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Аннотация. Процесс винтовой прошивки заготовки – это процесс со сложным цикличным характером течения металла в очаге дефор-

мации. Настройка инструмента деформации и его калибровка, а также точность подачи заготовки и выдачи гильзы из очага деформации 
оказывают существенное влияние на качество гильзы: точность размеров и наличие дефектов на внутренней и наружной поверхности 
гильзы. В работе предложено техническое решение повышения стабильности ведения процесса прошивки непрерывнолитой заготовки 
на станах винтовой прокатки. Реализация идеи предполагает применение усовершенствованной калибровки инструмента прошивного 
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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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 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 
axial ly 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 tole rance 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 failu re 
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 

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) 

Рис. 1. Отклонение заготовки от оси прокатки 
при первичном захвате: 

эксцентриситет осей заготовки и прокатки (а); 
угол наклона заготовки (b)

стана. Для обеспечения центровки заготовки и стабильной ее подачи по оси прокатки прошивного стана предложено добавить на входном 
конусе валка специальное его утолщение (гребень), а на линейке изменить калибровку входного ее участка с целью более ранней встречи 
заготовки с валками – до первичного захвата валками заготовки, т. е. до начала деформации валками металла непрерывнолитой заго-
товки. Для проверки и корректировки предлагаемого решения были поставлены и решены задачи конечно-элементного моделирования 
процесса винтовой прошивки с измененной конструкцией грибовидного валка и линейки. Решение задач осуществлялось в программном 
комплексе QForm 3D. Результаты конечно-элементного моделирования показали, что применение усовершенствованной калибровки 
инструмента позволяет улучшить центровку заготовки и обеспечить стабильную ее подачу по оси прокатки прошивного стана. За счет 
этого удается снизить биение заготовки в очаге деформации и тем самым снизить усилие на валках с 8 до 5 МН. Результаты замеров 
геометрических параметров гильз, полученные при помощи конечно-элементного моделирования, показали незначительные относи-
тельные отклонения, которые укладываются в нормативные пределы. 

Ключевые слова: винтовая прошивка, точность размеров гильз, энергосиловые параметры процесса, компьютерное моделирование, твердо-
тельная модель, стабильность процесса прошивки, МКЭ-моделирование
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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, 

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 mode ling 
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: τ = ψτs , where 
τ is the friction stress, MPa, ψ is the friction index, and 
τs 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

Параметры настройки прошивного стана

Distance between The piercing head extending 
beyond the rolls overclamping, mm

Angle of, deg Rolls 
speed, rpmthe rolls, mm the guide shoes, mm feeding rolling

253 286 100 9.5 12 30

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

Рис. 2. Очаг деформации при прошивке заготовки 
в валках с гребнем на входном участке
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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

Рис. 3. Твердотельная модель процесса прошивки заготовки (а) и демонстрация стабильности первичного захвата 
и накопления деформации при прошивке в валках с гребнем (b) в программе QForm 3D

Fig. 4. Parameters of the hump on the roll and ruler:
drawing of the roll with a hump (а); main parameters (b); drawing of the ruler with a taper (c)  

Рис. 4. Параметры гребня на валке и линейки: 
чертеж валка с гребнем (а); основные параметры (b); чертеж линейки с конусностью (c)

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

Рис. 5. Графики усилия на валки прошивного стана при компьютерном моделировании: 
базовая модель (а); модель с измененной калибровкой (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 utili zing 
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 
accep table regulatory standards.
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