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INFLUENCE OF THE INITIAL BILLET SECTION GEOMETRY
ON THE MECHANICAL PROPERTIES OF THE PIPES

BACTAMNKbI AAWbIHOAAMAHBIH KUMA TEOMETPUACBLIHbIH
K¥BbIPNNAPObIH MEXAHUKAJIbIK KACUETTEPIHE ©CEPI

BINMUAHUE TEOMETPUU CEYEHUA UCXOQHOW 3ArOTOBKU
HA MEXAHWYECKUE CBOUCTBA TPYBE

Abstract. In this work, the process of rolling a continuously cast hollow billet is researched in comparison
with the traditional technology for producing hot-rolled pipes: piercing and rolling of a sleeve. The
experimental part describes the computer simulation algorithm in the Deform 3D software package and
performs a comparative analysis of the deformation results for various types of the initial billet and pressure
treatment processes. As a result of modeling, the advantages of the proposed technology for producing
seamless pipes were revealed.
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AHOamna. byn xymbicma bicmbikmal unemoenzeH Kybbipnapdbi eHOipydiH Oecmypsii mexHonoaus-
CbiMeH carnbicmbipraHoa y30iKci3 Kybic dalibiHO0amaHb! uriemoey npoyeci 3epmmenoi: 2unb3aHbl MECY XoHe
unemoey. dkcrnepumeHmmik 6enimoe Deform 3D bardapnamarbik keweHiHOeai KoMrbomepriik Modenboey
aneopummi cunammarnfaH xoHe bacmarkbl OalibiHOamaHbIH 8pmypni mypnepiHdeei Oeghopmauyusi
HemuxenepiHe xoHe 6HIMOI KbiCbiMMeH ©eHOey npouecmepiHe canbicmbipmarnsl manday xacanobl.
Modenbdey HomuxeciHOe XiKci3 KybbipnapObi anydbiH YCbiHbIIFAH MEXHOI02USICbIHbIH apMmbiKWbIIbIK-
mapbl aHbIKMarnobl.

TyliH ce3dep: Modenbdey, mecy, unemoey, aunb3a, MexaHuKasbiK Kacuemmepi, KypbiribIMbI.

AHHOmauyusi. B OJaHHOU pabome uccrnedosaH npoyecc packamku HernpepbigHoaumoul nosnaou
3a20MO8KU 10 CPasHeHU0 ¢ mpaduyUoHHOU mexHosioz2uel rosly4YeHUs 2opsiHekamaHbix mpy6: npowuska
U packamka aurnb3bl. B akcrnepumeHmarnsHol Yacmu ornucaH aa2opumm KOMIMbMmMepHO20 MoOeniuposaHusi
8 npoepammHOM Komrniekce Deform 3D u npoussedeH cpasHUmMesnbHbIU aHaiu3 pes3ynbmamos
Oecbopmayuu rnpu pasnuyHbix sudax UcXoOHOU 3a20moOeKU U rpoueccos obpabomku usdenul 0asrieHUeM.
B pe3ynbmame MoOesnuposaHusi 8bisienieHbl npeuMmyujecmea npednazaemMoli mMexHOI02uu nonyYeHust
becwosHbIx mpyb.

Knrodeenle cnoea: ModenuposaHue, npowuska, packamka, eurnb3a, MexaHudYeckue ceolicmea,
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Introduction. At the present level of development of steel production, the continuous casting
process, due to its technical and economic advantages, has established itself as the most rational
method for obtaining steel billets for the production of seamless pipes.

The constant improvement of the performance properties of steel products is ensured by the
use of modern solutions and developments at each stage of production. A large number of studies
have been devoted to metal casting [1-3]. An important stage in the formation of the crystal
structure of the billet is continuous casting. At the same time, most manufacturers of continuously
cast pipe billets use the production technology according to the piercing-rolling scheme.

Most seamless pipes are made from low-alloy round section billets.. Hot-rolled pipes are
manufactured in a helical rolling mill by piercing, which are subsequently rolled out in continuous
hot rolling mills and shaped to final dimensions in calibration and reduction mills.

Piercing not only requires expensive equipment, tools and energy, but also affects the quality
of the pipes. When the billet passes through barrel-shaped or mushroom-shaped rolls, tensile
stress appears in the center of the billet and destroys its axial part. On the one hand, this
facilitates the introduction of the mandrel and the formation of the inner cavity of the billet, on
the other hand, this can lead to the formation of defects on the inner surface of the pipe. Also,
due to the uneven axial zone of the cast billet, the mandrel can be displaced relative to the
longitudinal axis of the billet, which leads to a change in the wall thickness of the pipe. In
addition, for some types of steel and alloys with a significant content of chromium and nickel,
piercing is difficult due to high resistance to deformation and a narrow temperature range of
hot plasticity [4-6].

In this regard, the solution to this problem is the exclusion from the technological chain of the
piercing process, which can be achieved by using the process of rolling a hollow cast billet. Solid
billets with any production methods are characterized by segregation heterogeneity. The larger
the initial cross section of the billet, the greater the degree of chemical heterogeneity over its cross
section. For example, a billet with a large cross-section, which is supplied for rolling, always has
an increased carbon content and most of the impurities in the axial zone. It is irrational to
redistribute alloying and impurity elements over the cross section of the billet by homogenization
annealing, because of the length of the process at a low diffusion rate of elements in the cast metal
and the high energy consumption during such heat treatment. The low ductility of a high-carbon
billet with a high content of metal impurities in the axial zone creates the risk of axial fractures
during subsequent rolling. Breaks and accumulations of impurities are stress concentrators and
greatly reduce the fatigue strength of finished pipes. In this regard, the removal of metal from the
axial zone of a continuously cast billet is appropriate. However, the use of rolling a hollow sleeve
can lead to lower mechanical characteristics of the final product, which is associated with a lower
total degree of deformation of the rolled product. Thus, it is necessary to research the process of
rolling a hollow billet in order to determine the feasibility of using this technological scheme for
producing pipes [7-9].

Due to the complexity, and sometimes the impossibility of direct study of a real object,
computer modeling is used. To modeling deformation processes, namely piercing and rolling, the
Deform 3D software package [10] was used in this work.

Materials and methods of research. To analyze the flow of material in three-dimensional space
in the process of metal forming, a system of computer modeling of technological processes
Deform 3D was used. Deform 3D provides the necessary information about the behavior of the
metal and the features of the temperature distribution during deformation based on the finite
element method.
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During the modeling, at the initial stage, the initial data were set in the preprocessor: billet
material, billet and tool temperature, strain rate, boundary conditions.

The results of the modeling were the mechanical properties and geometry (wall thickness over
the section) of the rolled products.

Results and discussion. The experiment consists in modeling two ways to obtain a seamless
pipe (Figure 1) and comparing their results, which are geometry and mechanical characteristics.

The first step was modeling the piercing of a solid steel billet with a diameter of 300 mm
(Figure 2).
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Figure 1. Methods for obtaining pipes
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Figure 2. Deformation area of during the piercing of a solid billet

Further, using the final data of the obtained sleeve in the Deform 3D program, we set the initial
data on geometry and properties to modeling the process of rolling the obtained sleeve (Table 1).

Table 1. Initial data for the rolling process

Parameter Value
Rolling mill mandrel diameter, mm 127,0
Sleeve inner diameter, mm 127,4
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Sleeve outer diameter, mm 227,0
Sleeve heating temperature before rolling, °C 1100
Steel grade ISO-20CrNiMoS2

Upon receipt of a pipe using the technology of rolling a hollow billet, the original product
undergoes smaller deformations in terms of the amount, which means that as a result, lower
mechanical properties will be observed, normalized by the standards. To determine the magnitude
of the difference in obtaining mechanical properties for different production methods, the process
of rolling a stitched sleeve and a hollow continuously cast billet was modeling [11-15].

The geometry of the billet and technological tool for modeling in Deform 3D (Figure 3) was
originally created in the «Compass» software package.

a - - b

Figure 3. Three-dimensional models for modeling rolling: a — billet; b — rolls and mandrel

To determine the mechanical properties, a tensile test was simulated (Figure 4), in which the
tensile strength and yield strength were determined from the force calculated by the program, and
the relative elongation was determined through the length of the sample tensile graph. The results
of modeling uniaxial tension are shown in Table 2.



«BECTHUK BKTVY» 116 Ne 3,2022

Stress - EMective (MPa)

i A A
0060 14 L4y ™ i

Stk fem)

Figure 4. Modeling of the tensile test of the sample
Table 2. Mechanical properties of computer model pipe samples

Initial billet of the rolling mill
Parameter pierced sleeve hollow cast billet
Tensile strength, MPa 482 458
Yield strength, MPa 352 336
Elongation, % 15,1 14,4

As the results show, the mechanical properties of the proposed production scheme are lower
than those of the traditional pipe production technology by 5 %. However, poor mechanical
properties can be corrected by subsequent heat treatment.

Conclusions. The use of technology for the production of seamless hot-rolled pipes without a
piercing process, using a continuously cast hollow billet, has a number of advantages:

— reducing the cost of pipe production due to the exclusion of the piercing process from the
technological chain;

— improvement of the inner surface of produced pipes;

— optimization of technology for the production of seamless pipes and economic feasibility by
eliminating the purchase of expensive tools for piercing mills (rolls, mandrels, guide lines).

Thus, the use of a continuously cast hollow billet as a billet for producing a hot-rolled seamless
pipe will improve the quality, which is theoretically confirmed by modeling in the Deform 3D
software package and is more economically feasible.
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structure formation and mechanical properties of oil assortments pipes produced from cast hollow
billets).
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