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Підготовка розкату по переділах трубопрокатного агрегата  
Abstract. Purpose. The aim of this work is to examine rolling processes with variable deformation modes by transferring 
part of this deformation from the mill under consideration to the preceding mill, as well as to develop a process for pre-
paring the billet ends by transverse planetary burnishing with idle rolls. Methodology. Using the slip-line method, the 
forces acting on the idle rolls during transverse planetary burnishing of the billet end, as well as the torque and power of 
the burnishing process, were determined. The thinning of the wall at the front end of the billet during its preparation by 
transverse planetary burnishing with idle rolls was analytically established. Findings. One of the main reserves for further 
increasing productivity, saving metal, and improving geometric dimensions in the production of hot-rolled seamless pipes 
is the use of variable deformation modes across the wall thickness. Examples of additional operations carried out on 
various pipe-rolling mills are considered, demonstrating their high efficiency. For the design of a method for preparing the 
front ends of billets, planetary rolling processes applied in pipe-rolling production were analyzed. Originality. The method 
of transferring part of the deformation from the main mill to the preceding mill has been further developed, which signifi-
cantly improves rolling conditions in the main mill and enhances its performance indicators. Practical value. The process 
of transverse planetary burnishing of billet ends appears highly promising and warrants further research and development. 
The results of this work can be applied in selecting the most rational method of metal preparation for rolling, taking into 
account the specific technology of a given pipe-rolling mill. 
Key words: hot-rolled pipe, pipe-rolling mill, billet, mandrel, plug, end preparation, skew rolling piercer, transverse plan-
etary burnishing, slip-line method, rolling force, rolling torque, rolling power, productivity. 
 
Анотація. Мета. Метою цієї роботи є дослідження процесів прокатки зі змінними режимами деформації шля-
хом передачі частини цієї деформації з розглянутого стану на попередній, а також розробка процесу підгото-
вки торців заготовок поперечним планетарним вигладжуванням холостими валками. Методика. За допомо-
гою методу ковзання визначалися сили, що діють на холості валки під час поперечного планетарного вигла-
джування торця заготовки, а також крутний момент і потужність процесу вигладжування. Аналітично вста-
новлено стоншення стінки на передньому кінці заготовки під час її підготовки поперечним планетарним вигла-
джуванням холостими валками. Результати. Одним з основних резервів подальшого підвищення продуктив-
ності, економії металу та покращення геометричних розмірів у виробництві гарячекатаних безшовних труб є 
використання змінних режимів деформації по товщині стінки. Розглянуто приклади додаткових операцій, що 
виконуються на різних трубопрокатних станах, що демонструють їх високу ефективність. Для розробки ме-
тоду підготовки передніх торців заготовок проаналізовано процеси планетарної прокатки, що застосову-
ються в трубопрокатному виробництві. Оригінальність. Розроблено метод передачі частини деформації з 
основного стану на попередній, що значно покращує умови прокатки в основному стані та підвищує його про-
дуктивні показники. Практична цінність. Процес поперечного планетарного вигладжування торців загото-
вок є дуже перспективним і потребує подальших досліджень і розробок. Результати цієї роботи можуть бути 
застосовані при виборі найбільш раціонального методу підготовки металу до прокатки з урахуванням специ-
фіки технології даного трубопрокатного стану. 
Ключові слова: гарячекатана труба, трубопрокатний стан, заготовка, оправка, пробка, підготовка торців, 
косопрокатний пробивний стан, поперечне планетарне вигладжування, метод ковзання, сила прокатки, крут-
ний момент прокатки, сила прокатки, продуктивність. 

 
Introduction. The production of hot-rolled seam-

less pipes of a wide dimensional and grade range is 
carried out on various pipe-rolling mills (PRMs), the 
characteristics of which are defined by the main rolling 
mill, which deforms the billet on a mandrel into a rough 
pipe. Different types of rolling mills are known, includ-
ing pilger mills, continuous mills, automatic mills, Assel 
three-roll mills, rail mills, Disher mills, and others [1]. 
The bulk of hot-rolled pipe production is performed on 
PRMs equipped with pilger, continuous, automatic, 
and Assel three-roll mills. 

One of the principal directions in the advancement 
of metallurgy worldwide is resource conservation and 

environmental protection [1], which necessitates the 
improvement of existing technological processes as 
well as the creation of new ones, in line with scientific 
and technological progress. Due to intense competi-
tion in global pipe markets, the key indicators of pro-
duction efficiency are competitive cost and product 
quality. 

Studies conducted in [2] have shown that one of the 
main reserves for further increasing productivity, sav-
ing metal, and improving dimensional accuracy in the 
production of hot-rolled seamless pipes is the use of 
variable deformation regimes across the wall thick-
ness. In particular, variation of wall thickness along the 
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pipe length in mills incorporated into PRMs of different 
types can be realized either by adjusting the roll gap or 
by shifting the mandrel during rolling. The method of 
transferring part of the deformation from the main mill 
to the preceding mill has been further developed, 
which significantly improves rolling conditions in the 
main mill and enhances its performance indicators. Ex-
amples of such technology include various operations 
for preparing the front and rear ends of billets and 
shells prior to pipe rolling. 

In general, the technological process in a PRM con-
sists of four production modules (fig. 1): module 1 – 
metal preparation for rolling; module 2 – billet piercing 
to obtain a hollow shell; module 3 – rolling of the rough 
pipe; module 4 – production of the finished pipe.  

Each module includes the following main opera-
tions: 

Module 1: 1.1 – division of the billet into measured 
sections; 1.2 – heating of the billet to the hot defor-
mation temperature; 1.3 – hydraulic scale removal; 

Module 2: 2.1 – piercing of the billet into a shell on 
a skew-roll mill; 2.2 – piercing of the billet into a cup on 
a press and subsequent elongation; 2.3 – preheating 
of the hollow billet (cup); 

Module 3: 3.1 – rolling of pipes on various mills of 
periodic (pilger) and longitudinal (automatic, continu-
ous, etc.) rolling; 3.2 – rolling of pipes on screw rolling 
mills (Assel, Diescher, and planetary mills); 3.3 – addi-
tional reeling of pipes; 

Module 4: 4.1 – heating of pipes; 4.2 – calibration 
(reducing, reducing with stretching); 4.3 – hot and cold 
straightening of pipes. 

 
Figure 1 – Generalized technological scheme of pipe production on PRM of various types. 
 
Features of pipe production on different PRMs [1]. 

The process of producing pipes on PRMs with pilger 
mills has gained widespread use worldwide for manu-
facturing pipes with outer diameters ranging from 60 
mm to 800 mm, which is determined by the roll diame-
ters of the pilger mill. These units allow the production 
of pipes from various types of initial billets, including 
ingots from stationary casting, continuously cast billets 
(CCB), as well as centrifugally cast, rolled, forged, and 
other billets. One of the advantages of producing pipes 
on these PRMs is the possibility of obtaining thick-

walled pipes of considerable length, as well as profiled 
pipes made from various steels and alloys. On PRMs 
with pilger mills, it is economically feasible to produce 
both small and large batches of pipes. At the same 
time, this process is characterized by increased metal 
consumption due to technologically unavoidable 
losses in the final trim: the starter and pilger head. 

The average value of the metal consumption coef-
ficient (MCC) for hot-rolled oil pipelines and general-
purpose pipes, according to SE “UkrDIPROMEZ” is 
presented in table 1. 

 
Table 1 – MCC (t/t) for hot-rolled oil pipeline and general-purpose pipes on different types of PRMs 

Type of pipes 
With automatic mill 
«140» 

With Pilger mill 
With three-roll roll-
ing mill 

With continuous mill 
«30-102» 

Carbon 1,067–1,083 1,20 1,060 1,066–1,077 

Alloyed 1,087–1,103 1,24 1,080 1,087–1,091 

High-alloy 1,107 1,32 1,100 – 

 
According to the data presented in table 1, the high-

est metal losses are observed on PRMs with pilger 
mills, which is associated with the presence of the 
starter and pilger head, which are removed during roll-
ing. In this case, metal losses in the starter account for 
20–25%, and in the pilger head 75–80% of the total 
technological trim on the pilger mill. The main metal 
loss in the trim occurs during the rolling of thin-walled 
𝐷

𝑆
= 12,5 ÷ 40,0 and extra-thin-walled 

𝐷

𝑆
> 40,0 pipes. 

On PRMs with Assel three-roll mills, pipes are ob-

tained with a ratio 
𝐷

𝑆
< 11,0, that results in an MCC 

value significantly lower than on PRMs with pilger mills. 
These pipes are mainly used as billets for the produc-
tion of ball bearings. 

PRMs with automatic mills have gained the widest 
global use due to their versatility in producing pipes of 
a wide range of sizes and grades. They are economi-
cally feasible for rolling both large and small batches of 
pipes. The MCC values on these PRMs are compara-
ble to those on continuous mills and three-roll mills. 

Over the last 50 years, PRMs with continuous mills 
have experienced the greatest development worldwide 
due to their high productivity, high pipe quality, and de-
gree of automation. They are used to produce high-
precision pipes with diameters up to 426 mm. 

Increased metal losses during pipe production on 
PRMs with automatic and continuous mills occur when 
using the pipe reducing technology with stretching, 
which leads to increased trimming of thickened pipe 
ends. 
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Problem statement. Further improvement of the 
hot-rolled seamless pipe production process to en-
hance its technical and economic performance is as-
sociated with the use of variable deformation modes 
by adjusting the main rolling parameters, as well as by 
transferring part of the deformation from the main mill 
to the preceding mill. 

Aim and objectives of the research. The aim of this 
work is to consider the second approach, analyze so-
lutions for preparing the ends of the billet on different 
PRM mills, and develop a process for preparing billet 
ends using planetary rolling with idle rolls. 

Research results. To improve the hot-rolled pipe 
production process on different types of PRMs, it is ad-
visable to perform additional operations on the 

preceding mill to reduce deformations on the mill under 
consideration. A structural diagram of the main opera-
tions on the PRM is shown in fig. 2. The main opera-
tions include the following: 1 – preparation of the billet 
for piercing on a skew-roll mill; 2 – piercing of the billet 
into a shell on the skew-roll mill; 3 – rolling of the shell 
into a rough pipe (first pass); 4 – rolling of the rough 
pipe (second pass); 5 – production of the finished pipe. 

Let us consider the use of additional operations per-
formed on the preceding mill to improve the rolling pro-
cess on the main (subsequent) mill. The additional op-
erations listed are not exhaustive, as the number of 
such operations is quite large. New additional opera-
tions allow the expansion of the structural diagram pre-
sented in fig. 2. 

 

 
Figure 2 – Structural diagram of the main operations on the PRM with metal preparation in preceding opera-

tions 
 
Preparation of the billet for piercing on the skew-roll 

mill: 1.1 – profiling of the ends and centering of the bil-
let faces; 1.2 – preliminary upsetting of the CCB on the 
radial-shear rolling mill (RSR); 1.3 – profiling of the cy-
lindrical surface of the billet. 

Piercing of the billet into a shell on the skew-roll mill: 
2.1 – preparation (profiling) of the shell ends; 2.2 – 
preparation of the rear ends of the shells; 2.3 – obtain-
ing shells with longitudinal wall thickness variation. 

Rolling of the shell into a rough pipe (first pass): 
3.1 – rolling of the pipe with thinned ends on the pilger 
mill; 3.2 – thinning of the front ends of the pipes on the 
automatic mill; 3.3 – thinning of the pipe ends on the 
continuous mill. 

Rolling of the rough pipe (second pass): 4.1 – 
changing the roll gap of the rolling mill along the pipe 
length. 

Let us consider examples of performing additional 
operations (positions 1.1–1.3, fig. 2) to improve the 
piercing of the billet on the skew-roll mill. 

The process of filling and releasing the deformation 
zone during skew-roll piercing is accompanied by in-
tensive transverse deformation of the front and rear 
ends of the billet. This is explained by the absence, 
during these periods of the process, of so-called «rigid 
ends» that restrain transverse deformation. As a result, 
axial drawing occurs at the front and rear faces, the 
magnitude of which depends on the upsetting and the 
number of deformation cycles. At the end of the pierc-
ing process, the number of deformation cycles of the 

metal in front of the mandrel tip increases, raising the 
likelihood of opening the axial cavity. The formation of 
such a cavity leads to internal defects at the ends of 
the shells and pipes. 

Studies [3, 4] have shown that profiling the front and 
rear ends of billets with a spherical convex surface al-
lows the introduction of the necessary metal volume for 
the mandrel tip, which acts as a «rigid end» and re-
strains transverse metal deformation. This improves 
gripping conditions, reduces the number of defor-
mation cycles, decreases axial drawing, increases the 
accuracy of the shell and pipe ends, and reduces the 
number of internal end laps [5]. It should be noted that 
such preparation of billet ends in the PRM line is prob-
lematic without introducing an additional operation and 
installing the corresponding equipment. This can be 
considered a factor limiting the implementation of such 
a billet-end preparation process in production. A known 
proposal for preparing the rear ends of billets during 
piercing on the skew-roll mill [6] involves initially cen-
tering the front end of the billet while supporting the 
rear end with an additional centering head, and center-
ing the rear end of the billet at the moment it enters the 
piercing roll gap. This method of billet preparation al-
lows increasing the processing accuracy of the result-
ing products by eliminating misalignment between the 
billet and the piercing axis. To center the axial drawing 
at the rear end, the centering head is pressed with a 
force that prevents it from pushing out of the drawing 
and moves at the same speed as the billet end. This 
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method improves the accuracy of the pierced product 
ends and, consequently, reduces metal consumption 
due to technological trimming.  

At «UralNDTI», it was proposed to pierce billets 
with a wavy profile on the lateral surface [7]. The inter-
mittent contact of the metal with the rolls and the fine 
deformation significantly reduce the negative influence 
of frictional backing forces, creating conditions for pre-
dominant metal flow in the axial direction. Experimental 
studies on piercing billets with a wavy profile demon-
strated an increase in the critical upsetting by 2,8÷4,0 
times and a reduction of the energy-force parameters 
of the piercing process by 18÷30% compared to the 
existing parameters for piercing cylindrical billets [7]. 

Let us consider examples of performing additional 
operations (positions 2.1–2.3, fig. 2) to improve the roll-
ing of the rough pipe (first pass). To enhance hot pilger 
pipe rolling in the unstable «starter» mode, the prepa-
ration of the front ends of shells is known to be applied 
[8]. Improvement of the starter mode conditions occurs 
due to the transfer of part of the metal deformation to 
the preceding mill, for example, the piercing mill. This 
allows reducing metal losses in the trim at the front 
(starter) end of the pipe and shortening the duration of 
the starter mode, thereby increasing the productivity of 
the pilger mill.  

Expansion of the size range at the stage of increas-

ing 
𝐷

𝑆
 the pipes rolled on PRMs with Assel three-roll 

mills is achieved by thinning the rear end of the shell 
during its piercing on the skew-roll mill. Reducing de-
formation when rolling the rear ends of shells on the 
Assel three-roll mill decreases transverse deformation, 
which allows rolling the main part of the pipe with a 
thinner wall [9]. 

On PRMs with the automatic mill 350, a new rolling 
technology has been developed and implemented, 
which reduces longitudinal wall thickness variation of 
pipes, averaging 0,2÷0,5 mm. This variation is primar-
ily caused by temperature differences along the length 
of the shell formed during billet piercing, which induces 
changes in the elastic deformation of the automatic mill 
working stand. The new technology [10] involves roll-
ing shells on the piercing mill with wall thickness in-
creasing from the front to the rear end by expanding 
the rolls during piercing. During subsequent rolling of 
these shells on the automatic mill, increasing billet 
compression compensates for the temperature gradi-
ent along the shell, stabilizing roll forces and the gap 
between them. 

To implement the piercing process, a tensioning 
device equipped with a program-controlled automatic 
system was developed. The system ensures the spec-
ified radial displacement of the rolls. Reducing longitu-
dinal wall thickness variation allowed a decrease in av-
erage wall thickness by 0,044 mm, correspondingly re-
ducing metal consumption by 5 kg per ton of finished 
pipe. 

Let us consider examples of performing additional 
operations (positions 3.1–3.3, fig. 2) to improve the 
rough pipe rolling (second pass). 

A known technology [11] involves rolling pipes on 
the pilger mill with thickened ends corresponding to the 
starter end and the pilger head. By reducing metal de-
formation, metal losses in the starter end and pilger 
head are significantly reduced. In addition, this ensures 
the removal of the pipe from the mandrel during rolling 

of thin-walled pipes with 
𝐷

𝑆
= 12,5 ÷ 40,0.  

The preparation of pipe billets for reducing on the 
preceding stages of the technological process has 
been considered in works [12, 13] and others. One of 
the main approaches to reducing metal waste during 
hot pipe reducing is to vary the deformation along the 
pipe length. In this case, deformation is redistributed 
between two stages of the technological process: in 
the part of the pipe where the required degree of de-
formation cannot be achieved in the reducing mill, it is 
increased at the preceding PRM stage. 

The most effective method realizing this approach 
is to change the deformation zone by converging or di-
verging the working rolls directly during pipe rolling. 
Two methods of implementing this approach are 
known: on existing equipment outside or in addition to 
the main technological process, and on existing equip-
ment within the normal technological flow. 

On PRMs with the automatic mill 140, when rolling 
rough pipes with diameters of 84÷118 mm and wall 
thicknesses of 3,4÷12 mm, their ends were thinned 
over a length of 600÷1800 mm, with additional wall 
compression at the ends of 0,25÷1,0 mm. During sub-
sequent reducing with stretching into pipes with diam-
eters of 28÷76 mm and wall thicknesses of 3,2÷12 mm, 
a metal saving of 900 t/year was achieved. The in-
crease in length of the reduced and calibrated pipes 
was within 2,7÷5,4% and 2,8÷4,6%, respectively, and 
metal savings were also achieved due to reducing the 
billet length when rolling pipes of measured length by 
5% [14]. 

Let us consider an example of performing an addi-
tional operation (position 4.1, fig. 2). 

On PRMs with the automatic mill 350, the trans-
verse wall thickness variation of the pipe 𝛥𝑆к end sec-
tions is 1,5÷2,0 times greater than the variation in their 
middle section. M.I. Khanin proposed that, to utilize the 
tolerance range of thickened pipe ends on PRMs with 
automatic mill 350, the wall thickness of the pipe 
should be adjusted at the final stage of its shaping on 
the rolling mill [15]. 

For this purpose, during the rolling of the pipe end 
sections, it is necessary to change the distance be-
tween the rolls: the rolls are converged at the front end 
of the pipe and diverged at the rear end. It is advisable 
to implement roll displacement during rolling using the 
pressure device of the rolling mill. The rolling technol-
ogy on the rolling mill is as follows [15]. After the front 
end of the pipe exits the rolls by 0,4÷0,6 m, the rolls are 
converged by a specified amount using the mill’s pres-
sure device, increasing wall compression by 𝛥 = 0,1 ÷
0,3 mm. The middle section of the pipe is rolled at a 
constant distance between the rolls, which differs from 
the initial distance by the amount of their convergence. 
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As the rear end of the pipe approaches the deformation 
zone, the rolls are diverged back to their original posi-
tion. The completion of roll divergence should corre-
spond to a distance of 0,4÷0,6 m from the rear pipe 
end to the deformation zone. The rear end of the pipe 
is rolled according to the mill setting specified in the 
rolling schedule. Roll movement during rolling should 
be performed in automatic mode. 

Methods for preparing the front ends of shells be-
fore rolling. These methods are discussed in detail in 
[8]. Preparation of the front ends of shells is known pri-
marily on the skew-roll piercing mill and in the off-line 
charging section of the pilger mill. The most rational 
method for preparing shell ends on the piercing mill is 
compression using idle rolls at the exit side of the stand 
on the mandrel, utilizing the forces of the piercing pro-
cess. Studies of this process on PRMs with pilger mills 

at 6 − 12″ і 5 − 12″ and at PJSC «Interpipe-NTZ» 
showed its high efficiency, increasing the productivity 
of the pilger mill by 3÷4% and reducing metal con-
sumption by 1,5÷2,5%. Examples of preparing the 
front ends of shells in the off-line charging section of 
the pilger mill include deformation of the shell front end 
on a temporary mandrel using a four-ram hydraulic 
press and on a planetary-type rolling machine. The 
most promising direction is the use of planetary skew-
roll (transverse) mills. In planetary skew-roll mills, the 
rolls rotate planetarily around a stationary billet, contin-
uously deforming it in a steady-state mode. Further re-
search on the process of skew-roll (transverse) plane-
tary rolling is necessary for the preparation of the front 
ends of shells. 

Planetary rolling processes in pipe production. Let 
us consider the main directions of using the planetary 
rolling process by deforming metal in idle rolls located 
in a cassette that rotates. 

Rolling in three-roll (PSW) and four-roll (KRM) plan-
etary mills [1]. Planetary skew-roll mills differ from tra-
ditional screw rolling mills in that the work stand with 
rolls rotates around the pipe, rather than the pipe itself 
rotating. Rolling in a rotating stand was first used to 
produce rods and pipes of a wide range of grades from 

non-ferrous metals. The production of seamless pipes 
was initiated on the PSW mill in 1974. On the PSW mill, 
pipes with an outer diameter of 70–219 mm and wall 
thickness of 4,5–6,0 mm are produced, with a ratio of 
𝐷

𝑆
= 8 ÷ 35. The elongation coefficient can reach 𝜇 =

15. 
The company «KOCKS» developed a «new» tech-

nology for producing seamless pipes through a contin-
uous process of transforming a hollow billet into a hot-
rolled pipe (STP process), which uses a four-roll elon-
gator (KRM) whose rolls rotate around the billet. As a 
result, the KRM mill is capable of rolling shells (rough 
pipes) up to 50 m in length. While the rear part of the 
hollow billet is transformed into a shell on the KRM mill, 
the front part begins forming into the finished pipe in 
the reducing-elongation mill. The reducing-elongation 
mill, equipped with adjustable stands, is a continuation 
of developments of traditional PPC mills, based on the 
positive experience of three-roll reducing and calibrat-
ing mills used for rolling wire and rods, and meets the 
requirements of the pipe market. 

Elongation in the KRM mill, reduction in the reduc-
ing-elongation mill, and cutting of pipes on a flying saw 
occur simultaneously on the same billet, eliminating 
additional heating. This technology increases profita-
bility and productivity while also expanding the pipe as-
sortment. 

1. The use of planetary skew-roll mills as expansion 
stands is known [16]. 

2. The principle of planetary rolling was applied in 
[17] for developing a method for preparing the front 
ends of shells before pilger rolling. In the proposed pro-
cess (fig. 3), preparation of the shell end is performed 
on a temporary short cylindrical mandrel, which is re-
moved after preparing the front end of the shell and 
charging it with the mandrel. The installation for plane-
tary rolling of shell ends is located in the off-line charg-
ing section and serves both pilger mills, reducing capi-
tal costs. 

 

 
Figure 3 – Preparation of the front end of the shell on a planetary-type rolling machine: 
1 – shell; 2 – shell clamp; 3 – idle compression rolls; 4 – die plate; 5 – mandrel; 6 – mandrel hydraulic drive; 
 
3. Preparation of the front ends of billets before the 

skew-roll piercing PRM with a three-roll mill using a 
planetary rolling device was proposed by G.M. Kush-
chinsky in the late 1960s [18]. A feature of this installa-
tion is the simultaneous centering of the billet’s front 

end during its preparation. G.M. Kushchinsky’s re-
search demonstrated the feasibility, possibility, and ef-
fectiveness of such billet preparation. 

4. Several processes for using planetary rolling in 
cold deformation of pipes are known. At SE «NDTI» 



 ISSN 1028-2335 (Print) 
Теорія і практика металургії, 2025, № 2 

Theory and Practice of Metallurgy, 2025, No. 2 

 

20 

 

and NMetAU, in order to expand the assortment in the 
production of bearing pipes with diameters less than 
50 mm, a new process of mandrel-less cold trans-
verse-helix rolling was proposed, performed in a plan-
etary stand with a differential drive. Works [19, 20] in 
the field of screw rolling on planetary hot- or cold-rolling 
pipe mills demonstrated the effectiveness of this new 
production method. The main technological feature of 
planetary screw rolling mills is the ability to deform the 

metal gradually. This is achieved through a special 
drive arrangement of the mill: the use of a differential 
gearbox and two main motors (one motor for roll rota-
tion and one for stand rotation). Cold screw rolling was 
performed on a three-roll planetary mill installed at SE 

«NDTI» with roll feed 𝛼 angles of 3∘30′ and 7∘, and a 

stand rotation speed of 𝑛кл – 5 s−1 and 10 s−1. 
The scheme of the planetary mill is shown in fig. 4. 

 

 
Figure 4 – Planetary screw rolling mill: 1 – central gear of the differential gearbox; 2 – working stand; 3 – roll 

motor (central gear); 4 – stand motor; 5 – pipe being rolled; 6 – working roll 
 
Pipes with dimensions 32×3,0 mm, 32×4,0 mm, 

and 36,6×4,7 mm were rolled in a single pass with the 
following deformation degrees: 32×3,0 mm – 4–18% 
relative deformation (𝜀) and 1,0–5,8 mm absolute de-

formation (𝛥𝑑); 32×4,0 mm – 3–22% relative defor-
mation (𝜀) and 1,0–7,0 mm absolute deformation (𝛥𝑑); 
36,6×4,7 mm – 4–18% relative deformation (  ) and 

1,5–6,6 mm absolute deformation (𝛥𝑑). 
The productivity of the cold mandrel-less screw roll-

ing process depends on the rotational speed of the 
planetary stand, the feed angle of the working rolls, 
and the degree of pipe deformation by diameter, and 
ranges from 100 to 250 m/h at a total power of 24 kW. 
The dimensional accuracy of finished bearing pipes is 
0,1–0,3 mm by diameter and 4–5% by wall thickness, 
meeting the requirements of standards for bearing 
pipes. The surface finish of pipes after cold planetary 
rolling can reach 𝑅𝑎 = 1 ÷ 2 𝜇𝑚. The quality of the in-
ternal surface is not deteriorated. 

In Japan, rotational pipe calibration has been devel-
oped, which provides increased dimensional accuracy, 
surface quality, and is characterized by low capital and 
operating costs [21]. The device for rotational calibra-
tion contains a housing with rollers that roll along the 
pipe surface, being installed at a certain angle to the 
pipe axis. The rollers rotate freely on their axes and are 
equipped with drives – the rotation of the housing itself 
provides the drive. The housing moves along the pipe 
similarly to a nut moving along a thread, as it slides 
onto the pipe and moves along a spiral trajectory. This 
ensures that the entire pipe surface is uniformly pro-
cessed. 

By changing the relative angular position of the roll-
ers, the gauge diameter can be adjusted. Each of the 
two roller housings is mounted on separate carriages. 
In the second housing, the rollers are installed at an 

angle of opposite sign relative to the rollers of the first 
housing. Both housings rotate in mutually opposite di-
rections, which is necessary to prevent twisting of the 
pipe in the section between the calibration mill and the 
welding position. Both carriages are rigidly connected 
to each other and mounted on guides. The entire as-
sembly of carriages, roller housings, electric motors, 
and gearboxes can freely move along the guides par-
allel to the pipe axis (fig. 5). One feature of the rota-
tional calibration method is that the gauge diameter, 
formed inside the roller housing, is continuously adjust-
able within the range between the upper and lower lim-
its inherent to that housing. Figure 6 shows the change 
in diameter corresponding to the variation of the roller 
installation angle relative to the pipe axis. This allows 
for a reduction in the tool inventory, as a single pair of 
roller housings can calibrate several pipe diameters.  

The pipe passing through the RSM calibration mill 
is processed uniformly along its entire length. 

Currently, the range of pipes suitable for calibration 
on the RSM mill is limited to an outer diameter of 
30÷650 mm and a wall thickness of 0,8÷16 mm. The 
RSM calibration mill has the following advantages: 
high-precision adjustment of pipe tension between the 
welding machine and the calibration mill; on-the-fly 
gauge adjustment; the possibility of producing shaped 
pipes; improved surface roughness of pipes by approx-
imately 30%; quick tool replacement without additional 
costs; gradual and uniform deformation of the pipe ma-
terial; a 50% reduction in energy consumption; the pos-
sibility of use outside the PRM line; and others. 

A known method of continuous cold pipe rolling [22] 
involves deforming the hollow billet 1 in a gauge 
formed by grooved rolls 2 on a mandrel 3, and in a con-
secutively arranged housing 4 that rotates around the 
rolling axis, where planetary rolling of the billet with idle 
rolls is carried out (fig. 7). 
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Figure 5 – General view of the installation for rotational pipe calibration 

 

 
Figure 6 – Diagram of gauge diameter adjustment inside the roller housing 

 

 

 
Figure 7 – Scheme of continuous cold pipe rolling [23]: 

a) general view; b and c) cross-sections A–A and B–B, respectively; 
1 – hollow billet; 2 – grooved roll; 3 – mandrel; 4 – housing with idle rolls 

 
Each cross-section of the billet is compressed in 

both diameter and wall thickness first by the longitudi-
nal rolling rolls, then by the transverse rolling rolls, fol-
lowed again by the longitudinal rolling rolls, and so on. 
In this process, the ratio of relative deformations in wall 
thickness in consecutively arranged gauges – formed 
by the grooved rolls of the longitudinal rolling and in the 
planetary housing with idle rolls rotating around the 

rolling axis – is 0,5÷0,9. This ensures a reduction in the 
degree of work hardening and mitigates the higher 
plastic properties of the metal, i.e., it increases the de-
formability of the metal and the productivity of the pro-
cess due to significantly higher elongation coefficients 
(3,0÷3,8). 

Selection of the planetary scheme for rolling the 
front ends of billets and the parameters of the rollers. 
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Planetary rolling of the front ends of billets (shells) with 
rollers can be carried out according to several 
schemes. Combined rolling with radial feed of the roll-
ers is fairly complex, as it requires an adjustable stop 
for axial fixation of the billet relative to the rollers. In 
addition, for radial feed of the rollers during rotation of 
the roller cassette around the billet, either a collector 
device or flexible hoses for fluid supply are needed. 
Therefore, the second rolling scheme is considered 
more practical, in which the roller cassette moves axi-
ally along the billet to deform its front end. 

Furthermore, planetary rolling of the billet end can 
be performed with a varying number of rollers. The 
number of rollers determines the rotation angle of the 
cassette, in which the rollers are positioned with the 
ability to move radially from the initial position to form 
a conical shape at the billet end. 

If one roller is used, then to form the cone it must 
make one full rotation around the billet plus an addi-
tional rotation corresponding to the indentation depth 
𝛥ℎ. If two rollers are used in the cassette, positioned 
diametrically, the cassette must make one full rotation 
to form the cone. If three rollers are used, positioned at 
an angle of 120∘ o each other, the cassette must rotate 

by 240∘. If four rollers are used, positioned at an angle 
of 90∘ to each other, the cassette must rotate by 180∘, 
i.e., half a turn, to form the cone. We adopt a cassette 
with four rollers.  

Determination of deformation tool parameters. 
These parameters include the diameter and width of 
the rollers. 

The roller diameter is selected by analogy with the 
selection of rolling roll diameters. As is known, the 
working diameter of rolling rolls is determined taking 
into account the allowable bite angle according to the 
formula 

 

𝐷 =
𝛥ℎ

1−𝑐𝑜𝑠 𝛼з
,                 (1) 

 
where 𝛥ℎ – is the absolute indentation; 𝛼з – is the 

bite angle, which should not exceed 30∘, we adopt a 

bite angle of 15∘. 
The absolute indentation for the minimum billet di-

ameter of Ø110 mm, as shown in fig. 8, is 𝛥ℎ = 𝐿к ⋅
𝑡𝑔5∘ = 50 ⋅ 0,0875 = 4,4 mm. 

The absolute indentation for the maximum billet di-
ameter of Ø230 mm, as shown in fig. 8, is 𝛥ℎ = 𝐿к ⋅
𝑡𝑔5∘ = 70 ⋅ 0,0875 = 6,1 mm. 

 

 
Figure 8 – Billets with profiled front ends: 

a) diameter Ø110 mm; b) diameter Ø230 mm 
 
Then, according to formula (1), the roller diameter 

should be: 
– for the minimum billet Ø110 mm 

𝐷
4,4

1−0,9659
 mm𝑚𝑖𝑛; 

– for the maximum billet Ø230 mm 

𝐷
6,1

1−0,9659
 mm𝑚𝑎𝑥. 

We adopt the roller diameter at the billet end face 
plane as 𝐷 = 200 mm. 

When determining the roller width, it should be 
taken into account that the end of the cylindrical billet 
takes a conical shape and elongates in the axial direc-
tion during rolling with conical rollers (fig. 9). Let us de-
termine the length 𝐿з of the billet end, which transitions 
into the specified cone length 𝐿к. We consider the vol-

umes of two bodies: a cylinder with a diameter of 𝐷з 

and a height of  𝐿з and a truncated cone with a base of 
𝐷з and a height of 𝐿к;  From this, we obtain the ratio 

𝐿з = 𝐿к − 2 ⋅
𝐿к

2⋅𝑡𝑔𝛾

𝐷з
+ 1,3 ⋅

𝐿к
3⋅𝑡𝑔2𝛾

𝐷з
2 . 

The calculation showed that the third term can be 
neglected with an error of less than 1%. Based on this, 
we obtain the formula 

𝐿з = 𝐿к −
2⋅𝐿к

2⋅𝑡𝑔𝛾

𝐷з
.                              (2) 

From expression (2), the length 𝐿з for the minimum 
billet with the initial data: 𝐷з = 110 mm; 𝐿к = 50 mm; 

𝛾 = 5∘ will be equal to 𝐿з = 50 −
2⋅502⋅𝑡𝑔5∘

110
= 46 mm. 

From expression (2), the length 𝐿з for the maximum 

billet with the initial data:𝐷з = 110 mm; 𝐿к = 70 mm; 

𝛾 = 5∘ will also be equal to𝐿з = 50 −
2⋅702⋅𝑡𝑔5∘

110
=

66,3 mm. Then, the roller width is taken from the ex-
pression 𝑏р = 𝐿к + 𝛥𝑏1 + 𝛥𝑏2. Where 𝛥𝑏1 is used to 

position the billet relative to the rollers before the start 
of rolling. We adopt initial approximate values  𝛥𝑏1 

and𝛥𝑏2 as 15 mm. Consequently, the roller width will 
be 𝑏р = 𝐿к + 30. 
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Figure 9 – Diagram of roller contact with the billet at the moment of indentation completion: 
1 – billet; 2 – roller 
 
Determination of the forces acting on the roller dur-

ing the rolling process. The forces acting during the 
planetary rolling process are determined at the mo-
ment of maximum roller penetration into the billet. Fig. 
10 shows the force diagram acting on a stationary billet 
from the idle roller when it is inserted by a distance 𝛥ℎ 

and the roller cassette is rotated by an angle of 90∘ 
counterclockwise. The diagram shows the minimum 
billet with a diameter of Ø110 mm and a roller of Ø200 
mm. The magnitude 𝛥ℎ is maximal at the billet’s end 
face and decreases to zero at the point where the billet 
first contacts the roller. The action of the billet on the 
roller can be represented as a single resultant force Р, 

applied at point A, in the middle of the contact arc 𝐶𝐷. 
If the friction forces in the roller trunnions are ne-
glected, this resultant must pass through the roller 
axis – point 𝑂1. When friction in the roller trunnions is 

considered, the direction of the resultant force 𝑃 
changes so that it passes along the tangent to the fric-
tion circle. Then, the torque required to rotate the roller 
is 

𝑀р = 𝑃 ⋅ 𝜇 ⋅
𝑑

2
= 𝑃 ⋅ 𝜌,                                               (3) 

where: 𝜌 =
𝜇⋅𝑑

2
 – radius of the friction circle;  𝜇 – co-

efficient of friction in the roller trunnions;  𝑑 – diameter 
of the roller trunnions. 

 

 
Figure 10 – Diagram of the force interaction between the roller and the billet at the moment of indentation 

completion: 1 – billet; 2 – roller. 
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The force exerted by the roller on the billet, based 
on equilibrium conditions, lies on the same line as force 
P and generates a torque that tends to rotate the billet 
counterclockwise. 

 
𝑀з = 𝑃 ⋅ 𝑎,                                                      (4) 
 

where а = ВО2 − 𝜌;  ВО2 = (𝑅р + 𝑅з − 𝛥ℎ) ⋅ 𝑠𝑖𝑛 𝜃. 

From triangle 𝐴𝐶𝑂1 it follows that 𝜃 = 𝛽 + 𝜑. The 

angle 𝛽 is determined by the point 𝐴 of application of 

the resultant 𝑃 on the roller, and the angle   can be 

found from the relation 𝑠𝑖𝑛 𝜑 =
2⋅𝜌

𝐷р
. The lever arm a of 

the force 𝑃 can now be determined from the equation: 
 

𝑎 = (𝑅р + 𝑅з − 𝛥ℎ) ⋅ 𝑠𝑖𝑛(𝛽 + 𝜑) − 𝜌.                      (5) 

 
Substituting this value of p into expression (4), we 

obtain the moment acting on the billet taking into ac-
count the frictional forces in the roller trunnions. 
We estimate the magnitude of the force 𝑃 as the re-
sultant of the normal pressure forces acting over the 
contact arc 𝐶𝐷 of the roller with the billet when the roller 

is inserted by an amount𝛥ℎ. We assume that the mean 

value of the normal pressure equals р and is uniformly 
distributed over the contact arc 𝐶𝐷 and over the con-
tact patch between the roller and the billet. The contact 
patch is represented as an isosceles triangle whose 
base is the chord of the contact arc 𝐶𝐷 and whose 

height is 𝐿к. We use the slip-line method and consider 
a plane problem. We choose the indentation speed of 
the rollers such that indentation by the prescribed 
amount 𝛥ℎ occurs during one quarter turn of the roller 
cassette around the billet. Obviously, in this position 
the indentation force of the rollers reaches its maxi-
mum. This position is shown in Fig. 11, where a simpli-
fied slip-line field is adopted consisting of two straight 

lines 𝐴𝐶 and 𝐴′𝐶. On the contact surfaces 𝐴𝐵 and 𝐴′𝐵′ 

a constant average pressure 𝑝, directed perpendicular 

to the billet axis and parallel to the roller velocity 𝑣р
′, 

directed along the radius 𝑂1𝐴 (fig. 11). The velocity 𝑣р
′ 

is determined from the relation 
 

𝑣р
′ = 𝑣р ⋅ 𝑠𝑖𝑛 𝛽, 

 
where 𝑣р – the tangential velocity of the center of 

the roller axis 𝑂1 during the cassette’s rotation about 
the workpiece. 

 

 
Figure 11 – Slip-line field at maximum indentation of two diametrically opposed rollers and velocity hodograph: 
1 – roller; 2 – billet 
The error 𝛿, which arises from replacing the pres-

sure normal to the surface𝐴𝐵 with the pressure 𝑝, per-
pendicular to the workpiece axis, is estimated as neg-
ligibly small (at 𝛾 = 5∘), namely: 

 

𝛿 =
𝛥р

Р𝑁
⋅ 100% =

Р𝑁−Р𝑁⋅𝑐𝑜𝑠 𝛾

Р𝑁
⋅ 100% = 0,38%. 

 
The construction of the slip velocity hodograph is 

carried out as follows. From the pole 𝑂 (fig. 11) to an 

arbitrary scale, we lay off the velocities 𝑣р
′ of the rollers 

relative to the center of the workpiece (more precisely, 

to points 𝐴 and 𝐴′) 𝑂𝑃 and𝑂𝑅. In each deformation 

zone 𝐴𝐵𝐶 and 𝐴′𝐵′𝐶 these velocities have two 
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components: 𝑂𝑄 along 𝐴𝐶 and 𝑂𝑄′ along 𝐴′𝐶, as well 

as 𝑃𝑄 and 𝑅𝑄 – he velocities of the metal exiting the 
deformation zone. The upper-limit specific load р is cal-
culated according to Johnson’s method [23, p. 218] us-
ing the equation 

 

р ⋅ АВ =
2⋅𝜎𝑠

√3
⋅ ∫

𝑣ск

𝑣𝑝
′
𝑑𝑠 =

𝑠

2⋅𝜎𝑠

√3
⋅

АС⋅𝑂𝑄

𝑣𝑝
′

.                          (6) 

 
From where, we get 

р =
2⋅𝜎𝑠

√3
⋅

АС⋅𝑂𝑄

АВ⋅ОР
.                                               (7) 

 
The measurements of the segments included in for-

mula (7) on the drawing (Fig. 11) yielded the following 
values: АС = 37 mm; 𝑂𝑄 = 26,5 mm; АВ = 26 mm; 

ОР = 20 mm. Substituting the obtained values into for-
mula (7), we get 

 

р =
2

√3
⋅

37⋅26,5

26⋅20
⋅ 𝜎𝑠 = 2,18 ⋅ 𝜎𝑠. 

 
To determine the yield strength 𝜎𝑠 of the steel, it is 

necessary to know the degree and rate of deformation. 
The degree of deformation 𝜀 is estimated by analogy 
with cylinder upsetting. In our case, it is not upsetting, 
but the elongation of the workpiece end from length 𝐿з 

to length 𝐿к. 
Thus, the degree of deformation during rolling is de-

termined as follows: 

– for the minimum workpiece Ø110 mm 𝜀 =
𝐿к−𝐿з

𝐿з
⋅

100% =
50−46

46
⋅ 100% = 8,7%; 

– for the maximum workpiece Ø230 mm 𝜀 =
𝐿к−𝐿з

𝐿з
⋅

100% =
70−66,3

66,3
⋅ 100% = 5,6%. 

The deformation rate u t=  , where t  – is the 

deformation time, depends on the angular velocity   

of the roller cassette. Thus, if the cassette rotates at a 

speed of 𝑛 = 60 min−1 (𝜔 =
𝜋⋅𝑛

30
= 6,28 s−1), the time 

for the cassette to turn through an angle of  90 will 

be𝑡 = 0,25 s. 
Therefore, the deformation rate of the workpiece 

end during roller finishing will be: 

– for the minimum workpiece Ø110 mm 𝑢 =
0,087

0,25
=

0,35 s−1; 

– for the maximum workpiece Ø230 mm 𝑢 =
0,056

0,25
=

0,22 s−1. 
As an example, we consider a workpiece made of 

steel 45 at a temperature of1200∘С. 
We determine the yield strength of this steel using 

the method of thermomechanical coefficients [24, p. 
212]: 

 
𝜎𝑠 = 𝜎б ⋅ 𝑘𝜀 ⋅ 𝑘𝑢 ⋅ 𝑘𝑇                                            (8) 

where 𝜎б = 86 МПа – the baseline value of defor-

mation resistance [24, p. 212];𝑘𝜀 = 0,93 – the step co-
efficient for the minimum workpiece; 𝑘𝜀 = 0,95 – the 

step coefficient for the maximum workpiece; 𝑘𝑢 = 0,62 
the velocity coefficient for the minimum workpiece; 
𝑘𝑢 = 0,57 the velocity coefficient for the maximum 
workpiece;  𝑘𝑇 = 0,58 the temperature coefficient for 
the workpieces. 

Then, the yield strength will be:  
– for the minimum workpiece Ø110 mm𝜎𝑠 = 86 ⋅

0,93 ⋅ 0,62 ⋅ 0,58 = 28,76 MPa; 

–for the maximum workpiece Ø230 mm 𝜎𝑠 = 86 ⋅
0,95 ⋅ 0,57 ⋅ 0,58 = 27 MPa 

The value of the specific pressure р on sectionsАВ 

and А
′
В

′
 (fig. 11): 

– for the minimum workpiece Ø110 mm р = 2,18 ⋅
28,76 ≈ 62,7 MPa; 

– for the maximum workpiece Ø230 mm р = 2,18 ⋅
27 ≈ 60 MPa. 

For the maximum workpiece, the specific pressure 

р on sections АВ і А
′
В

′
 has also been determined using 

Johnson’s method in the form р = 2,22 ⋅ 𝜎𝑠. Due to its 
identity with the minimum workpiece, the determination 
itself is not presented here. 
To determine the force Р it is necessary to know the 
contact area of the roller with the workpiece, which is 
calculated using the formula: 

 

𝐹к =
1

4
⋅ 𝐿𝐾𝐷 ⋅ 𝐿к,                                                (9) 

 
where 𝐿𝐾𝐷 – the length of the common chord at the 

intersection of the workpiece and roller circles. 
Let us determine the chord length 𝐿𝐾𝐷. According 

to fig. 12, we have two equations for the chord: 
 

𝐿𝐾𝐷 = 2 ⋅ 𝑅р ⋅ 𝑠𝑖𝑛 𝛾1 ; 

𝐿𝐾𝐷 = 2 ⋅ 𝑅з ⋅ 𝑠𝑖𝑛 𝛾2.                                                 (10) 
 
From where, we have one equation: 𝑅р ⋅ 𝑠𝑖𝑛 𝛾1 −

𝑅з ⋅ 𝑠𝑖𝑛 𝛾2 = 0. The second equation is obtained by ex-
pressing the distance between the axes of the roller 
and the workpiece as 𝑅р ⋅ 𝑐𝑜 𝑠 𝛾1 + 𝑅з ⋅ 𝑐𝑜 𝑠 𝛾2 = 𝑅р +

𝑅з − 𝛥ℎ. We thus have a system of two equations with 

two unknowns 1  and 2 : 

 
𝑅р ⋅ 𝑠𝑖𝑛 𝛾1 − 𝑅з ⋅ 𝑠𝑖𝑛 𝛾2 = 0; 

𝑅р ⋅ 𝑐𝑜 𝑠 𝛾1 + 𝑅з ⋅ 𝑐𝑜 𝑠 𝛾2 = 𝑅р + 𝑅з − 𝛥ℎ.                    (11) 

 
Solving this system of equations leads to the follow-

ing expression: 
 

√1 − (
𝑅р

𝑅з

)
2

+ (
𝑅р

𝑅з

)
2

⋅ 𝑐𝑜 𝑠2 𝛾1 +
𝑅р

𝑅з
⋅ 𝑐𝑜 𝑠 𝛾1 =

𝑅р

𝑅з
+ 1 −

𝛥ℎ

𝑅з
. (12) 
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Figure 12 – Diagram for determining the length of the common chord of the roller and workpiece: 
1 – roller; 2 – workpiece 
 
We solve equation (12) for the minimum workpiece 

with respect to 𝛾1 using the following values of the pa-

rameters involved: 
𝑅р

𝑅з
=

100

55
= 1,818; (

𝑅р

𝑅з
)

2

= 1,8182 =

3,305; 𝛥ℎ = 4,4 mm; 
𝛥ℎ

𝑅з
=

4,4

55
= 0,08. As a result of 

solving equation (12), we obtain 𝑐𝑜 𝑠 𝛾1 = 0,984, from 

which 𝛾1 = 10∘20′ follows. 
We solve equation (12) for the maximum workpiece 

with respect to 1  using the following values of the pa-

rameters involved: 
𝑅р

𝑅з
=

100

115
= 0,87; (

𝑅р

𝑅з
)

2

= 0,872 =

0,756; 𝛥ℎ = 6,1 mm; 
𝛥ℎ

𝑅з
=

6,1

115
= 0,053. As a result of 

solving equation (12), we obtain 𝑐𝑜 𝑠 𝛾1 = 0,967, from 

which 𝛾1 = 14∘44′ follows. 
Thus, the chord length according to equation (10) 

is: 
– for the minimum workpiece Ø110 mm 𝐿𝐾𝐷 = 2 ⋅

100 ⋅ 𝑠𝑖𝑛 1 0∘20′ ≈ 36 mm; 
– for the maximum workpiece Ø230 mm 𝐿𝐾𝐷 = 2 ⋅

100 ⋅ 𝑠𝑖𝑛 1 4∘44′ ≈ 51 mm. 
Then, the contact area of the roller with the work-

piece, according to formula (9), will be:  
– for the minimum workpiece Ø110 mm 𝐹к = 0,25 ⋅

36 ⋅ 50 = 450 mm2; 
– for the maximum workpiece Ø230 mm 𝐹к = 0,25 ⋅

51 ⋅ 70 = 892,5 mm2. 
The force F will be:  
– for the minimum workpiece Ø110 mm Р = р ⋅ 𝐹к =

= 62,7 ⋅ 106 ⋅ 450 ⋅ 10−6 = 28215 N=28,2 kN; 
– for the maximum workpiece Ø230 mm Р = р ⋅

𝐹к == 60 ⋅ 106 ⋅ 892,5 ⋅ 10−6 = 53550 N=53,55 kN. 
The torque required to rotate the roller during finish-

ing is determined using formula (3) at 𝜇 = 0,1 and 𝑑 =
0,1 m: 

– for the minimum workpiece Ø110 mm 𝑀р =

28215 ⋅ 0,1 ⋅
0,1

2
= 141,07 N ⋅ 𝑚; 

– for the maximum workpiece Ø230 mm 𝑀р =

28215 ⋅ 0,1 ⋅
0,1

2
= 267,75 N ⋅ 𝑚. 

We determine the angle: 
 

𝜑 = 𝑎𝑟𝑐𝑠𝑖𝑛
2⋅𝜌

𝐷р
= 𝑎𝑟𝑐𝑠𝑖𝑛

2⋅5

200
= 𝑎𝑟𝑐𝑠𝑖𝑛 0 , 05, 

 

where 𝜌 =
𝜇⋅𝑑

2
=

0,1⋅100

2
= 5 mm – the radius of the 

friction circle. 

Thus, the angle 𝜑 ≈ 2∘50′. 

From Fig. 10, it can be seen that the angle 𝛽 =
𝛾1

2
. 

Therefore, for the minimum workpiece Ø110 mm, the 

angle 𝛽 = 5∘10′, and for the maximum workpiece 

Ø230 mm, the angle 𝛽 = 7∘22′. 
Next, using formula (5), we determine the lever arm 

of the force Р: 
– for the minimum workpiece Ø110 mm 𝑎 =

(100 + 55 − 4,4) × 𝑠𝑖𝑛(5∘10′ + 2∘50′) − 5 = 16 mm; 

– for the maximum workpiece Ø230 mm 𝑎 =
(100 + 115 − 6,1) × 𝑠𝑖𝑛(7∘22′ + 2∘50′) − 5 = 32 mm. 

Using formula (4), we calculate the torque tending 
to rotate the workpiece counterclockwise: 

– for the minimum workpiece Ø110 mm 𝑀з =
28215 ⋅ 16 ⋅ 10−3 = 451,44 N ⋅ 𝑚; 

– for the maximum workpiece Ø230 mm 𝑀з =
53550 ⋅ 32 ⋅ 10−3 = 1713,6 N ⋅ 𝑚. 

Thus, the total torque acting on the stationary work-
piece from the four rollers is:  

– for the minimum workpiece Ø110 mm ∑ 𝑀з = 4 ⋅
451,44 ≈ 1806 N ⋅ 𝑚; 

– for the maximum workpiece Ø230 mm ∑ 𝑀з = 4 ⋅
1713,6 ≈ 6854 N ⋅ 𝑚. 
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To rotate the cassette with four rollers, without ac-
counting for friction losses in the drive, the previously 
found total torque on the rollers is required. Then, the 
power needed to rotate the rollers (also without consid-
ering the drive efficiency) will be:  

– for the minimum workpiece Ø110 mm 𝑁 = ∑ 𝑀з ⋅
𝜔к = 1806 ⋅ 6,28 = 11342 𝑊 = 11,34 k𝑊; 

– for the maximum workpiece Ø230 mm 𝑁 = ∑ 𝑀з ⋅
𝜔к = 6854 ⋅ 6,28 = 43043 𝑊 = 43,04 k𝑊. 

Preparation of the front ends of shells on a finishing 
(rolling) machine. The schematic of the planetary fin-
ishing of the front end of a shell on a mandrel is shown 
in fig. 13. In this process, the shell 1 is stationary and 
secured against rotation. Four cylindrical rollers 2 are 
positioned in diametrically opposite planes in pairs, 
with the ability to move along the radii of the shell 
cross-section. Thus, the axes of the forming rollers are 
parallel to the axis of the shell. The movement of each 
roller is driven by a hydraulic cylinder 3, mounted in the 
housing 4. The housing can rotate on a bearing sup-
port 5 and has a gear wheel 6, which receives rotation 

from the drive pinion 7. The shell 1 is mounted on the 
mandrel 8 to a specified distance corresponding to the 
length of the deforming rollers 2. The mandrel is se-
cured against axial displacement. A hydraulic manifold 
9 is installed on the mandrel, which conveys working 
fluid from the stationary mandrel to the rotating housing 
4, and then to each hydraulic cylinder and back to the 
drain. 

The force of the rollers’ penetration into the shell 
wall, as well as the torque applied to housing 4, can be 
varied over a wide range depending on the radial feed 
of the rollers per one rotation of the housing 4. By anal-
ogy with the cutting force on lathes, this force can be 
determined experimentally. Synchronization of the 
gradual movement of the rollers toward the shell center 
can be achieved by known hydraulic methods (adjust-
able throttles, use of false rods, discrete hydraulic 
drives, etc.). 

The penetration of the rollers into the shell wall can 
be limited by displacement sensors on the rods, force 
sensors, or torque sensors.  

 
Figure 13 – Diagram of planetary finishing of the front end of a shell: 

a) main view; b) cross-section A-A in the main view; 
1 – shell; 2 – forming roller; 3 – hydraulic cylinder; 4 – housing; 5 – bearing support; 6 – gear wheel; 7 – drive 
pinion; 8 – mandrel; 9 – hydraulic manifold; 10 – support; 11 – rotation drive 

 
The rollers are cylindrical in shape and move syn-

chronously toward the center of the shell. There is a 
radial clearance between the shell and the mandrel 

(fig. 14) 𝛥𝑟 =
(𝑑г−𝐷опр)

2
. Fig. 14 shows the front end of 

the shell in a diametral section at the moment of com-
pletion of reduction, when the chosen radial clearance 
𝛥𝑟, is set, the deforming rollers have penetrated the 
shell wall by 𝛥𝑅, and the contact length 𝑙 of the rollers 

with the shell has increased by𝛥𝑙. The dashed line in 
fig. 14 shows the initial position of the shell end relative 
to the rollers and mandrel. 

As a result of the reduction, the volume of metal in 
a ring with cross-section 𝐴𝐵𝐶𝐷 s deformed into a ring 

with cross-section𝐴′𝐵′𝐶 ′𝐷′. The volume of the 

ring𝐴𝐵𝐶𝐷 can be determined using the expression: 

𝑉𝐴𝐵𝐶𝐷 = 𝐹т ⋅ 𝑙 =
𝜋

4
⋅ (𝐷г

2 − 𝑑г
2) ⋅ 𝑙,                              (13) 

where 𝐹т – the area of the flat annular cross-section 

𝐴𝐷;  𝐷г – the outer diameter of the shell;  𝑑г – the inner 
diameter of the shell. 

The volume of the ring 𝐴′𝐵′𝐶 ′𝐷′ can be determined 
using the expression: 

𝑉𝐴′𝐵′𝐶 ′𝐷′ = 𝐹т
′ ⋅ (𝑙 + 𝛥𝑙) = 

=
𝜋

4
⋅ [(𝐷г − 2 ⋅ 𝛥𝑅)2 − 𝐷опр

2 ] ⋅ (𝑙 + 𝛥𝑙),                       (14) 

where 𝐹т
′  – the area of the flat annular cross-section 

𝐴′𝐷′. 
Equating expression (13) and expression (14), and 

dividing by 1, we obtain: 

𝐷г
2 − 𝑑г

2 = [(𝐷г − 2 ⋅ 𝛥𝑅)2 − 𝐷опр
2 ] ⋅ (1 +

𝛥𝑙

𝑙
).     (15) 

We have one equation with two unknowns, 𝛥𝑅 and 

𝛥𝑙. 



 ISSN 1028-2335 (Print) 
Теорія і практика металургії, 2025, № 2 

Theory and Practice of Metallurgy, 2025, No. 2 

 

28 

 

 
Figure 14 – Finishing of the shell end with rollers on a mandrel (longitudinal section): 
1 – shell; 2 – forming roller; 3 – mandrel 
 
The second equation is obtained from the incom-

pressibility condition: 
 
𝜀𝑙 + 𝜀𝑅 + 𝜀𝜏 = 0, 
 

where 𝜀𝑙 =
𝛥𝑙

𝑙
 – relative elongation of the shell end 

(positive sign);  𝜀𝑅 =
2⋅𝛥𝑅

𝐷г
 – relative reduction of the 

shell radius (negative sign);𝜀𝜏 =
[𝜋⋅𝐷г−𝜋⋅(𝐷г−2⋅𝛥𝑅)]

(𝜋⋅𝐷г)
=

2⋅𝛥𝑅

𝐷г
 

– relative deformation in the tangential direction (neg-
ative sign).  

Thus, the second equation is: 
 
𝛥𝑙

𝑙
−

4⋅𝛥𝑅

𝐷г
= 0.                                                (16) 

 
Solving equations (15) and (16) simultaneously 

with respect to 𝛥𝑅, we obtain: 
 

𝐷г
2 − 𝑑г

2 = [(𝐷г − 2 ⋅ 𝛥𝑅)2 − 𝐷опр
2 ] ⋅ (1 +

4⋅𝛥𝑅

𝐷г
).  (17) 

 
Equation (17) is cubic with respect to 𝛥𝑅. There-

fore, it is expedient to proceed to a numerical solution. 
Substituting the following initial data into equation 
(17):𝐷г = 320 mm, 𝑑г = 170 mm, 𝐷опр = 164 mm, 𝑙 =

140 mm. 
We obtain the cubic expression: 
 

0,05 ⋅ 𝛥𝑅3 − 12 ⋅ 𝛥𝑅2 − 336,2 ⋅ 𝛥𝑅 + 2004 = 0. 
 
By substituting values of 𝛥𝑅 we find the value of 

𝛥𝑅 = 5,06 mm, that satisfies this equation.  

From equation (16), we obtain 𝛥𝑙 = 8,86 mm. 
The thinning of the shell wall occurs by an amount 

of 

 
𝛥𝑆 = 𝛥𝑅 − 𝛥𝑟 = 5,06 − 3 = 2,06 мм. 
 
Conclusions. 
1. One of the main reserves for further increasing 

productivity, saving material, and improving the accu-
racy of geometric dimensions in the production of hot-
rolled seamless pipes is the use of variable defor-
mation modes across the wall thickness. 

2. The method of transferring part of the defor-
mation from the main pass to the preceding pass has 
been developed, which significantly improves rolling 
conditions in the main pass and enhances its perfor-
mance indicators. 

3. Examples of performing additional operations on 
different passes of the rolling stand have been consid-
ered, demonstrating their high efficiency. 

4. Planetary rolling processes used in pipe rolling 
production for designing the method of preparing the 
front ends of shells have been examined. 

5. Using the slip-line method, the forces acting on 
idle rolls during transverse planetary finishing of the 
shell end, as well as the torque and power of finishing, 
have been determined. 

6. The process of preparing the front end of the 
shell by reducing it without wall-thickness compression 
through transverse planetary finishing with idle rolls 
has been analyzed, and the thinning of the shell wall at 
the front end has been determined analytically. 

7. The process of transverse planetary finishing for 
preparing the ends of billets, shells, and pipes is prom-
ising and requires further research and development. 

8. The results of this work can be used when se-
lecting a rational method for preparing metal for rolling, 
taking into account the technology at a specific rolling 
stand. 
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