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Abstract. Screw piercing of a workpiece is a process with complex cyclical nature of metal flow in deformation center. Setting up the deformation tool and
its calibration, as well as the accuracy of the workpiece feed and release of the hollow billet from deformation zone, have a significant impact on the
quality of the hollow billet: dimensional accuracy and presence of defects on its inner and outer surface. In the paper, a technical solution was proposed
to increase the stability of piercing a continuously cast workpiece on screw rolling mills. Implementation of the idea involves the use of an improved
calibration of the piercing mill tool. For both in order to achieve the workpiece alignment and its stable feeding along rolling axis of the piercing mill,
it was proposed to add a special thickening (hump) on the roll input cone and to change calibration of its input section on the ruler in order to meet the
workpiece with the rolls earlier: before the initial capture of the workpiece by the rolls, that is, before deformation of metal of the continuously cast
workpiece by the rolls. To check and correct the proposed solution, the tasks of FEM-modeling of screw piercing process with a modified design of
the tapered roll and ruler were set and solved using the QForm 3D software package. Results of the finite element modeling (FEM) showed that the
use of improved tool calibration makes it possible to improve the alignment of the workpiece and ensure its stable position along the rolling axis of
the piercing mill, thereby reducing the runout of the workpiece in the deformation center and thereby reducing the force on the rolls from 8 to 5 MN.
The results of measurements of the hollow billets” geometric parameters obtained by FEM showed insignificant relative deviations that fit within the
regulatory limits.
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AnHomayus. Ilporiecc BUHTOBOH NMPOIIUBKH 3arOTOBKH — 3TO HPOLECC CO CIOKHBIM IUKJINYHBIM XapaKTepOM TEYECHHUs MeTajula B odare jaedop-
Mmanuu. Hactpoiika nHCTpyMeHTa edopManny 1 ero KaanOpoBKa, a TAKKe TOYHOCTb MOJa4y 3ar0TOBKH M BBbIIAYM THIIb3bI U3 o4ara JedopManuu
OKa3bIBAIOT CYLICCTBEHHOE BIMSHHE HA KAUYeCTBO I'MIIB3bI: TOYHOCTH Pa3MEpOB U HaIW4YKe Ne()EKTOB HA BHYTPEHHEH U HAPYKHOW MOBEPXHOCTH
ruib3bl. B paboTe npeaiokeHo TEXHUYEeCKOe PelIeHNe MOBBIISHNS CTaOMIBHOCTH BEJCHHs POLiecca MPOLIMBKH HENPEPhIBHOIMTOMH 3ar0TOBKH
Ha CTaHaX BHHTOBOM NpOKaTKH. Peanm3amust uien mpeanonaraeT NpUMEHEHNE yCOBEPIICHCTBOBAHHON KaIMOPOBKN MHCTPYMEHTA IPOLINBHOTO
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cTaHa. I[J'Iﬂ oOecreueHust LCHTPOBKH 3arOTOBKU U CTaOUIIBHOM ee TIOJIa4YH IT0 OCH IPOKATKHU IMTPOLIMBHOTO CTaHa MPEIAJIOKEHO )106aBI/ITB Ha BXOIHOM
KOHYCC BaJIKa CIICIAJIbHOC €r0o YTOJIIICHUC (I‘pe6€HI)), a Ha JIMHCHKE N3MCHUTh KaJ'II/I6pOBKy BXOJHOI'O €€ y4acCTKa C IICJIbIO Oonee paHHeﬁ BCTpCUHN
3aroToBKH C BaJIKaMU — 0 INEPBUYHOIO 3aXBara BaJIKaMH 3aroTOBKH, T. €. 10 Haydajia )Ie(bOpMaLII/H/I BaJIKaMU McTaJlia HeﬂpepBIBHOHHTOﬁ 3aro-
TOBKH. Z[J'ISI TIPOBEPKU U KOPPCKTUPOBKHU ITPEAJIATacMOro peicHus OBLIM TIOCTABJIEHBI U PCHICHBI 3a1a91 KOHCYHO-3JIEMCHTHOI'O MOACIMPOBAHUS
rpouecca BUHTOBOM TIPOIIMBKHU C U3MEHEHHOM KOHCprKI_IHel\/'I FpI/I6OBPU1HOFO BaJIKa U JIMHEHKH. Perrenue 3aJ1a4 OCYILIECTBIIAJIOCH B IIPOIrpaMMHOM
KOMIIJIEKCE QFOITD 3D. PeSy.]'H)TaTLI KOHCYHO-3JICMCHTHOTO MOACIHUPOBAHUSA I[OKa3aJId, YTO IIPHUMCHCHUC yCOBepHIeHCTBOBaHHOﬁ KaHI/I6pOBKI/I
HUHCTPYMCHTA ITO3BOJIACT YIYUYIIUTh HEHTPOBKY 3arOTOBKU U 00ecreynTh CTa6HJ’IBHy}O €€ noxauy 1no OCu NpOKaTKU NPOUIMBHOI'O CTaHa. 3a cuer
OTOT0 yAaeTCsl CHU3UTH OMEHHUE 3aTOTOBKH B Ovare L[e(bopMaHI/II/I 1 TEM CaMbIM CHU3UTH yCHJIUC Ha BaJIKaxX C 8 mo 5 MH. PeSyIII)TaTLI 3aMepoB
TEOMETPUICCKUX ITapaMETPOB I'UJIb3, IOJYUYEHHBIC IPU IOMOIIN KOHECYHO-3JIEMEHTHOI'O MOJACIIMPOBAHMSA, IMOKa3aJIM HE3HAYUTEIIbHBIC OTHOCHU-
TCJIbHBIC OTKIIOHCHUS, KOTOPBIC YKIAAbIBAIOTCSI B HOPMATHUBHBIC ITPCACIIBI.

Kawuesvle c106a: BUHTOBas IPOLINBKA, TOYHOCTH Pa3MEPOB T'MIIb3, SHEPTOCHIIOBBIC TApaMeTpPhI MPOLecca, KOMITBIOTEPHOE MOJEINPOBAHNE, TBEP/IO-
TesbHAsI MOJIeNTb, CTaOMIIBHOCTH Iporecca nporusku, MKD-monenupoBanue
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[ INTRODUCTION

The critical step in producing hot-worked seamless
pipes involves transforming a solid workpiece into a hol-
low billet [1 —3]. The most effective method for this,
both in terms of productivity and the accuracy of the hol-
low billet’s geometry, is screw piercing of continuous
cast workpieces (CCW) using rotary piercers [4 —6].
The screw rolling process is modern and holds great
promise; however, it is also exceptionally complex [7; 8].
This complexity arises from the unique way metal flows
in the deformation zone, which makes the process par-
ticularly challenging [9; 10]. During screw rolling,
the workpiece undergoes simultaneous rotation, axial
movement, and radial compression by the rolls [2]. As
a result, screw rolling is seen as a process with uncer-
tain boundary conditions and a cyclic nature of defor-
mation [5]. The setup and calibration of the deformation
tool, along with the precision of the workpiece feed and
the release of the hollow billet from the deformation zone,
significantly affect its quality. This includes the dimen-
sional accuracy and the presence of defects on its inner
and outer surfaces [11 — 14].

- PECULIARITY OF THE WORKPIECE FEEDING
INTO THE PIERCING MILL AND ITS IMPACT
ON THE HOLLOW BILLET QUALITY

It is widely recognized that for a stable piercing pro-
cess at the rotary piercers, it is crucial to meet the con-
ditions for initial and secondary capture, as well as
to ensure the reliable completion of the piercing pro-
cess when the hollow billet is released from the mill
rolls [1 — 3]. In practice, however, achieving capture can
be challenging. The study mentioned in [3] highlights
that to guarantee the forward and rotational movement
of the workpiece during its initial capture by the rolls,
an external axial force must be applied to the workpiece’s
rear end. In this scenario, the pushing force should be
applied to the workpiece until its circumferential velo-

city hits a critical point. At this juncture, the metal is
axially fed into the rolls, and both the speed and force
of the device pushing the workpiece into the rolls should
be kept to a minimum [3].

Moreover, during its initial capture by the rolls
of the piercing mill, the workpiece exhibits a conside-
rable degree of movement freedom. This is partly because
the entry guide is manufactured to a set tolerance for
the inner diameter, and the working surface that supports
the workpiece is subject to wear (Fig. 1). These factors
lead to an increase in wall thickness variation and the out-
of-roundness of the hollow billet’s front end [14 — 16].
The deviation of the workpiece from the rolling axis,
as shown in Fig. 1, can be exacerbated by the curvature
of the continuous cast workpieces (CCW) themselves, as
well as by lapping or burrs on their front face.

Therefore, the stability of the piercing process in its
early stages is compromised by two main issues: the failure
to adhere to the required workpiece feeding mode and
the inadequacies of the existing feeding devices.

To improve the alignment of the workpiece and ensure
its stable feeding along the rolling axis of the EZTM
piercing mill at Tube Rolling Shop-1 of JSC Seversky
Pipe Plant, a novel approach was suggested. This method
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Fig. 1. Misalignment of the workpiece
from rolling axis during the primary capture:
eccentricity of axes of the workpiece and rolling (a);
angle of the workpiece inclination (b)

Puc. 1. OTKIIOHEHHE 3arOTOBKH OT OCH MPOKATKH
[IPH TIEPBUYHOM 3aXBaTe:
IKCUCHTPHCHUTET OCEH 3arOTOBKH U MPOKATKH (a);
YTOJI HAKIIOHA 3ar0TOBKH (b)
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involves adding a special thickening, or hump, on the roll
input cone, along with adjusting the calibration of its
input section on the guide shoe. The aim is for the work-
piece to engage with the rolls sooner — before the initial
capture of the workpiece by the rolls, and thus before
the deformation of the CCW metal by the rolls.

To achieve this, an additional tapered section is intro-
duced on the roll input cone. This section extends from
the roll end to the point where the workpiece is first cap-
tured by the mill rolls and is aligned parallel to the roll-
ing axis (assuming the rolls are rotated to the necessary
angle for rolling and feeding). This design is intended to
keep the workpiece centered within the deformation zone
of the EZTM piercing mill, thereby enhancing the stabi-
lity of the workpiece’s initial capture by the rolls (Fig. 2).

- VERIFICATION OF THE TECHNICAL SOLUTION TO ENHANCE
THE STABILITY OF THE SCREW PIERCING PROCESS
IN THE MILL WITH TAPERED ROLLS

To validate and refine the proposed solution, tasks
involving the FEM modeling of the screw piercing process
at the rotary piercer with a modified design of the tapered
roll and guide shoe were set up and conducted using
the QForm 3D software package. This approach enabled
the identification of workpiece shape change patterns
within the deformation zone and facilitated the assessment
of the hollow billet’s dimensional accuracy [17].

To facilitate these tasks, a solid model of the pierc-
ing mill was developed using CAD modeling software,
specifically KOMPAS-3D. The solid models of the rolls,

Roll

Piercing
head

Hump

Workpiece Piercing

mill axis

Guide shoe
taper

Initial
capture

Guide shoe

Fig. 2. Center of deformation during piercing
of the workpiece in rolls with a hump on the input section

Puc. 2. Ouar nedopManuu 1mpu MpoIIuBKe 3ar0TOBKU
B BaJIKaxX ¢ TpeOHEM Ha BXOIHOM y4acTKe

guide shoes, and the piercing head for the EZTM mill
were prepared, aligning with the technological guidelines
provided by JSC Seversky Pipe Plant. For the modeling
process, a workpiece with a diameter of 290 mm was
used. The positioning of the tools was determined based
on the technological parameters of the piercing mill’s
configuration, as practiced at the production facility
(refer to the Table).

As the modeling tasks were established, the following
assumptions were made.

* The workpiece is 1000 mm long.

» The material of the workpiece is solid, isotropic, and
incompressible AISI 1045 steel (equivalent to steel 45),
for which the necessary parameters are available in the
QForm 3D software database.

*In line with the specifications, the workpiece’s
temperature is set at 1200 °C, and the temperature
of the working tools at 50 °C.

* The friction between the workpiece and the tool sur-
faces is described by the Siebel friction law: Tt =yt , where
T is the friction stress, MPa, y is the friction index, and
T, is the shear deformation resistance of the material. For
the surfaces in contact with the rolls, the friction index is
presumed to be 0.8, while for those in contact with the pier-
cing head and guide shoe, it’s assumed to be 0.4 [5].

These assumptions were chosen to expedite the cal-
culation process and are considered not to significantly
affect the study’s objectives. The solid model showcasing
the workpiece piercing process and the process’s initial
stage, as visualized in the QForm 3D software, is illust-
rated in Fig. 3.

The results from the tasks solved using the QForm 3D
software revealed several positive outcomes from app-
lying the improved tool calibration:

— the stable initial capture of the workpiece by the mill
rolls is achieved,;

— significant compression of the workpiece in the
deformation zone does not result in the premature ope-
ning of the CCW internal cavity;

—a consistent secondary capture without any work-
piece runout in the deformation zone is assured.

As the calibration was refined, the optimal parameters
for the input cone of rolls and guide shoes were deter-
mined (Fig. 4).

Settings of the piercing mill

ITapameTpbl HACTPOIKH NPOIIMBHOIO CTAHA

Distance between The piercing head extending Angle of, deg Rolls
the rolls, mm | the guide shoes, mm | beyond the rolls overclamping, mm | feeding | rolling | speed, rpm
253 286 100 9.5 12 30
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a b

Fig. 3. Solid-state model of the workpiece piercing (a) and the initial stage of piercing process in rolls with a hump (b) in QForm 3D program

Puc. 3. TBepaotenbHast MOJEIb TIPOIIECCa MPOIIMBKHU 3aTOTOBKH (@) U JIEMOHCTpAIUsI CTAOMIBHOCTH TIEPBUYHOTO 3aXBara
¥ HaKOIUICHHMs ie(hOpMalIMH IIPHU TPOIIMBKE B Balikax ¢ rpedHeM (b) B mporpamme QForm 3D

/,/ Roll Parameters Guide shoe
/
1 8 Taper height, mm 200
75 Spherical radius, mm 400
40 Distance from the end, mm 0
11 1 I | I ) B b
Rolling direction
630 +
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30° é’/
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S R400 3
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Fig. 4. Parameters of the hump on the roll and ruler:
drawing of the roll with a hump (@); main parameters (b); drawing of the ruler with a taper (c)

Puc. 4. ITapameTpsl rpeOHs HA BAJIKE U JTHHCHKH:
YepTex Balika ¢ rpedHeM (a); OCHOBHBIE MapaMeTpsl (b); YepTexk JTMHEUKN ¢ KOHYCHOCTBIO (C)

10

8 MN

(o))
T
T

Effort, MN

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Time, s Time, s

Fig. 5. Graphs of force on the piercing mill rolls during computer modeling:
basic model (a); model with modified calibration (b)

Puc. 5. Tpaduku ycuiust Ha BaJIK{ MPOLUIMBHOTO CTaHA IPH KOMIIBIOTEPHOM MOJICITUPOBAHUH:
6a3oBast MOIeIb (@); MOJIENTb ¢ U3MEHEHHOH KaauOpoBKoii (b)
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The force graph on the rolls of the piercing mill
validates that the calibration was accurately performed
(Fig. 5).

This enhanced tool calibration effectively minimizes
workpiece runout along the piercing axis, as evidenced
by a considerable reduction in the piercing force (Fig. 5).
The graphs demonstrate that piercing the workpiece with
improved tool calibration can reduce the force exerted
on the rolls from 8 to 5 MN.

The results of the FEM measurements for the hollow
billets” geometric parameters revealed minor relative
deviations:

— the average outside diameter did not surpass 0.8 %
(within the standard tolerance of 1 %);

— the wall thickness deviations did not exceed 1.4 %
(with a standard tolerance of £5 %).

Blanks refined with improved roll and guide shoe
calibration have been successfully tested at the EZTM
piercing mill and are now being utilized to manufacture
hollow billets in Shop No. 1 of JSC Seversky Pipe Plant.

[ ConcLusions

The paper proposes a technical solution to enhance the
stability of piercing CCW on screw rolling mills. It sug-
gested adding a special thickening (hump) on the roll
input cone and altering the calibration of its input sec-
tion on the guide shoe, enabling the workpiece to engage
with the rolls sooner — before the initial capture and prior
to the deformation of CCW metal by the rolls.

To evaluate and refine this solution, tasks for FEM
modeling of the screw piercing process with a redesigned
tapered roll and guide shoe were established and comp-
leted.

The FEM modeling results confirmed that utilizing
improved tool calibration could significantly reduce
workpiece runout in the deformation zone and lower
the force on the rolls from 8 to 5 MN. The FEM-derived
measurements of the hollow billets’ geometric param-
eters showed negligible relative deviations, all within
acceptable regulatory standards.
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