing with 60x0.5 mm strip electrode the dimen-
sions of penetration zone on steel 20Kh13 are 1.25
times, and those on steel 08Kh17N12M2 are more
than 1.35 times greater than these values for steel
42CrMod4 respectively (Figure 3). Molten metal vol-
ume differs to an even greater extent. Comparison of
calculated and experimental data on the influence of
the composition and properties of steels 25Kh1M1F
and 08Kh17N12M2 on penetration area and depth at
surfacing with 45x0.7 mm strip electrode (Table 3),
confirms the adequacy of the calculation procedure.
More precise determination of the geometry of pen-
etration zone by application of the proposed calcu-
lation procedure allows substantiation of the change
of surfacing mode parameters at development of the
technology of reconditioning BCCM rolls. This led to
the differentiated approach to selection of the mode,
at which the values of heat input in deposition of the
surface layer and the sublayer are different, and are
determined by their composition and properties [10].
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Conclusions

1. At manufacture and reconditioning of BCCM rolls
by surface layer deposition with strip electrode, the
penetration zone dimensions depend on chemical
composition and thermophysical properties of base
metal (roll material), and at deposition on the sublayer
they depend on sublayer composition and properties.

2. At deposition on a sublayer from martensi-
tic-ferritic high-chromium steel, and, to a greater
extent, on a sublayer from austenitic chrome-nickel
steel, the calculated values of cross-sectional area,
penetration depth and molten metal volume become
higher, compared to deposition on the roll material
(pearlitic steel) and on a sublayer from low-carbon
low-alloyed steel.
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