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CALCULATION OF TEMPERATURE AND THERMOELASTIC STRESSES
IN STRIKERS DURING PRODUCTION OF HOLLOW STEEL BILLETS
IN A UNIT OF COMBINED CASTING AND DEFORMATION. PART 2

0. S. Lekhov®, D. Kh. Bilalov

| Russian State Vocational Pedagogical University (11 Mashinostroitelei Str., Yekaterinburg 620012, Russian Federation)

&3 MXlehov@yandex.ru

Abstract. The article solves the problem of determining thermoelastic stresses in calibrated strikers in a unit of combined casting and deformation
during production of hollow steel billets using the calculation methodology developed by the authors. The authors substantiate the relevance
of determining thermoelastic stresses in insulated strikers when compressing the wall of a hollow billet and at idle run when cooling the strikers
with water, and describe the striker geometry to produce a hollow billet in one pass. 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 are given
to calculate thermoelastic stresses in calibrated strikers using the finite element method with ANSYS package. The authors determined the magni-
tudes and patterns of distribution of thermoelastic stresses in a calibrated striker when compressing the wall of a hollow billet and at idle run when
such a billet is produced in one pass in a unit of combined casting and deformation. Based on the calculated temperature values and the magnitude
of the maximum compressive thermoelastic stresses on the contact surface of the strikers, it is proposed to use a pipe billet as a material for making
strikers.
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AHHomayus. B crarbe pemraeTcs 3ajada ONpPEACNICHUs] TEPMOYNPYTUX HANpsDKEHUI B KalMOPOBAaHHBIX OOWKaxX YCTAHOBKH COBMEILICHHOTO JIMThS
U JieopMaLiuy IpH MOITYyYESHUU CTAJILHBIX MOJIBIX 3aTOTOBOK € HCHOIb30BaHUEM Pa3pabdOTaHHOM aBTOpaMM METOJMKU pacueTa. ABTOPbI 000CHO-
BBIBAIOT aKTYaJIbHOCTD OINPENIeNICHHs TEPMOYIIPYTHX HANPSHKEHUIT B KaTHOPOBAaHHBIX OOMKaX MPH 00XKATHH CTEHKH IOJIOW 3arOTOBKU M Ha XOJIO-
CTOM XOJy TIPH OXJIaXJICHUH OOIMKOB BOJOH M MPEACTABISAIOT reOMETPUI0 OOHKa JUlsl MOITydYeHHs 110JI0H 3aroToBKH 3a ofuH npoxoa. IIpencras-
JICHBI UCXO/IHbIC JAHHBIC ISl pacueTa TePMOYIPYTUX HANPSDKEHHH B KalMOPOBAaHHBIX 0OMKaX yCTAHOBKH COBMELICHHOTO JIUThS U Jie(opMaiiuu
IpH TMOJMYYEHUH TOJbIX 3arOTOBOK M TEMIEpaTypHble I'PaHUYHBIC YCIOBUS M MX pacdera. [l ompeneneHus Temieparypbl Ooika IMpHBO-
JUITCSI TPAaHUYHBIEC YCIOBHS U 3HAUCHUSI TEIJIOBOTO MOTOKA U 3()(GEeKTHBHOTO Kod(puireHTa Teruioornaqdn. PesynsratoM pacuera TepMOYNpyrux
HAIpsOKCHUH B YETHIPEX CEYCHUSIX SIBJISIFOTCSI XapaKTepHbBIC JIMHUK M TOYKH, PACIIONIOKECHHBIE Ha KOHTAKTHOW IOBEPXHOCTH OOWKa M B NMPHUKOH-
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TAaKTHOM CJIO€ Ha ITyOWHE 5 MM OT paboyeii moBepXHOCTH. [[i1s1 pacueTa TepMOYypyruX HaNpsHKEHUI B KaTMOPOBAaHHBIX OOMKAaX ¢ HCHOJIB30BaHHEM
METO/]a KOHEUHBIX JIEMEHTOB C TpuMeHeHneM naketa ANSY'S mpuBoasTcst pa3Mepsl CETKN KOHEYHBIX 3JIEMEHTOB. ABTOPBI OIIPE/IEIIVIIN BETHINHBI
Y 3aKOHOMEPHOCTH paclpe/ielICHNs] TEPMOYIIPYTHX HANPsUKSHUH B KaTMOPOBAaHHOM OOWKe IMpH 00XKATHH CTEHKH I0JI0H 3arOTOBKH M Ha XOJIOCTOM
XOly TIPH TIOJTYYCHHUH 32 OJIH ITPOXOJI TAKOH 3arOTOBKH Ha YCTAHOBKE COBMEILICHHOTO JIUThs U Jedopmannn. Ha 0CHOBaHMHM pacyeTHBIX 3HAUCHUH
TEMIIEPaTypbl ¥ BEITMYMHBI MAKCUMAJIBHBIX CKUMAIOIINX TEPMOYNPYTHX HANpsHKCHUH Ha KOHTAKTHOW IMOBEPXHOCTH B KaueCTBE Marepualia Jyis

HM3TOTOBJIEHNUS OOMKOB MPEAJIOKEHO UCITOJIB30BATh pr6HyI0 3aroToBKY.
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- INTRODUCTION

The main and most heavily loaded elements of a unit
of combined casting and deformation are the stri-
kers [1; 2]. During the working stroke, they simultane-
ously compress the wall of a steel hollow shell and move
it in the casting direction. In this process, combined
stresses arise in the strikers during the working stroke
due to the compression force and the thermal load [3 — 5].
Therefore, a relevant problem is to substantiate the selec-
tion of the striker material that ensures the ability
to withstand cyclic loading under the combined action
of mechanical and thermoelastic stresses [6 — 8].

To calculate the stress state of the striker in the unit, its
temperature field was first determined based on solving
the unsteady thermal conductivity equation with the cor-
responding initial and boundary conditions [9 — 11].

The outer and inner diameters of the hollow billet
made of 09G2S steel are 100 and 60 mm, respectively.
The angular speed of the eccentric shafts was taken as
40 min!. At this speed, the contact time of the striker
with the wall of the hollow billet during the working
stroke is 0.375 s, and the pause time is 1.125 s. The tem-
perature of the hollow billet in the striker entry zone is
1200 °C [12 — 14].

The geometry of the striker with dimensions is given
in [9]. Iterative calculations showed that, to ensure a tem-
perature of 350 °C on the striker contact surface at a heat
transfer coefficient of 2000 W/(m?-K), the heat flux den-
sity is 4.6 MW/m? [15].

It was established that, under the action of heat
flow during compression of the hollow billet wall by
the strikers, the temperature on the striker contact sur-
face lies in the range of 370 — 451 °C. Subsequently, dur-
ing idle operation with water cooling, the temperature
of the striker contact surface decreases and falls within
the range of 289 — 370 °C.

Based on the obtained temperature fields, thermoelas-
tic stresses in the strikers of the unit were determined by
the finite element method using the ANSYS package [16]
(with elements of the calculation methodologies described
in [16 — 18]). The finite element size in the deformation
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zone and in the calibrating sections of the strikers was
taken as 1 mm. By symmetry, the calculation was per-
formed for one half of the striker shown in Fig. 1 [9].
The calculation results for radial (SR), tangential (S0),
axial (SZ), and equivalent (SEQV) thermoelastic stresses
are presented only for the characteristic lines XZ L2 S2,
XYZ L2 S2,and R L2 S2 and for the points of section 2
associated with the striker contact surface (Fig. 1).

The Table presents the values of thermoelastic stres-
ses at the points of the characteristic lines of section 2
under the action of heat flow (HF) and during water cool-
ing (WC).

Fig. 2 shows the patterns of thermoelastic stress
distribution in the strikers along the characteristic line
R L2 S2.

Let us consider the distribution of thermoelas-
tic stresses in the strikers along the characteristic lines
of section 2 (Fig. 1), where the maximum compressive
stresses arise during compression of the wall of the steel
hollow billet. Thus, at point 1_S2 of the XZ L2 S2 line,
which passes along the axis of symmetry of the striker

9 82 6 82
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Radial line at
R_5mm_L2_S2 Line
852 XYZ 12 S2
782
Radial line at 552
R 1282 482
5 i
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Y XZ 12 82
- 182 -

2 82 3.8

Fig. 1. Position of points and lines in section 2
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Values of radial, tangential, axial and equivalent stresses at points of section 2 lines
due to the effect of heat flow (HF) and cooling with water (WC) on the striker

3HaYeHUs] PAANAJIBHBIX, TAHTEHIINAJIBHBIX, 0CEBBIX H IKBUBAJIEHTHBIX HANIPS/KEHU B TOYKAX JIMHUH ceueHus 2
0oT BO3/1elicTBUA HA 00ek TemioBoro noroka (HF) u oxaaxaenust Bogoi (WC)

Stress, MPa
Poit | SR | S0 | sz |SEQv| SR | so | sz |sEQv
At the end of the pause (WC) At the end of contact (HF)

182 -9 =58 | 191 178 -39 | 589 | -703 671
2 82 27 | =243 | 361 317 -33 | 218 | 348 | 297
382 56 | —114 | -62 56 -38 | —113 | -42 61
4 82 —4 148 | -142 | 258 -34 | 381 | =652 | 592
582 -13 91 =312 | 289 -18 —58 | =295 | 278
6 82 | 542 | 454 141 459 | =561 | —470 130 459
782 21 25 341 342 -19 -59 —63 71
8 82 53 -1 355 340 -32 -1 340 372
9 82 0 1 857 856 0 1 859 858

caliber, at the contact surface, the maximum compressive
axial stresses SZ reach —703 MPa (Fig. 2, Table).

During idle operation with water cooling, compres-
sive thermoelastic stresses SO and SR at the striker contact
surface at point 1_S2 are significantly lower and amount
to =58 and —191 MPa, respectively (Fig. 2, Table).

It should be noted that along the XYZ L2 S2 line,
the compressive thermoelastic stresses SO and SZ at
the striker contact surface during compression of the hol-
low billet wall are quite high; at point4_S2, they are —381
and —652 MPa, respectively (Fig. 2, Table).

During idle operation, at the striker contact surface
at point 4 S2, the tangential stresses S0 are tensile, with
a maximum value of 148 MPa, while the axial stresses
SZ are compressive, with a value of —142 MPa. However,
through the striker thickness, the axial stresses initially
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increase to —312 MPa, then decrease, change sign, and
become tensile, reaching a maximum value of 141 MPa
(see Table).

Let us consider the distribution of thermoelastic
stresses along the radius of the striker contact surface
(line R_L2 S2, Fig. 1).

During compression of the hollow billet wall, at point
1_S2 of the striker contact surface, the thermoelastic
stresses SO and SZ are compressive, amounting to —589
and —703 MPa, respectively. Along the radius, they
decrease and at point 4 S2 become —381 and —652 MPa,
while at point 7_S2 they are —59 and —63 MPa, respec-
tively (Fig. 2, Table).

During idle operation, at point 1 S2 of the striker
contact surface, compressive thermoelastic stresses S0
and SZ arise with values of —58 and —191 MPa, respec-

400

300
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0
—-100

-200 T
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Distance, mm

Fig. 2. Nature of thermoelastic stresses along the R L2 S2 line:
a — due the effect of heat flow (TP) on the striker (at the end of the contact);
b — due to the effect of cooling with water (OXJI) (at the end of the pause)

Puc. 2. XapaxTep TepMOyNpYyTUX HAMPsDKEHUH BAOIb THHUU R L2 S2:
a — OT Bo3zeiicTBus Ha Goek TertoBoro noroka (TP) (B koHLIe KOHTaKTa);
b — ot oxmaxaenuns Boxoit (OXJI) (B koHIe may3br)
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tively. Further along the radius of the striker contact sur-
face, at point 7_S2, they become tensile, reaching 25 and
341 MPa, respectively (Fig. 1, Table).

As aresult of the study, it was established that the tem-
perature of the striker contact surface during compres-
sion of the steel hollow billet wall can reach 451 °C. At
this temperature, the compressive thermoelastic stresses
at the striker contact surface reach 703 MPa.

The calculated values of thermoelastic stresses corre-
late well with the results obtained in similar studies using
the QForm analysis software system [19].

Considering the above, the strikers of the unit of com-
bined casting and deformation for producing steel hol-
low billets should be manufactured from 4Kh4VMFS
steel. This is a die steel with increased resistance to heat
checking and high wear resistance. The conditional
yield strength of the steel at a temperature of 500 °C is
1309 MPa, which significantly exceeds the maximum
thermoelastic stresses caused by the thermal load [20].
This steel is also used for manufacturing tooling for high-
speed machine forging and upsetting on horizontal for-
ging machines.

[ ConcLusions

A procedure has been developed for calculating
thermoelastic stresses in calibrated strikers of a unit
of combined casting and deformation during the produc-
tion of steel hollow pipe billets. The magnitudes and pat-
terns of thermoelastic stress distribution in three sections
of the calibrated striker during the production of steel
hollow billets in a unit of combined casting and defor-
mation have been determined. It has been established
that the maximum compressive thermoelastic stresses
at the striker contact surface reach 703 MPa. It is pro-
posed that the strikers of the unit of combined casting and
deformation for producing steel hollow billets be manu-
factured from 4Kh4VMFS steel, whose yield strength
at a temperature of 500 °C is 1309 MPa.
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