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Abstract—The article describes the main loads affecting shaped backups of the combined process unit of con-
tinuous casting and deformation during billet production. The importance of determining the temperature
fields and thermoelastic stresses in shaped backups with collars is provided during the formation of several
billets, at slab compression, as well as during idling water cooling of backups. The authors describe strength
and thermophysical properties of steel from which the backups are made. Geometry of backups with collars
used for obtaining billets of three different shapes in one pass is shown. Initial data of the temperature field
calculation are given for backups with collars of the combined unit. Temperature boundary conditions are
considered for the temperature field calculation of backups with collars. Boundary conditions determining
temperature of such backups are described and the values of the heat flow and effective heat transfer coeffi-
cient are given. The calculation results of temperature fields are performed in four sections and are given for
typical lines and points located on the contact surface of backups with collars and in contact layer at 5-mm
depth from the working surface. The sizes of the finite element grid, which is used for the temperature field
calculation of backups with collars, are provided. The temperature field of backups with collars is determined
based on the solution regarding the unsteady thermal conductivity equation corresponding to initial and
boundary conditions. When obtaining billets of three shapes in one pass at the unit of combined continuous
casting and deformation, values and regularities of temperature distribution in the bases and tops of the mid-
dle and extreme edges of the shaped backups are presented during slab compression and at idle.
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INTRODUCTION

The unit of the combined process of continuous
casting and deformation can be effectively used to
obtain three or more billets in one pass [1, 2]. The
most loaded elements of the combined process unit
when obtaining billets are backups with separating col-
lars, which simultaneously form several billets and pull
the steel slab out of the mold during the working oper-
ation. In this case, in the shaped backups, total stresses
arise from the compression force and temperature
load, which reduce their resistance.

For a reasonable choice of design parameters and
material of shaped backups, it is necessary to deter-
mine their stress state when receiving several billets on
a continuous casting and deformation unit. Thus, it is
important to determine the temperature field and
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thermoelastic stresses in the backups with collars
during the billet formation and at idling.

STATEMENT OF THE PROBLEM,
INITIAL DATA
AND BOUNDARY CONDITIONS

The calculation of the temperature and thermoelas-
tic stresses in the backups with collars was carried out
when three billets with dimensions of 70.7 x 70.7 mm
were obtained from grade St3 steel on a unit using a
combined process of continuous casting and defor-
mation.

The backup material is tool die steel of the grade
4X4VMFS. The geometry of the backup with collars
and the accepted dimensions is shown in Fig. 1.
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Fig. 1. Geometry of the backup with dimensions.

Fig. 2. Position of lines along the backup height in cavity,
on the collar and in the radius zone.

Line P4

Line P4 5 mm

Line T4V  Line T4B Section 4

Fig. 3. Position of lines in section 4.

By virtue of symmetry, for calculating the stress
state of the backup, its half is taken (Fig. 2) in the XYZ
coordinate system.

The results of calculating temperatures are given for
two lines of four sections (/—4). The position of the
feature lines and points for each section is shown in
Fig. 3 (designations 0—6—points on the working sur-
face of the backup; 0 5,1 5,2 5,3 5,4 5, 5 5and
6_5—points at a 5-mm depth from the working surface
of the backup).

In addition, the calculation results are additionally
shown along three more lines throughout the height of
the backup, the position of which is shown in Fig. 2.

The angular speed of the eccentric shafts is
assumed to be 40 rpm. At this speed of the eccentric
shaft, the contact time of the backup during the work-
ing operation is 0.375 s, and the cooling time is 1.125 s.

The temperature of the slab before the backups was
1200°C, and after the backups—1000°C.

The temperature field calculation of the backup is
performed for the following variant:

—the impact of a heat flow with a density of
4 MW/m? on the working surface of the backup during
the working operation for 0.375 s; during the cooling,
the effective heat transfer coefficient is 2000 W/(m? K);

—the top and bottom of the backup, as well as the
lateral surfaces of the backup, are cooled with water
with a heat transfer coefficient of 500 W/(m? K);

—from the side of the saddle, there is air cooling

with a heat transfer coefficient of 20 W/(m? K) and an
ambient temperature of 60°C [2—8].

CALCULATION METHOD

When calculating the temperature field of the
backup, an eight-node thermal solid-state finite ele-
ment SOLID 70 was used, and for calculating the
stress state—an eight-node structural solid-state finite
element SOLID 185. The size of the finite element
grid was assumed to be variable—0.25—2.50 mm. The
minimum size was taken on the working surface of the
near-contact layer to a 5S-mm depth of the deforma-
tion zone. As a result, the number of elements and
nodes is 2887542 and 2827400 in the simulation.

The temperature field of the backups with collars is
determined based on the solution of the nonstationary
heat conduction equation with the corresponding ini-
tial and boundary conditions [9—20].

CALCULATION RESULTS

The results of calculating the temperatures of the
collar on the working surface of the backup, at a 5S-mm
depth from the working surface and from the side of
the saddle in four sections are given in Tables 1, 2.

The collar at point 2 at the end of the slab compres-
sion is heated to a temperature of 539—543°C, and at
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Table 1. Temperature values at the points of collar along the T1B—T4B lines

Point position and moment Temperature value, °C, in points along the lines

of contact or cooling T1B T2B T3B T4B
W. s. contact (point 2, Fig. 3) 539 543 539 542
W. s. cooling (point 2, Fig. 3) 359 364 359 351
At a depth of 5 mm contact (point 2_5, Fig. 3) 403 410 406 400
At a depth of 5 mm cooling (point 2_J5, Fig. 3) 411 416 413 408
Saddle-contact 3 401 3 3
Saddle-cooling 95 8 55

W. s. Contact and W. s. cooling—temperatures on the working surface at the end of contact and at the end of cooling along the lines
T1B—T4B; saddle-contact and saddle-cooling—temperature on the back surface at the end of contact and at the end of cooling along

the TIB—T4B lines.

Table 2. Temperature values at the end of contact/cooling at points of sections /—4

Temperature, °C, at the points of sections
Point
1 2 3 4
0 527/362 531/367 519/354 499/345
1 520/368 525/371 512/358 502/344
2 539/359 543/364 539/359 542/351
3 519/367 521/368 502/348 489/331
4 518/353 519/354 503/338 483/329
5 463/309 484/330 487/332 483/325
6 456/276 457/277 455/275 463/272

idling, when the shaped backup is cooled with water,
its temperature drops to 351—364°C (Table 1). At a
5-mm depth from the contact surface, the temperature
of the collar at the end of compression and idling differ
insignificantly (400—406 and 408—416°C).

From the above results, it follows that the tempera-
ture field of the backup during slab compression and
idling changes at a 3-mm depth for the depressions
between the middle collars and 3.5 mm for the tops of
the middle collars.

The contact surface of the backup heats up from
the effect of the heat flow during the compression of
the workpiece (the results are presented only for the
part of the backup between sections /—4):

—at the base of the middle collar up to a tempera-
ture of 489—525°C (points 7 and 3, Table 2);

—at the top of the middle collar up to a temperature
0of 539—543°C (point 2, Tables 1, 2);

—at the base of the extreme collar up to a tempera-
ture of 463—487°C (point 5, Table 2);

—at the top of the extreme collar up to a tempera-
ture of 455—463°C (point 6, Table 2).
STEEL IN TRANSLATION  Vol. 50

No.12 2020

Then at idling while cooling the backup with water,
the contact surface temperature of the backup
decreases:

—at the base of the middle collar up to a tempera-
ture of 331—371°C (points 7 and 3, Table 2);

—at the top of the middle collar up to a temperature
of 351-364°C (point 2, Tables 1, 2);

—at the base of the extreme collar up to a tempera-
ture of 309—332°C (point 5, Table 2);

—at the top of the extreme collar up to a tempera-
ture of 272—277° C (point 6, Table 2).

From this, it can be seen that the top of the extreme
collar has a lower temperature compared to the tem-
perature of the middle collar. The difference is no
more than 92°C.

Figure 4 shows the temperature distribution graphs
in the separating shoulder along the T4B line during
slab compression and at idling.

From Fig. 4, which characterizes the temperature
distribution over the thickness of the collar and along
the length of the deformation zone, it follows that the
temperature of the collar at the end of the slab com-
pression is 542°C, and at the end of the idling at a
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Fig. 4. Nature of temperatures along the T4B line due to
the heat flow (/) and water cooling (2) impact on the
backup (5 mm deep from the contact surface).
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Fig. 5. Nature of temperatures along the P4 line from heat
flow (HF) and water cooling (WC) impact on the backup
(vertical lines /—5 correspond to the position of the points

of section 4 in Fig. 3): ----—1; —==—2; ————3;
—-——4; == —5; — —HF;, — —WC.

depth of 3 mm from the contact surface, it decreases to
400°C.

Figure 5 shows the results of calculating the tem-
perature on the contact surface of the shaped backup
along the P4 line.

The P4 line is the sweep lines. The beginning of
each line P1—P4 is at point 0, and the end of the line
is at point 6 (Fig. 3). Vertical lines /—5 on the graphs
correspond to the position of the characteristic points
on the contact surface of the shaped backup. These
graphs clearly show the temperature distribution over
the width and length of the deformation zone due to
the impact on the backup of the heat flow and water
cooling during the formation of three billets from the
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slab on the unit of the combined process of continuous
casting and deformation.

CONCLUSIONS

The problem of determining the temperature fields
in the shaped backups of the combined process of con-
tinuous casting and deformation during the produc-
tion of three steel billets has been presented and
solved. The values have been determined and the reg-
ularities of the temperature distribution in backups
with collars along the width and length of the defor-
mation zone from the impact on the shaped backup of
the heat flow during slab compression and idling
during the formation of three steel billets from the slab
have been established.

REFERENCES

1. Lekhov, O.S. and Mikhalev, A.V., Ustanovka sovmesh-
chennogo protsessa nepreryvnogo lit’ya i deformatsii dlya
proizvodstva listov iz stali dlya svarnykh trub. Teoriya i ra-
schet (Unit of Combined Continuous Casting and De-
formation for Production of Steel Sheets for Welded
Pipes: Theory and Calculation), Yekaterinburg: Ural.
Metod. Tsentr UPI, 2017.

2. Lekhov, O.S., Mikhalev, A.V., and Shevelev, M.M.,
Napryazheniya v sisteme boiki-polosa pri poluchenii listov
iz stali na ustanovke nepreryvnogo lit'ya i deformatsii
(Stresses in the Backup-Strip System when Making
Steel Sheets at Unit of Continuous Casting and Defor-
mation), Yekaterinburg: Ural. Metod. Tsentr UPI,
2018.

3. Lekhov, O.S. and Bilalov, D.Kh., Technological capa-
bilities of units for combined processes of continuous
casting and deformation for production of metal prod-
ucts, Proizvod. Prokata, 2016, no. 7, pp. 24—26.

4. Khloponin, V.N., Kosyreva, M.V., and Kosyak, A.S.,
Influence of cooling system on thermal conditions of
roller surface work, Tr. Mosk. Inst. Stali Splavov, 1977,
no. 100, pp. 90—93.

5. Boley, B.A. and Weiner, J.H., Theory of Thermal
Stresses, New York: Wiley, 1960.

6. Lekhov, O.S., Study of stress-strain state of rolls-band
system at rolling of broad-flanged beam in stands of uni-
versal beam mill: Report 2, Izv. Vyssh. Uchebn. Zaved.,
Chern. Metall., 2014, vol. 57, no. 12, pp. 15—19.

7. Kushner, V.S., Vereshchaka, A.S., Skhirtladze, A.G.,
and Negrov, D.A., Tekhnologicheskie protsessy v mashi-
nostroenii. Chast’ 2. Obrabotka metallov davleniem i sva-
rochnoe proizvodstvo (Technological Processes in Me-
chanical Engineering, Part 2: Metal Forming and
Welding), Omsk: Omsk. Gos. Tekh. Univ., 2005.

8. Bulanov, L.V., Karlinskii, S.E., and Volegova, V.E.,
Durability of CCM rolls at external and internal cool-
ing, in Nadezhnost’ krupnykh mashin (Reliability of
Large Machines), Sverdlovsk: NIItyazhmash, 1990,
pp. 126—132.

9. Lykov, A.V., Teoriya teploprovodnosti (Theory of Heat
Conduction), Moscow: Vysshaya Shkola, 1967.

STEEL IN TRANSLATION  Vol. 50 No. 12 2020



10.

11.

12.

13.

14.

15.

CALCULATION OF TEMPERATURE AND THERMOELASTIC STRESSES

ANSYS Mechanical APDL Structural Analysis Guide,
Release 15.0, Canonsburg, PA: ANSYS, 2013.

Matsumia, T. and Nakamura, Y., Mathematical model
of slab bulging during continuous casting, Proc.
3rd Process Technology Conf. “Applied Mathematical,
and Physical Models in Iron and Steel Industry,” Pitts-
burgh, Pa, March 25—31, 1982, New York, 1982,
pp. 264—-270.

Takashima, Y. and Yanagimoto, I., Finite element
analysis of flange spread behavior in H-beam universal
rolling, Wiley Steel Res. Int., 2011, vol. 82, no. 10,
pp. 1240—1247.

Kobayashi, S., Oh, S.-1., and Altan, T., Metal Forming
and Finite- Element Method, New York: Oxford Univ.
Press, 1989.

Karrech, A. and Seibi, A., Analytical model of the expan-
sion in tubes under tension, J. Mater. Process. Technol.,
2010, vol. 210, no. 2, pp. 336—362.

Kazakov, A.L. and Spevak, L.F., Numeral and analyti-
cal studies of nonlinear parabolic equation with bound-
ary conditions of a special form, Appl. Math. Modell.,
2013, vol. 37, no. 10—13, pp. 6918—6928.

STEEL IN TRANSLATION  Vol. 50 No. 12 2020

16.

17.

18.

19.

20.

881

Jansson, N., Optimized sparse matrix assembly in finite
element solvers with one-sided communication, in
High Performance Computing for Computational Sci-
ence—VECPAR 2012, Berlin: Springer-Verlag, 2013,
pp. 128—139.

Park, C.Y. and Yang, D.Y., A study of void crushing in
large forgings: 11. Estimation of bonding efficiency by
finite-element analysis, J. Mater. Process. Technol.,
2004, vols. 157—158, pp. 496—501.

Sorimachi, K. and Emi, T., Elastoplastic stress analysis
of bulging as a major cause of internal cracks in contin-
uously cast slabs, Tetsu-to-Hagane, 1977, vol. 63, no. 8,
pp. 1297—1304.

Marciniak, Z., Duncan, J.L., and Hu, S.J., Mechanics
of Sheet Metal Forming, Oxford: Butterworth-Heine-
mann, 2002.

Fujii, H., Ohashi, T., and Hiromoto, T., On the forma-
tion of the internal cracks in continuously cast slabs,
Trans. Iron Steel Inst. Jpn., 1978, vol. 18, no. 8, pp. 510—
518.

Translated by S. Avodkova



	INTRODUCTION
	STATEMENT OF THE PROBLEM, INITIAL DATA AND BOUNDARY CONDITIONS
	CALCULATION METHOD
	CALCULATION RESULTS
	CONCLUSIONS
	REFERENCES

		2021-04-08T19:06:25+0300
	Preflight Ticket Signature




