Modern Trends in Manufacturing Technologies and Equipment Materials Research Forum LLC

Materials Research Proceedings 21 (2022) 36-42 https://doi.org/10.21741/9781644901755-7

Method for Calculating the Shape of Rolls for Helical Rolling

Sergey Gorbatyuk'?, Boris Belelyubskii®?", Aleksei Karfidov'* and
Sergey Snitko3¢

'National University of Science & Technology MISIS, Leninskiy Prospekt 4, Moscow, Russia
2Moscow Polytechnic University, Bolshaya Semyonovskaya str. 38, Moscow, Russia
3Donetsk National Technical University, Shybankova Square 2, Pokrovsk, Ukraine

asgor02@mail.ru, °nis_mgvmi@mail.ru, ®a.korf@mail.ru, Ysnitko_sa@mail.ru
Keywords: Helical Rolling, Shape of Rolls, Calculation Method, Deformation Zone

Abstract. The paper is devoted to solving the problem of determining the shape of the rolls of
helical rolling mills, depending on the specified profile of the deformation zone. A universal
calculation method has been proposed, thanks to which it is possible to determine the shape of the
working surface of a roll for all types of helical rolling mills (with mushroom-shaped, cup-shaped,
barrel-shaped and disc rolls), any relative arrangement of the rolling axis and rolls axes, and
various locations of the deformation zone on the rolling axis. The proposed method is implemented
as a standalone exe-application with a simple intuitive interface. The application allows you to
output the calculation results into txt-files, which can then be imported into CAD systems to create
3D roll models.

Introduction

Recently, the development of different industry sectors [1-11] requires the solution of various
technological production problems [12-22] and also increases the requirements for the efficiency
and quality of production technologies [23-30]. One of the most promising and profitable methods
to produce high-quality seamless pipes and rods is helical rolling.

In helical rolling, metal deformation occurs between obliquely located rolls, the axes of which
are inclined relative to the rolling axis by a certain angle. Points on the surface of the billet move
along a helical line, performing both rotational and translational movements. This method of metal
forming is widely used for the manufacture of products in the form of bodies of revolution (balls,
axes, pipes, etc.)

When considering many issues related to the helical rolling process, geometric parameters are
the basis. This is explained by the fact that the shape and size of the deformation zone significantly
affect the conditions of rolling, the required shape of the rolls, etc.

Helical rolling mills are generally classified according to the shape of the work rolls into four
main types (figure 1): a - with barrel-shaped rolls, b - with mushroom-shaped rolls, ¢ - with cup-
shaped rolls, d - with disc rolls.

Calculation model of the geometric parameters of the helical rolling process
The calculation method is based on the description of the relative position of the rolling and roll
axes by the values of the angle a and the distance p between them (figure 2).

This was done because during helical rolling the rolling axis and roll axis are skew lines, the
relative position of which is uniquely determined by the values of the angle and the distance
between them. Also, this approach is interesting in that a and p do not depend on the method of
adjusting the work rolls and, therefore, are convenient for analysing processes in stands of various
designs.
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Fig. 1. Types of rolls for helical rolling:

a - barrel-shaped, b - mushroom-shaped, ¢ - cup-shaped, d - disc rolls.
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Fig. 2. Parameters of the relative position of the rolling and roll axes.

Thus, if we introduce the assumption that each i-th section of the deformation zone is processed
by the i-th section of the roll, then to calculate the exact values of the roll radius we need to know:
o — angle between rolling and roll axes;
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p — distance between rolling and roll axes;

x; and y; — coordinates of the points of the deformation zone.

For a given section of the roll, the roll radius is gradually increased by the iterative method, and
the condition is checked whether the points of the circle formed by this radius are outside the billet

AZ <
AY <

As soon as the condition is met, the calculation will be interrupted.
Figure 3 represents a diagram that shows that for all points lying outside the billet, either AY >
Yo, ot AZ> Zyou1. Only for one point of the circle AY will be equal to Y, and AZ will be less than
Zroll, thus, at this point the condition will be fulfilled and the calculation for this section will be

interrupted. The smallest possible radius at which the condition is satisfied on the entire circle will
be the necessary one.
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Fig. 3. 2D-scheme of calculation method.

Figure 4 shows the current point on the circle with coordinates Xo, Yo, Zo, and the arrow shows
the direction of reference. The roll radius R increases until one of the points of the circumference
touches the surface of the billet.
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Fig. 4. 3D-scheme of calculation method.

It is important to note that, firstly, the calculation is performed for each section of the roll, and
not for the deformation zone, which makes it possible to get rid of additional transformations in
the transition from the coordinates associated with the rolling axis to the coordinates associated
with a roll axis. Secondly, a different mathematical model is used, based on simple formulas, which
makes it possible to exclude errors of the roll caliber at values of o > 60° and the correction of the
deformation zone associated with these errors, thus, the roll bends around the billet without
penetrating anywhere ... And, thirdly, this method is suitable for constructing rolls of any type of
mill, including even the cases of a = 0° and o = 90°.

Application for calculating the shape of rolls

To implement the computational method on a computer, it was decided to use Microsoft Visual
Studio 2010 with .NET Framework 4.0 as a programming environment, and C# as a language. All
this allowed us to create an application with an intuitive interface

The basic procedure for the program:

1. The values of a and p and the geometry of the deformation zone profile are specified.

2. The necessary calculations are made: defining the boundaries of the roll and checking the
data for erroneous values.

3. The i-th section of the roll is taken.

4. The radius of the roll in this section is calculated by the iterative method.

5. A calculation is made for each next section of the roll.

6. Data processing and output is in progress.

After entering the required data, pressing the "Roll calculation" button starts the calculation
process. Progress will be reflected to the left of the button - in the progress bar. At the end of the
calculation, a folder with calculation txt-files opens. The resulting txt-files can be used by CAD-
systems as input data for modeling (figure 5).
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Fig. 5. Visualization of the rolling process of a 6 mm bar obtained using the application and
CAD-system KOMPAS-3D V13.
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