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Abstract. The article solves the problem of determining the temperature of calibrated strikers in a unit of combined casting and deformation during
production of hollow steel billets. The authors substantiate the relevance of determining temperature fields and thermoelastic stresses in calibrated
strikers when compressing the wall of a hollow billet and at full speed when cooling the strikers with water, and describe the strength and thermo-
physical properties of the steel from which the strikers are made. Geometry of the striker for producing a hollow billet in one pass is shown. The paper
considers the initial data and temperature boundary conditions for calculating the temperature field of the striker during production of hollow billets
in a unit of combined casting and deformation. The boundary conditions are given to determine the striker temperature as well as the values of heat
flow and effective heat transfer coefficient. The results of calculating the temperature fields are performed in four sections and are presented for
characteristic lines and points located on the striker contact surface and in the contact layer at a depth of 5 mm from the working surface. Dimensions
of the finite element grid were used in calculating the temperature field of the strikers. The temperature field of the strikers with collars was determined
based on solution of the unsteady thermal conductivity equation with the corresponding initial and boundary conditions. The values and patterns
of temperature distribution in a calibrated striker are presented when the wall of a hollow billet is compressed and when a hollow billet is produced in
one pass in a unit of combined casting and deformation.
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AHHOomayus. B crarbe peraercs 3aja4a OnpeeieH s TeMIlepaTypbl KaTMOPOBaHHBIX OOWKOB YCTaHOBKH COBMEIICHHOTO JINThS U Ie(OpMalLIiH [IPH
MOJyYEHHHU CTaJBHBIX HOJIBIX 3arOTOBOK. ABTOPbI 0OOCHOBBIBAIOT aKTYaJIbHOCTH ONPEACICHHUS TEMIIEPaTyPHbIX MOJIeH U TepMOYNPYTUX Hampsi-
JKCHUH B KQJIMOPOBAHHBIX OOMKAX MPU 00XKATHM CTEHKH I0JI0H 3arOTOBKM M HA XOJIOCTOM XOJy HPH OXJIQXKJCHUH OOHKOB BOJIOH, MPUBOAST IPOU-
HOCTHBIE U TeIUIO(QU3HMYECKUE CBOMCTBA CTAIM, U3 KOTOPOil M3roToBNIeHb! Ooiiku. [lokasana reomerpus Oolika [UIsl OIYYCHUS TOJIOH 3ar0TOBKH
3a oiuH 1poxo1. IIpruBoOISTCS HCXOAHBIC JAaHHBIC [UIs pacyeTa TeMIIEPaTypHOTO I10JIsl OOiKa yCTAaHOBKHM COBMELICHHOTI'O JINThS U Je(opMauu npu
MOJIyYEHHH TOJIBIX 3aTOTOBOK, @ TAKXKE MPE/ICTABICHBI TEMIIEPATypPHbIC TPAHUYHbIC YCIOBHS JUIS pacueTa TeMIepaTypHbIX noiel 6oiikoB. Crarbs
OIKCHIBACT I'PAHUYHBIC YCIOBHS JUISl ONPEACIICHHs TEMIIEpaTypbl OOiKa M 3HAUCHHUS TEIUIOBOIO MOTOKa U 3ddexTrBHOrO Koddduimenra temio-
ota4u. Pe3yabTaThl pacyera TeMIepaTrypHbIX 10JIeil ObUIH BBITIOJHEHBI B YETBIPEX CEUCHUSX IS XapaKTEPHbIX JTMHHUI U TOUEK, PACTIOI0KEHHBIX
Ha KOHTaKTHOMW TOBEPXHOCTH 0OIKa U B IPUKOHTAKTHOM CJIO€ Ha DIyOMHE 5 MM OT pabo4eil MoBepXHOCTH. Pa3Mephl CeTKM KOHEUHBIX JIEMEHTOB
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MPUBE/ICHBI JUIS HCTIONIB30BAHMS TIPH pacdyeTe TeMIiepaTypHoro ot 6oiikos. TemmeparypHoe moie 60HKoB ¢ OypTaMu ONpesessioch Ha OCHOBE
PeIIeHNs] ypaBHEHHs HECTALMOHAPHO! TEIUIONPOBOAHOCTH C COOTBETCTBYIOIINMI HAYaIbHBIMK U TPAHNYHBIME yCIOBUMU. [Ipe/icTaBIeHbI BelH-
YHHBI 1 3aKOHOMEPHOCTH PACTIPE/ICIICHIS TEMIIEPATyPhl B KATMOPOBaHHOM OOIiKe IIpH 00KaTHH CTEHKHU OJION 3arOTOBKH U HA XOJIOCTOM XOIy HPH
TOJTyI€HHUH 32 OJMH IPOXO]] MOJIOI 3arOTOBKU Ha yCTAHOBKE COBMEIICHHOTO JIUTHS U J1e(hOpMaInm.

Kawueswle cnosa: YCTaHOBKa, KaJ'II/I6pOBaHHHC 60ﬁKI/I, JINTBE, I[C(I)OpMaI_[I/ISI, KpHUCTAJIU3aTop, I10JIast 3aroTOBKaA, TEMIIEPATYypPHOE I10JIC, KOHEYHBIH 3J1e-

MCHT
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[ INTRODUCTION

The technology for producing hollow steel billets at
pipe plants entails high capital, energy, and operating
costs, since it includes casting solid round billets on hori-
zontal continuous casting machines, heating them in fur-
naces, and piercing on presses or piercing rolling mills.
Note that this equipment is predominantly of foreign
manufacture, and under anti-Russian sanctions its supply
may be halted. Accordingly, a domestic unit of combined
casting and deformation has been developed that success-
fully replaces foreign equipment and can produce hollow
steel billets in one pass [1 — 3]. The most heavily loaded
elements of the unit during hollow-billet production are
calibrated strikers, which, during the working stroke,
simultaneously compress the wall of the hollow billet
and draw it out of the mold. In this case, calibrated stri-
kers experience combined stresses from the compression
force and the temperature load, which reduce the service
life of the strikers. To select the design parameters and
material of the calibrated strikers on a sound basis, it is
necessary to determine their stress state during the pro-
duction of hollow billets on the unit of combined casting
and deformation. To this end, the temperature field and
thermoelastic stresses in the strikers during compression
of the wall of the hollow billet must be determined [4 — 6].

Inclination angle of the working surface — 12.5°

Working
section
of the striker
AN
By symmetry,
one half
of the striker
(¥=0)
was used
for the calculation

]

758 28
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Calibrating
section

Calibrating-section radius R = 50 mm

Fig. 1. Geometry of the striker with dimensions

Puc. 1. Teomerpust Ooiika ¢ pazmepaMu

This paper presents a procedure for calculating tem-
perature fields and thermoelastic stresses in the strikers
of a unit of combined casting and deformation. The pipe
billet material is steel grade 09G2S; the inner and outer
diameters of the pipe billet are 60 and 100 mm, respec-
tively. The angular speed of the eccentric shafts is 40 rpm.
At this speed, the striker contact time in the working
stroke is 0.375 s, and the pause time is 0.375-3 = 1.125 s.
The temperature of the pipe billet at the entry to the striker
is 1200 °C, and after exiting the strikers it is 1000 °C.

The striker material is forged tool steel 4Kh4VMFS.
For calculations for this steel in the temperature range
from 20 to 700 °C, the following were adopted: modu-
lus of elasticity E, density p, thermal conductivity A, heat
capacity ¢, coefficient of linear expansion a, and yield
strength o, [2].

The geometry of the striker with dimensions is shown
in Fig. 1.

By symmetry, the calculation was performed for one
half of the striker (Fig. 2). A part of visible lines is shown,
for which calculation results will be presented below.

The results of the temperature and stress calcula-
tions are given for three sections (/, 2 and 3), in each
section, results are presented for five lines. The positions
of the sections, the lines for each section, and the points

XZ plane
is the plane
of symmetry
Line YZ L1 _S1
Radial line R L1 S1
Line ¥Z 12 S2 Line XZ L1 .81
Radial line R L2 S2
Line XZ 12 S2
Line YZ L3 S3 o
Radial line R_L3 S3 Line XZ L3 S3

Fig. 2. Geometry of one half of the striker (part of the visible lines)

Puc. 2. TeomeTrpusi MOJOBUHBI OOiKa (YaCTh BUMMBIX JTHHHIA)
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Fig. 3. Position of points and lines in section 2
(sections are shown in Fig. 2)

Puc. 3. TlonoxeHue TOUEK U JTUHUHN B CCUCHUU 2
(cedyeHust yKazaHbl Ha pHC. 2)

through which the lines pass are shown in Fig. 3. Table 1
lists the names of all the lines and indicates the points
through which these lines pass.

Calculations of the thermal and stress states of the stri-
kers — for each thermal load (temperature boundary con-
ditions), the specified thermo-physical and mechanical
properties of the striker material, and the striker geo-
metry — were performed as follows:

1. Using the thermal element SOLID 70, with the given
temperature boundary conditions and thermophysical
parameters (density, thermal conductivity, heat capacity)
of the striker material, a quasi-steady-state (QSS) tempe-
rature field of the striker at the end of the working stroke
and at the end of the pause [7 — 9].

2. Using the structural element SOLID 185, together
with the modulus of elasticity and Poisson’s ratio and
the temperature field at the end of the working stroke
(from step /), the thermal stress state of the striker
at the end of the working stroke was determined along
the striker length [10 — 12].

The temperature field of the strikers is found by solv-
ing the unsteady thermal conductivity equation with
the corresponding initial and temperature boundary con-
ditions in the ANSYS package [10]:

dl &0 [, oT
Sy 22,
P ar Zax,{ ax,.j

i=1
All coefficients are taken as temperature-dependent
for the strikers.

The initial condition for T(X, ¢) is:

(1)

T(X, ) =T,(X). )

The initial temperature of the strikers is 20 °C.

For the working surface of the striker, boundary con-
ditions of the second kind have the form

oT
A— (t) =4,

3

on|g ®)
where ¢ is the density of heat flow from the metal in
the deformation zone.

During the pause, the boundary conditions of the third
kind for the working surface have the form

Ka—T:—al(T—Tk),
n

(4)

where o, is the effective heat transfer coefficient on
the working surface during the pause; 7, =60 °C is
the temperature of the water supplied to the working sur-
face of the strikers during the pause.

On the striker end face, the back wall, and the top and
bottom of the striker, the boundary conditions of the third
kind have the form

ka—T =-0,(T-T,),
on

©)

where a, is the heat transfer coefficient for cooling
the back wall and the top and bottom with water or air,

Table 1. Names of the lines for three sections, the points through which these lines pass

Ta6auya 1. HanmeHoBaHUS JUHUIL 1Sl TPeX ce4eHN I, TOUKH, Yepe3 KOTOPbIe MPOXOAAT 3TH JTHHUH
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Line Points Line Points Line Points
Section Section 2 Section 3
XZ L1 S1 1.S51,2 81,3 S1 XZ L2 S2 1.852,2 82,3 82 XZ L3 S3 1.853,2 83,3 53
XYZ L1 _S1 4 81,5 81,6 _S1 XYZ 12 S2 4 82,5 82,6 82 XYZ L3 S3 4 83,5 83,6 S3
YZ L1 S1 7 81,8 S1,9 S1 YZ L2 S2 7 82,8 52,9 82 YZ L3 S3 7 83,8 83,9 83
R L1 S1 1_S1,4 81,7 51 R L2 82 1.852,4 82,7 82 R L3 S3 3.83,4 83,7 83
R 5Smm L1 S1| 2 S1,5 S1,8 S1 | R Smm L2 S2| 2 82,5 §2,8 S2 | R Smm L3 S3 | 2 S3,5 S3,8 S3
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depending on the calculation case; 7, = 60 °C is the ambi-
ent temperature at the end face, back wall, and top and
bottom.

In this formulation, one assumption is that the radia-
tive heat flow from the metal is neglected in calculating
the striker temperature fields [13 — 15].

Equations (1) — (5) constitute an initial boundary-value
problem for the unsteady temperature field of the strikers
in the unit of combined casting and deformation [16 — 18].

This scheme for determining temperature and thermo-
elastic stresses in the strikers by the finite element method
is implemented in one of the modules of the ANSYS
package [19; 20].

Temperature values at all points along the lines are
given in Table 2.

[ ANALYSIS OF CALCULATION RESULTS

Under heat flow during wall reduction, the contact
surface of the striker reaches 370 — 451 °C (results shown
only for the portion between sections / —3; Table I,
points 7_S3 and 1_S1). The maximum temperature occurs
in section 1 on the plane of symmetry of the striker. Dur-
ing idle operation with water cooling, the contact-surface
temperature decreases to 289 —370 °C (points 7_S3
and 1 _S1) while the maximum remains in section / on
the plane of symmetry.

Atadepth of 5 mm, the temperatures at the end of con-
tact and at the end of the pause in the QSS mode coincide
and depend only on location; they lie within 295 — 392 °C
(points 8 S3 and 2_S1). The maximum is again in sec-
tion / on the plane of symmetry.

450
a
S a5}
o) HF XZ 12 S2
=
s 400 |
g -
§ 375 |\
WC XZ L2 S2
350 | | | |
0 10 20 30 40 50 60
450
b
an 425 HF XZ 12 52
g
2
s 400
O
5 oasp T
T WC XZI2S2
350 1 1 1 1
0 1 2 3 4 5

Distance, mm

Fig. 4. Nature of temperatures along the XZ L2 S2 line due
to the effect of heat flow (HF) and cooling with water (WC)
on the striker along its thickness (@) and from the contact surface
to a depth of 5 mm (b)

Puc. 4. Xapaxrep Temiiepatyp Baojib JuHuu XZ L2 S2
B 3aBHCHMOCTH OT BO3/1eiicTBUsI Ha Ooek TertoBoro nmortoka (HF)
u oxnaxaenus Bogoit (WC) no tommune 6oiika (a) U OT IOBEPXHOCTH
KOHTaKTa Ha rryouHe 5 MM (b)

Temperature variation is similar through the thick-
ness and along the radius. The maximum tempera-
ture — at the end of contact and at the end of the pause —
at the working surface of the striker and at a depth
of 5 mm occurs in the part of the striker located closer
to the mold; toward the calibrating section the tempera-

Table 2. Temperature values at all points of the lines

Tabauya 2. 3Ha4eHUs TeMIIepaTyp BO BCeX TOUKAX JTHHUM

Section / Section 2 Section 3

_— Temperature, °C Point Temperature, °C _— Temperature, °C

WwC HF wC HF wC HF
1 51 370 451 1 .82 365 445 183 354 435
2 81 392 392 2 82 386 386 2 83 373 373
3 81 370 370 382 350 350 383 310 310
4 S1 368 448 4 82 360 441 4 83 348 429
5 81 389 389 582 381 381 583 366 366
6_S1 344 344 6 52 330 330 6 83 285 285
7 81 304 385 782 294 375 783 289 370
8 S1 314 314 8 82 302 302 8 83 295 295
9 51 286 286 9 82 252 252 9 83 221 221

Note. WC and HF denote the temperature at the end of the pause and at the end of the working
stroke (end of contact), respectively.
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Fig. 5. Nature of temperatures along the R L2 S2 line due to the effect
of heat flow (HF) and cooling with water (WC) on the striker

Puc. 5. Xapaxrep Temriepatyp Baojb JIMHUM R_L2 S2
B 3aBHCHMOCTH OT BO3/ieiicTBUsI Ha Ooek TertoBoro nmortoka (HF)
n oxnaxaeHus Boaoit (WC)

ture decreases. Radially, the temperature is highest on
the plane of symmetry and decreases toward the lateral
surface of the striker.

Through the thickness, the striker temperature
decreases: on the support side surface it is 285 — 370 °C
(points 653 and 3_S1); on the lateral surface side it is
221 —286 °C (points 9 _S3 and 9_S1).

Temperature equalization occurs at a depth of 2 mm
from the contact surface, both through the thickness and
along the radius.

Figs. 4 and 5 show the temperature distribution along
characteristic lines of the calibrated striker in section 2
during wall reduction and during idle operation with
water cooling. Temperatures at characteristic points in
sections / and 2 differ only slightly (Table 2).

- CONCLUSIONS

A procedure has been developed for calculating tem-
perature fields and thermoelastic stresses in calibrated
strikers of a unit of combined casting and deformation
during the production of steel pipe billets. The tempera-
ture distribution along characteristic lines has been deter-
mined for both wall reduction and idle operation with
water cooling. It has been established that, under heat
flow during wall reduction, the temperature of the contact
surface of the striker is 370 — 451 °C.
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