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Abstract. The paper presents the results of theoretical research of stress-strain state of a billet — mandrel system when producing steel hollow billets
in a unit of combined continuous casting and deformation, in which the working surface of the calibrated anvils are made with a variable radius.
The necessity of making the working surface of the calibrated anvils with a variable radius is substantiated and initial data for the calculations
is given. The calculation results are considered along the lines of the volumetric model passing through the characteristic points of deformation
centers. The authors determined the forces when the anvils compress the wall of a hollow billet and the force of pulling the hollow billet from
the mold. The laws of metal axial displacements and stresses in the deformation centers during compressing the wall of a hollow billet was established
at the combined process of continuous casting and deformation in the unit. Nature of the stressed state of the metal wall of a hollow billet is considered
from the perspective of improving its quality. The technique studied allows to determine the stress-strain state of a mandrel when producing a hollow
steel billet using such a unit. The authors provided the recommendations for reliable gripping and compression with calibrated anvils of a hollow steel
billet coming from a water-cooled copper mold of the unit of combined continuous casting and deformation.
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AHHoOmayus. B crartbe NpeACTaBICHBI PE3yJIbTaThl TEOPETHUESCKOTO HCCICIOBAHHS HAIPSIKCHHO-Ie()OPMUPOBAHHOTO COCTOSIHHS CHCTEMBI 3aro-
TOBKA — OIPABKa MPH MPOU3BOJCTBE CTAIBHBIX MOJIBIX 3ar0TOBOK HA YCTAHOBKE COBMEIIEHHOT'O HEMPEPBIBHOTO JUThS U Je(opManiiu, B KOTOPOi
paboure MOBEPXHOCTH KalIMOPOBAHHBIX OOMKOB BBINOJHEHBI C MEPEMEHHBIM paanycoM. OOOCHOBaHA HEOOXOAMMOCTH BBIIOIHEHHS pabodeit
MOBEPXHOCTH KAIMOPOBaHHBIX OOMKOB € MIEPEMEHHBIM PAJANYCOM U NPUBEIACHBI HCXOAHBIC JaHHbIE JUI pacyeToB. Pe3ynbrarsl paccMaTpuBaloTCs
T10 JINHUSAM 00BEMHOM MOJISITH, TIPOXOSIINM Yepe3 XapaKTepHbIE TOYKU 04aroB e(GopMarni. ABTOPBI ONPEACIUIN YCUITHS IPH 0OKaTHH OOHKaMK
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CTEHKH TOJIOI 3arOTOBKU U CUJTY BBITATMBaHUSA 1OJI0# 3arOTOBKHU M3 KpucTain3aTopa yCTaHOBKH. HccnenoBanbl 3aKOHOMEPHOCTHU OCEBLIX IEPE-
MeHIeHI/Iﬁ METallia u HaHpSI)KeHI/Iﬁ B ouarax L[e(bOpMaHI/II/I IIpU CXKXaTHH CTCHKH TIOJIOW 3arOTOBKH IIpu COBMCILICHHOM ITpOLECCE HECIPEPHLIBHOTO
JIUThSA U HE(i)OpMHpoBaHI/IH. XapaKTep HaIpsKEHHOI'O COCTOSTHUS METaJUIMYECKON CTEHKH IOJION 3aroTOBKH paccMaTpuBacTCsa C TOUKH 3pCHUS
TIOBBIIICHHUS €€ Ka4E€CTBA. I/ISY‘IGHHaﬂ MCETOMKA ITO3BOJIACT OIPEACINTD Hal'[p?[)KCHHO—L[e(i)OpMI/IpOBaHHOC COCTOSIHUC OITPpaBKU ITPHU U3TOTOBJICHUMN
MOJION CTaJIbHOM 3aroTOBKM C HUCIOJIb30BAHUEM YCTaHOBKH HEIPEPLIBHOI'O JIMTHS U J:LeQ)opMaum/I. ABTOpaMI/I TNIpEeACTaBJICHbI PEKOMEHAAUN 1JIs
OCYHICCTBJICHUS HAZIC)KHOTO 3aXBaTa U oOxKaTus KaJ’II/I6p0BaHHHMI/I OOlKaMH TOJI0i CTaIbHOMN 3aroToBKH, HOCTyHaIOIlIeﬁ n3 BOOOOXJIaXXIa€MOTro
MEIHOI'0 KpUCTAJIJIM3aTOpa YCTAHOBKH COBMEIIIEHHOI'O IPpOLECCa HENMPEPBIBHOI'O JINThS U neq)opmaupm.

Kntoueswle c/108a: ycTaHOBKA, HEPEPHIBHOE JUTHE, OOCK, Ae(opMaLiis, Moast 3aroToBKa, HAIPSDKCHIE, KOHCYHBIN IIeMEHT
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[ INTRODUCTION

The study [1] presents the results of calculating
the stress-strain state of the metal in the deformation cen-
ters during the production of steel hollow billets in a unit
of continuous casting and deformation, where the work-
ing surfaces of the anvils are made with a constant radius.
This paper presents the results of calculating the ben-
ding zone and the deformation center of the tube during
the compression of the billet by 5 mm with simultaneous
lowering of the anvil by 5 mm, where the anvil’s working
surface is made with a variable radius. This configuration
allows for reliable gripping and compression of the hol-
low billet by the anvils as it exits the unit’s mold.

[ CALCULATION RESULTS

The simulation involved compressing billet by 5 mm
(anvil movement of —5 mm along the X-axis) with simul-
taneously lowering the anvil by 5 mm (anvil movement
of =5 mm along the Z-axis).

The results are presented through points along lines in
the Y= 0 plane (Fig. 1).

The nature of the displacements and stresses is illus-
trated in Figs. 1 and 2.

In the Cartesian coordinate system, the displacement
and stress lines align with those in the cylindrical coordi-
nate system [2 — 4].

During compression of the hollow billet wall by
the anvils, the force along the X-axis is 694 kN, and along
the Y-axis, it is 384 kN. The pulling force of the billet
from the crystallizer along the Z-axis is 41 kN.

In addition to the graphs (Fig. 2), Table 1 provides spe-
cific values of displacements and stresses at points / — 15.
Since the maximum and minimum values of the para-
meters are not always located at these points, the maxi-
mum and minimum displacements and stresses along
these three lines are also provided.

From the data, it is evident that along the length
of the deformation center (line 2— 3 —4), at point 3,
the billet wall is compressed by 5 mm with simultaneous
movement of the billet by 5 mm in the casting direction
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(Table 1, Fig. 2, a). Notably, when the hollow billet wall
is compressed by the calibrated anvils, the metal displace-
ment along the X-axis decreases to 3 mm (point §), while
along the Z-axis, it increases to 6.6 mm (Fig. 2, b, point 9).

When compressing the hollow billet with anvils de-
signed with a variable radius working surface, the nature
of the metal’s stressed state in the deformation cen-
ter changes [5 —7]. In this case, the highest compres-
sive stresses arise in the billet wall along the X-axis
and line 3 — 8 — 13, with values of —152.0, —187.5, and
—190.0 MPa, respectively (Table 1, Figs.2,c,d, 3).
The maximum compressive stress (—190 MPa) occurs
at the contact surface between the hollow billet wall and
the mandrel (Table 1, point 73).

iI_, 5
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Fig. 1. Location of points for representing the calculation results

Puc. 1. TTonoxeHne TOUEK JUISL TIPEICTAaBICHUS PE3YyIbTaTOB pacuycTa
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Fig. 2. Patterns of displacements (@) and stresses (b, ¢, d)
along the lines passing through points / —2 -3 —4—5 (a, b),
6-7-8-9-10(c)and 11 —12-13—-14—-15(d)
(billet compression with the anvil by 5 mm while simultaneous
lowering by 5 mm, working surface of the anvil
is made with a variable radius)

Puc. 2. Xapaxrep nepemenieHuit (a) u Hanpsokenuit (b, ¢, d)
T10 JINHUSIM, IPOBEJICHHBIM Yepe3 TOUKU
1-2-3-4-5(a,b),6-7-8-9-10(c)
ull—12-13- 14— 15 (d) (obxarue 3aroTOBKH OOHKOM Ha 5 MM
C OZIHOBPEMEHHBIM OITyCKAaHHEM IIOCIICIHEro Ha 5 MM, pabodas
MOBEPXHOCTh OOIKa BBIMOJIHEHA [0 TIEPEMEHHOMY PaJnyCy)

- CALCULATION OF THE STRESS-STRAIN STATE
OF THE MANDREL

The stress-strain state of a mandrel with a diameter
of 60 mm and a channel diameter of 10 mm was calcu-
lated. This was done by solving an elastoplastic problem
using the finite element method within the ANSY'S soft-
ware package [8 — 10].

Table 1. Results of calculation of displacements
and stresses at the points 7 — 5,6 — 10 and 11 - 15
(billet compression with the anvil by S mm
with simultaneous lowering of it by 5 mm;
working surface of the anvil is made with a variable radius)

Tabauya 1. Pe3ynbTaThl pacuera nepeMenieHuii

M HANpsIKeHUi B Toukax [ —5,6—-10un 11 - 15
(o0:xaTHe 3arOTOBKH 00IKOM Ha 5 MM ¢ 0IHOBpPEMEHHBIM
OIyCKAaHHEM Ioc/IeHero Ha 5 MM; padoyasi NOBEPXHOCTH

0oiika BBHINOJIHEHA M0 ePeMEeHHOMY Paanycy)

. Ibiplres- Stress, MPa
Point ment, mm
ux|vz| sx | sy | sz |sxz
Results along the line passing through points / — 5
1 -391 02 0 -22.7 | 05 0
2 —441-23| -91.0 | 434 87 | -77
3 —5.0 | 5.0 | -152.0 | -106.7 | -105.7 | 5.2
4 -041-62| 0.2 244 | 294 | 15
5 -0.1]-63| 2.1 | =52 0.9 1.2
Min ?lf“;g el g 1 02| 93 | 244 | 339 | 280
Max j‘lfnf el 50|63 -1550 | -127.0 | -112.8 | 243
Results along the line passing through points 6 — 10
6 —4.1] 02 0 7,1 0.5 0
7 23 ]-1.6 | 847 | -394 | 447 | =59
8 -3.0|-52|-186.5|-104.1 | —71.0 | 10.8
9 -03]-6.6| 249 | 54 | =235 | 9.1
10 0 |-63|-176 | =123 | -02 | -1.2
Min along line
610 0 |02 0 15.1 5.2 10.8
Max alongline |y 4 | 67 1884 | -104.1| -73.7 | 145
6-10
Results along the line passing through points 7/ — 15
11 0 |-1.6| -02 6.0 1.6 | 0.6
12 0.1 | 2.5 |-1064 | -52.4 | —43.0 | 313
13 —-0.1 | -3.7 | -190.0 | -131.2 | -117.6 | -39.1
14 0 |—-64| 420 | -11.3 | =155 |-123
15 0 |-63|-309 | -16.1 | -9.1 | =25
Min along line
115 0 |-14| -02 13.8 2.1 | 364
Max]j‘li’r}ihne ~0.1| -6.5 | ~190.0 | ~137.0 | ~137.2 | -48.6
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Fig. 3. Location of points for representing the calculation results
of the mandrel

Puc. 3. IlonoxeHue ToueK s IPEACTABIECHUS PE3y/IbTaToB
pacyeTa ornpaBKu
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Fig. 4. Stress patterns along the lines passing through
the points /16 — 17— 18—-19—20:
a and b — compression by 5 and 11 mm

Puc. 4. Xapakrep HanpspKeHUI 10 JIMHUSAM, TIPOBEAESHHBIM
yepe3 Touku [6 — 17— 18— 19— 20:
aunb—obxarue 5u 11 Mm
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Table 2. Results of calculation at the lines’ points,
maximum and minimum values of the studied parameters
along the line passing through the points 76 — 20
(working surface of the anvil is made with a variable radius)

Tabauya 2. Pe3yabTaThbl pacuyeTa B TOUKAX JIMHMUIA,

a TaK/Ke MaKCMMaJIbHble 1 MUHUMAaJIbHbIe 3HAYeHU s
HccJIelyeMbIX IAPaAMeTPOB N0 JUHUH, IPOXOJsIei
yepe3 Touku 16 — 20
(pabouasi mnoBepXHOCTH 0OIiKa 10 MepeMeHHOMY PaJNyCy)

) iples- Stress, MPa
Point ment, mm
Uux | Uz SX SY SZ SXZ

16 -0.01 [ -0.08 0 0 3.90 0

17 -0.07 | -0.15| —66.90 |-13.20 | -10.00 | 19.60

18 -0.12 | -0.27 | =127.20 | -29.20 | —20.20 | -25.60

19 —0.06 | -0.27 | —56.80 | -30.10 | =37.00 | —22.10

20 0 |-025] 530 | —2.10 | —4.00 | -3.80
Min along

line 0 |-0.08 0 0 8.60 | 19.60
1620
Max along

line —0.12 1 -0.29 | —130.80 | —47.50 | =51.20 | —37.40
16-20

The simulation involved compressing the billet by
5 mm (anvil movement of —5 mm along the X-axis) while
simultaneously lowering the anvil by 5 mm (anvil move-
ment of —5 mm along the Z-axis).

The calculation results are provided along the line
passing through points /6 — 20 (Fig. 3). The stress dis-
tribution is shown in Fig. 4. In addition to the graphs,
Table 2 provides specific values of displacements and
stresses at points /6 — 20. Since the maximum and mini-
mum values of the parameters are not always located at
these points, the maximum and minimum displacements
and stresses along this line are also provided [14 — 16].

The data indicate that at the contact surface between
the mandrel and the billet wall in the deformation center
(along line 17 — 18 — 19), the mandrel experiences maxi-
mum compressive stresses (—130.8 MPa) in the direction
of the X-axis. This should be considered when select-
ing the structural parameters and material for the mand-
rel [17 —20].

[ ConcLusion

The regularities of metal displacement and axial stress
distribution in the deformation centers during the com-
pression of the hollow billet wall by anvils with a variable
radius working surface have been determined. The stressed
state of the mandrel during the production of steel hollow
billets in a unit of combined continuous casting and defor-
mation processes has also been established.
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