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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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INVESTIGATION OF THE KINEMATICS
OF ROLLING RIBS AND PIPES
ON A CONTINUOUS RADIAL-SHIFTING MILL
OF A NEW CONSTRUCTION

Abstract. When using a continuous cast piece to press bars or pipes in a new mill, the deformation must be
carried out in the most efficient way, so that a better structure of the metal can be obtained. For a new continuous
pressing mill, a possible solution to this problem is to use helical rolls with rational geometric dimensions of the pro-
trusions and hollows. The use of helical rolls with rational sizes of protrusions and hollows will intensively deform
the metal of the workpiece within the required reduction of the workpiece. In the study of kinematics of pressing,
helical rolls with different sizes of protrusions and hollows were used. Their use made it possible to establish the
dependence of the rate of metal yield from the deformation center on the technological regimes of deformation in
helical-shaped rolls and to determine the more effective geometric dimensions of the protrusions and hollows of
these rolls. It is shown that the deformation of the metal during rolling on the radial-shear mill is realized with sliding
of the workpiece relative to the rolls. Slip occurs due to the discrepancy between the speed of the screw movement of
the workpiece in the area of deformation of the speed of rotation of the rolls. The quality of steel products depends
on the magnitude of sliding, as well as other technical and economic indicators of production. It is established that
when rolling on a radial-shear mill, the speed of the workpiece movement is less than the speed of the rolls. The
kinematics of the process is analyzed analytically and formulas are derived to determine the rate of roll slippage
relative to the workpiece in the zones of the hollow of the workpiece.

Keywords: helical-shaped rolls, matrix, process kinematics, rod, workpiece, slippage, tangential and axial
components of slip and velocities.

Introduction. Rods and pipes are widely used in all industries. They are used, both in the form of
finished products, and in the form of semi-finished products for the production of a number of metal
products. It should be noted that at present there is a significant interest in ponds and pipes, which has
ultrafine-grained (UFG) or nanocrystalline (NC) structure. This is due to the unique physical and mecha-
nical properties of such materials, which are significantly higher than the similar properties of coarser
polycrystalline materials [1-6].

One of the most promising ways to obtain a UFG or NC structure in metallic materials is the use of
severe plastic deformation (SPD), when a combination of nonmonotonic and intense deformation breaks
down the metal structure [1-6]. When using a nonmonotonic SPD, without changing the shape and geo-
metric dimensions of the workpiece, the angle between the directions of deformation is changed
consequently by 90° and 180°. Such deformation leads to the development of macro-shear deformations
along its cross-section, which contributes to the intensive generation of new dislocations, the evolution of
the dislocation structure, and the rearrangement of the small-angle boundaries of the structure fragments
into high-angle structures [7]. Particularly widely used is the method of equal-channel angular (ECA)
pressing [4-6]. It should be noted that to date, none of the methods of SPD, including ECA-pressing, does
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not allow obtaining industrial products that are acceptable in shape and size [7]. First of all, this concerns
the possibility of structuring metal in long products, such as bars, pipes and wires.

Of the SPD methods that allow to obtain long-length products with significant changes in micro-
structure and mechanical properties, it is necessary to note the cross-screw rolling, or rather its appea-
rance, singled out by its authors in a separate way with the name "Radial Shear Rolling" (RSR) [8-12].
RSR is defined as a special case of stationary helical rolling in the region of large feeding angles (16—
18 deg, and more), in rolls with special calibration for deformation of continuous workpieces of constant
cross-section.

At the heart of the RSR method is the trajectory control of the motion of the deformable metal [9,13].
In the focus of deformation, a helicoidal outflow of metal is created with the braking of the outer layer of
the preform and the acceleration of the internal layer. In this case, in the outer layer each element under-
goes compression deformation along the radius of the workpiece and the direction of flow (along the
screw path). Multidirectional flows cause intensive shearing movements in the volume of rolled metal,
which leads to a considerable grinding of the structural structure. The metal acquires a characteristic finely
dispersed structure that is practically not available for other stationary methods of metal processing. In
terms of its morphological pattern, structure and properties, the metal after the RSR becomes a material of
new quality. There is a complex increase and stabilization of the physico-mechanical and service pro-
perties of the metal at a level exceeding the traditional properties of the material [11].

In terms of the overall structure, the RSR mills are identical to the helical rolling mill used for the
production of seamless hot-rolled pipes [13]. The main difference between these technological processes
is that during the production of pipes, a "loosening" of the central zone of the circular billet (pipe piercing)
is created, and during the process of the RSR, the metal of the billet is consolidated throughout the cross
section. The theory, technology and equipment for the implementation of the RSR process are presented in
[10-12].

The first industrial tests of radial-shear rolling technology were carried out at the Verkhne-Saldinsky
metallurgical production association [11]. Using the results obtained, the RSR-130 radial shear rolling mill
was designed and put into operation, designed to produce high-quality bars of titanium alloys. The design
of the mill allows for reverse rolling. The working cage of the RSR-130 is made in the form of a cast die-
cast frame, in cylindrical bores at which the drums with rigidly fixed roller assemblies are placed at an
angle of 120°. The distance between them is changed by moving the drums into the guide rails by means
of the roll setting mechanism. The rotation of the rolls to the required feed angle is achieved by rotating
the drums in the cylindrical bores of the frame by the action of the rotation mechanisms of the drum. In
the working position, the lid adjoins the base of the frame with support surfaces and is pressed with a tie,
ensuring the integrity and high stiffness of the frame together with the hinged connection and screed.

As a way of conducting transshipment in the line of the RSR-130 mill, a scheme for changing the
rolls is provided by tilting the lid of the stand with the drum in it [12]. When transshipment, the lower
rollers with rolls openly located at the bottom of the frame are replaced by a crane. To replace the upper
drum with the roller, a special stand is used.

It should be noted that the RSR mill consists of two stands [12]. The roughing stand works in reverse
mode. It produces 9-11 passes with single draw coefficients of 1.15-1.25. Such a regime excludes the
possibility of deformation heating, since the temperature range of deformation of titanium alloys is rather
narrow. The maximum diameter of the blank for the roughing stand is 160, and the minimum rolling
diameter after rolling is 75 mm. The design of the finishing stand is similar to roughing. It produces a
single pass and ensures high accuracy of the produced bars, minimal curvature and a smooth surface. The
maximum diameter of the roll for the finishing stand is 110, and the bar after rolling is 65 mm. That is, the
deformation capabilities of the roughing stand in this case are not fully used.

The rod produced in the RSR-130 mill with a diameter of 75-90 mm is fed to the longitudinal rolling
mill 450 and rolled onto bars of 18—65 mm in diameter [12]. The resulting bars have a homogeneous
globular metal structure.

In work [12] the technical characteristics of working stands of the RSR are presented. On the largest
of them, RSR-500 uses a maximum diameter 450 billet and a minimum diameter of 120 mm is rolled in a
roughing mill and 150 and 90 mm respectively in a finishing stand. The rough cage is reversible, several
passages are made in it, in the finishing is one pass.
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Thus, the disadvantage of RSR mills is the impossibility of rolling bars by continuous mode, the
relatively complex design of equipment and the use of a large number of passes to produce bars with
precise geometric dimensions and ultrafine-grained structure.

In the present work, a new combined method for creating a stable submicrocrystal structure is
proposed: intense plastic deformation by the method of radial shear rolling with a combination of pressing
(figure 1) [14].

Figure 1 — Device for continuous pressing of rods: 1 - working stand,
2 and 3 - rolls; 4 - matrix; 5 - blank; 6 and 7 - are projection sand hollows of the rolls; 8 - aperture of a pressmatrix

The device for continuous pressing of rods comprises a main drive, a work stand, rolls rotating in one
direction and a die. The rolls have smooth and undulating cone-shaped gripping and crimping portions,
respectively, and calibrating cylindrical portions. The protrusions or hollows of wavy cone-like sections
having the same width and corresponding height or depth are made along a helical line with an angle
between the tangent to the helical line and a line passing through the point of tangency along the gene-
ratrix perpendicular to the base of the roll equal to 45° to 60°.

The rods are pressed in the following way. The workpiece is fed into the gap between the rolls, and is
gradually deformed by the protrusions and valleys of corrugated cone-shaped areas. With this deforma-
tion, the workpiece rotationally translates in the direction of rolling and extruded through the aperture of a
press matrix.

The use of this method and the pressing device ensures the rolling of the bars by a continuous mode,
efficient grinding of the metal structure throughout the cross section of the workpiece due to the develop-
ment of shear deformations and reduction of the rolling force. Effective grinding of the structure creates
the conditions for obtaining high-quality products.

The purpose of the work is to study the kinematics of the deformation process and physical and
mechanical phenomena in the process of continuous pressing of rods on a new plant and to obtain new
scientific knowledge about the laws of the mechanics of rolling processes in screw-like rolls, depending
on the specific features of the technologies used and the design of the tool, the development of techniques
for searching for effective deformation modes, ensuring the production of quality rods.

Materials and the method of the experiment. When using a continuous cast piece for pressing bars
or pipes on a new mill, the deformation must be carried out in the most efficient way so that a better
structure of the metal can be obtained. For a new continuous pressing mill, a possible solution to this
problem is to use helical rolls with rational geometric dimensions of the protrusions and valleys. The use
of helical rolls with rational sizes of protrusions and valleys will intensively deform the metal of the
workpiece within the required reduction of the workpiece. To determine the effective geometric dimen-
sions of the protrusions and cavities of these rolls, the kinematics of the process of pressing the rods on a
new mill was investigated.

— 100 ——
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It is known [15-17] that when the circumferential speed of the circular roll stock preparation is
exceeded, rolling is carried out ahead of time, therefore, n > 1, and vice versa, when the circumferential
speed of the peripheral speed rolls is exceeded, the rolling stock is lagged, therefore, n < 1.

It should be noted that when rolling ahead and behind, the flow of metal along the roll surface is
carried out with sliding [16,17]. In this case, the slip, appearing when rolling in screw-like rolls ahead of
time, does not affect the quality of the rods. However, when rolling in screw-like rolls with a lag in the
bars, surface and internal defects may appear.

In general case the slip value can be determined by the speed coefficient during rolling in helical rolls
in the absence of axial movement of the workpiece [15, 16]:

where v, - circumferential velocity of the corresponding workpiece surfaces; v, — circumferential roll

speed corresponding to these surfaces.

It should be emphasized that the lower the speed coefficient, the greater the slip between the
workpiece and the rolls [17].

The circumferential velocity of any point on the surface of a screw-like roll of diameter D; can be
determined from the formula [15, 16]:

7-D;-n
v, =————

i 0 (1)
where n — rotational speed.

When investigating the kinematics of the radial shear rolling process, it is necessary to take into
account the position of the helical rolls with respect to the rolling axis, i.e., the feed angle B. In this case, it
is necessary to emphasize that the rotational-translational movement of the preform in the deformation
region is divided into tangential and axial components [16-18]. The tangential components of the speed of
the roll impart a rotational motion to the workpiece, the axial components are translational motion.

It has been established [16, 17] that the tangential and axial components of the slip more significantly
affect the productivity of the process, the surface defects of the rods, and the intensity of the deformation
effect of the rolls on the metal structure. Consequently, the tangential and axial components of the slip,
respectively, influence the study of the structure of the peripheral and axial zones of the workpiece. With
radial shear rolling, the tangential and axial velocity components are used to estimate the tangential and
axial slip components. With the increase in these coefficients, the quality of the rod surface is increased.
For the quantitative determination of the tangential and axial components of the slip in any section of the
deformation center:

..

n,=—", @)
Un’
v,

Ny =—> (3)
1Y)

where 7., n, — coefficients of tangential and axial velocity components at different points of the
workpiece surface; v';, v',; and vy, v,; — tangential and axial velocity components at various points of the
surface of the workpiece and the roll.

When studying the kinematics of radial shear rolling, the velocity components at various points of the
rod surface are usually determined by the following formulas [17]:

v, =V, -cosf “)
v, =, -sinf. &)

Using the law of constancy of seconds volumes [15], we express the axial rolling speed in the helical-
shaped rolls in the examined cross-section through the bar speed at the exit from the deformation center.
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The condition of the constancy of the seconds volumes for rolling in screw-like rolls can be written in the
form:

Viof0 =01 = Ui,th,z = Ui,SFi,S =m0k (6)

where v;; — axial flow velocities of the workpiece metal in the depressions or protrusions of the screw-like
roll; F; - cross-sectional area of the workpiece, deformed in the corresponding sections of the screw-like
roll and at the exit from the deformation center; vaFy - the axial velocity and cross-sectional area of the
workpiece at the exit from the deformation center, respectively.

From (6) we obtain the following formula:

Vjj+1 = (Di,jF i,j)/F ij+2 = VijUijs
where u; — coefficient of drawing the workpiece, deformable in the corresponding section of the screw-
like roll.

It should be noted [15], that for any point lying on the surface of a helical-shaped roll and located in
some section remote from one of the ends of the rolls, we can write the following equations (without
gliding):

- circumferential speed of the roll:

Uxe = 0y * Ry, (7)

where R, — the radius of the roll in the examined section; ®, — angular velocity of the roll (without slip);
- circumferential rotational speed of the workpiece at the feed angle £:
Vg3 = Uye'COSP = 0, R, COSP,; ®)
- axial billet speed at feed angle 5:
Vos = @ Ry sing; ©)
- the angular velocity of the billet in the considered section (without slip):
@; = w5 CosP(R,/ry), (10)

where r, — radius of workpiece in the examined section.
In operation, the angle of elevation of the helical line p'of the screw-like roll was used as an addi-
tional parameter in determining the kinematic conditions of the deformation process in the mill:

, S
tgff =——,
&f=—
where S — pitch of helix; d — diameter of the workpiece.
The values of S and d were determined by specifying the dimensions of the screw line on the helical-
shaped rolls. The speeds of the translational and rotational motion of the workpiece during the motion
along the helical line were determined, using the relations (2) - (5) will be equal to:

U;i :Ui'US.Sinﬂ’:ninoi :'noi'ui'Sinﬂ; (11)
Uz'i =0, 7], ~cos ' = NVy =15 U; €08 B, (12)

where 7,, — coefficient of speed along the screw line of the helical roll.
From relations (11) and (12), we can establish the following relationship between the angles £ and /',
which can later be used to determine the tangential velocity coefficient:
7701‘ thB
1gf'=—1gff or =1, (13)
s 1gp
In the method of continuous pressing, the extrusion of metal through the die aperture is effected by
contact friction of the rotating screw-like rolls formed on the contact surface and by the deformable bar
stock. In this connection, the value of the contact area of the workpiece with the tool largely determines
the pressing pressure, the torque in the screw-like rolls and the power of the electric drive of the instal-
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lation, etc. When two (3) rotating rolls are grasped by the bar stock, it is crimped and moved along
the rolls due to its rotational and translational motion. After this, the metal is completely filled with the
protrusions and hollows of the helical rolls and the growth of the contact area between them until
the moment of reaching the forces of active friction sufficient to extrude the metal into the channel of the
matrix.

Therefore, the gripping zones in the initial stage of deformation should provide the pressure
necessary to completely fill the protrusions and hollows of the helical rolls and create pressure for metal
extrusion.

As noted above, when pressing the bars, problems may arise due to the creation of insufficient
pressure to extrude the metal and the poor quality of the products due to surface defects and the
appearance of cracks on the surface of the workpiece. One of the reasons for the reduction in pressure and
the formation of defects is the slippage of the working surface of the rolls relative to the compressible
workpiece.

In order to determine the slippage of the roll relative to the workpiece and to identify the most
effective deformation mode and the tool design at which minimal slip is observed, using the procedure
given in [19], the kinematics of the deformation process using a new continuous pressing device was
researched.

When the workpiece is deformed and pressed through the matrix by rotating rolls, the workpiece
performs translational and rotational motion (figure 2). It is assumed that during rolling by screw-like
rolls, the corresponding sections of the workpiece 1 rotate at an angular velocity ®;, and the sections of the
rolls 2, that are corresponded to these sections of the workpiece, have an angular velocity ®;;. At the same
time, in the corresponding sections of the workpiece, there are circles with a radius r,; and corresponding
radii R,; on the roll, where the linear velocities of the workpiece and rolls v; are the same.

Figure 2 — Scheme for calculating the kinematics of the rolling process in helical-shaped rolls

In this case, the angular velocities of the workpiece and rolls in the corresponding sections can be
determined by the formula:

D.
0),:—[, a)li =_l. (14)

The points of the metal of the workpiece located in the hollow of the rolls have the following linear
velocity:

v
v .= 1, ="%p. (15)
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The points on the projecting roll surface have the following linear velocity:

R..
v, =0, R, =0, (16)

Slippage of the workpiece and the roll in the corresponding sections characterize the following
difference in speeds:

R, r.
Al/i:UH(;i_U(ﬁi: i_i .Ui' (17)
‘ - ROi roi
In this case, the relative rate of slippage in the hollows of the workpiece can be determined from
formula:

AV, R, A
g ="iolm T (18)
Ui Roi rui

On the basis of the analysis of the above formulas, we found that the slippage of blanks relative to the
rolls depends on the position of the radii r,;andR,; of the circles, where the velocities are the same. The
position of these circles depends on the shape of the hollows of the workpiece, the friction value, the tem-
perature of the workpiece and rolls, and other factors. The locations of the circles were estimated using the
coefficient.

ko =—t, (19)

where h; — the distance from the hollow of the workpiece to the point on the workpiece and the roll with
identical speeds in the corresponding sections; H; — the height of the workpiece protrusion in the
corresponding sections.

In this case, the relative rate of slippage in the corresponding section can be determined from
formula:

R, 7.
‘9' — Hi _ Hi .
l RHi + ki (RHi _Rei) Ty + ki (Vm' - rgi) 20

Results and discussion. In the study the calculation of the relative slip velocity in the valley of the
rolls was performed. At the same time, the coefficient «k» was varied in the range of 0.3—0.8. Table and
figure 3 present results of the calculations.

Analysis of the results shows that the relative slippage speed of the workpiece relative to the rolls
depends on the coefficient k. With an increase of £, the relative speed of slip also increases. The calculated
results showed that the lower the relative slip speed, the better the conditions for extruding the metal of the
workpiece and the probability of cracks and peeling on the surface of the pressed bars decreseases.

The results of calculating slip during rolling in helical rolls have shown that tangential and axial slip
components are not very sensitive to the change in technological factors and mainly depend on the angle
of rise of the helix line f' or the angle between the tangent to the helix and the line passing through the

Relative speed of sliding during rolling by screw-like rollers

k Fg, MM 7y, mm R,, mm Ry, mm 79, MM Ry, mm 9,
0.3 15 24 71 80 17.7 73.7 0.476048
0.4 15 24 71 80 18.6 74.6 0.531868
0.5 15 24 71 80 19.5 75.5 0.580744
0.6 15 24 71 80 20.4 76.4 0.623652
0.7 15 24 71 80 21.3 77.3 0.661406
0.8 15 24 71 90 22.2 78.2 0.694684
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Figure 3 — Dependence of the relative slip velocity on the coefficient «k» when pressing by screw-like rollers

point of tangency along the generatrix perpendicular to the base felling. When the feed angle is not more
than 1° and the helix line is not more than 45°, these component slides have equal values. As the angle of
ascent decreases, the tangential component increases, and the axial component decreases. The reason for
this distribution of tangential and axial slip components is the predominant metal flow along the valleys of
the helical tool.

Various design and technological possibilities of the device for continuous pressing of rods are
reflected in the kinematic conditions of deformation. Thus, for the considering device with screw-like rolls
of tangential and axial velocity components at different points of the surface, the workpieces are equal at a
feed angle of not more than 1° and lifting of the screw line 45°. As the angle of ascent decreases, the tan-
gential velocity component increases, and the axial component decreases. At the same time, the circum-
ferential velocities along the length of the deformation center are uneven.

Inequality of circumferential speeds during radial-shear rolling is caused by the influence of the
design of the technological tool (helical-cone roller design). The ratio of the roll diameter D; to the
diameter d; of the workpiece, and also the tangential slip along the length of the deformation center will be
variable. Along with this, the screw movement of the metal in the deformation is realized with a constant
angular velocity zone from the inlet to the exit from, if one does not take in to account the rolling with
minor torsion of the rolled stock in screw-like rolls. In connection with this, further development of speed
and slip between the helical rolls and the deformable workpiece can be used in the design of a radial-shear
mill with screw-like rolls.

When the rods and tubes are pressed in the proposed device, rolling in a radial shear mill can be
performed at large feed angles (B > 20°) and large single compressions (¢ > 5%). Under such rolling
conditions, the deformation center will be relatively short, and the axial movement of the metal in the feed
step is large. Under such rolling circumstances, the tangential component of the frictional forces will not
develop much, and the tangential component of the rolling speed will be smaller in value in comparison
with the analogous value of the roll [2]. In connection with this, at the proposed radial-shear mill tangen-
tial sliding can be significant, in comparison with other known mills.

Analysis of the calculation results showed that when rolling in screw-like rolls, the most rational
values of the tangential and axial velocity and slip components can be used for rolling with a feed angle of
15-20 degrees with the helix angle of the screw-like roll equal to 25 to 30 degrees.

When rolling the proposed radial-shear mill with screw-like rolls, the widest areas of the contact
surface of the workpiece with rolls are the initial zones of the deformation center. Therefore, these zones
are the dominant areas where high-speed deformation conditions develop in the process of metal reduc-
tion. In comparison with the rest of the contact surface, the tangential component of the frictional forces
will develop more. These sections give the workpiece an angular velocity and the corresponding metal
flow velocity, depending on the geometric dimensions of the helical tool. It can be noted that the speed of
these sections over the entire rolling period will be constant, while the velocity and geometric conditions
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of the metal flow will not coincide with other parts of the deformation center. For the rest of the pressed
metal, the front zones of the deformation focus are the force and kinematic parameters. It should be noted
that these sections adjust the velocity, geometric and other differences along the length of the deformation
center to certain uniform boundary.

Thus, when rolling in a radial-shear mill with helical rolls, tangential sliding can be influenced by
changing the feed angle and the angle of the helix. As the feed angle and the angle of elevation of the heli-
cal line increase, the tangential velocity coefficient increases. Changes in speed, boundary, dimensional
and other conditions of rolling in screw-like rolls it is possible to adjust the coefficient of tangential
velocity.

It should be noted that axial slip, in contrast to tangential sliding, has a more complex dependence on
the design of the helical roll and technological factors. Axial slip varies in sufficiently wide intervals with
a change in the feed angle and the angle of the helix and the geometric dimensions of the screw-like swath
and the array of the device. From the above, the relationship of axial slip to rolling regimes, structural fea-
tures of the radial-shear mill (cage) and, in general, to pressing technology, is not quite evident. On the
basis of recent data, it can be noted that, unlike tangential slip, it is promising to find ways to control axial
slip. Optimization of ways to control the values of axial slip can significantly improve the quantitative and
qualitative performance of the equipment.

Axial slip occurs over the entire length of the deformation center, its magnitude increases in the
direction of the matrix in accordance with the growing values of the extruded workpiece. It should be
noted that for rolling slip is a natural process, without which it is impossible to carry out the pressing pro-
cess. However, its presence, in the case of a significant delay in the speed of rotation of the workpiece
from the speed of the rolls, can reduce the quality parameters of the rod surface and reduce the produc-
tivity of the installation. The results of the calculation showed that the smaller the height of the protrusion
of the helical rolls, the greater the slip. However, in accordance with the law of constancy of seconds
volumes, an increase in the rate of deformation in the initial sections of the workpiece will lead to an
increase in the speed of axial displacement at the end of the deformation center and in the matrix.

The proposed design of the radial-shear mill allows wide variation of the value of the coefficients of
tangential and axial velocities. When rolling on a radial-shear mill with screw-like rolls with a small angle
of lift of the helical line, the tangential velocity coefficient is larger and the axial velocity coefficient is
less than on the helical-shaped rolls with a large angle of the helix. It can be noted that when rolling in
screw-like rolls with a large angle of elevation, the axial component of metal velocity predominates
significantly in the kinematics of the process, rather than the tangential component, as in helical-shaped
rolls with a small angle of ascent. Therefore, the process of pressing bars on the proposed device will be
more dependent on factors that negatively affect the axial slip.

Analysis of the data obtained shows that tangential and axial slip are significantly influenced by
factors that change the coefficient of friction at the contact surface of the metal with the tool. First of all,
this refers to the roughness of the rolls and the presence of helical protrusions and depressions on their
surfaces. With a smooth surface of the rolls, the axial velocity coefficient decreases, and in the presence of
roughnesses or screw-like protrusions and depressions on the surface of the rolls, it increases and will be
the greater, the larger the protrusions and depressions of the rolls.

According to the results of the research, it was established, in comparison with screw-like rolls, that
rolls with smooth working surfaces can not provide high speed parameters of rolling. This is due to the
fact that rolling in such rolls is carried out with a lag of the axial component of the speed of the rod from
the speed of the rolls. The most noticeable effect on axial slip is the angle of the helix of the helical rolls.
When the workpiece is deformed in screw-like rolls with a small angle of lifting of the helical line, the
tangential component of the workpiece speed exceeds by two or more times the axial component of the
speed of the rolls. On these rollers, with an angle of 45°, the tangential component approaches the axial
component of the billet speed. When pressing rods using screw-like rolls, the productivity of the device
also increases.

The presence of screw-shaped protrusions and valleys on the surface of the rolls does not allow the
workpiece to rotate in the center of deformation and contributes to an increase in the pitch of the metal,
and thus to its stretching by the feed step. It is known [17] that with a larger feed step, the single compres-
sions increase and so do, the surface quality of the rod.
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Large single compressions and metal movements along the helical line intensively deform the
structure of the metal of the billet [19, 20]. Therefore, in comparison with the rollers, an even surface, the
screw-like rolls at a high rolling speed will grind the metal structure well, both in the axial and peripheral
zones of the rod. This is most important when pressing continuously cast billets, when the axial porosity
of the rod can not be eliminated by the technological conditions of rolling due to an increase in the reduc-
tion of the metal. In this case, the use of screw-like rollers, which, due to the development of intense
plastic deformation, provides a good study of the structure of the metal, an increase in the productivity of
the installation and an improvement in product quality are achieved.

It is found that in the proposed tool the opposite arrangement of the projections or valleys of the rolls
relative to each other also allows intensively deform the metal structure.

Conclusions.

1. Formulas have derived that allow to determine the slippage speed of the roll relative to the work-
piece in the zones of the hollow of the workpiece.

2. An analysis of the results obtained showed that the low slippage speed of the workpiece relative to
the roll takes place at small values of the coefficient .

3. It is shown that when rolling in screw-like rolls, sliding occurs due to the discrepancy between the
speed of the screw movement of the workpiece in the area of deformation of the rotation speed of the rolls.

4. It is established that the use of helical rolls with rational sizes of protrusions and valleys intensively
deforms the metal of the workpiece within the required reduction of the workpiece.

5. Using the kinematics of the rolling process in a radial-shear mill, the dependence of the velocity of
the metal exit from the deformation center on the technological deformation modes was established, and
the more effective geometric dimensions of the protrusions and valleys of these rolls were defined.
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KYPBUIBIMBI ’KAHA Y3IIKCI3 PAJUAJIBJABI-bIFBICTBIPY OPHATBIH/IA HIBIBBIK ITEH
KYBbIPJbI WJIEMJIEY NPOILECIHIH KHHEMATUKACBIH 3EPTTEY

AnnHoranus. JXaHa KOHIBIPFBIIA KYOBIP MEH IIBIOBIKTHI OacmakTam jkacaraH Ke3jie Y3MIIKCi3 MailblHaaMaHbl
KOJIIaHy, METaJUT KYPBUIBIMBIH JKaKChl OHICYI KAMTaMAChI3 €TETIHTHIM HOTIDKEIII TOCUIMEH nedopMarius icKe achl-
pyasl Kaxer ereni. XKaHa y3mikci3 OacmakTay KOHABIPFBICH! YIIIH OCHIHIAM MOCENCHI ISy IiH JKOJbI OOJIBII, IIIbI-
FBIHKBUTBIFBI MEH OHBIMIAPBIHAA YTEIMJIBI eJeMep 0ap OypaHmaisl MimiHOUTIKTep i Koigany caHanaabl. [IIbFeH-
KBUTBIFBI MCH OWBIMIApBIHAA YTHIMIBI eieMaep Oap OypaHmaisl MiNIHOUTIKTEPAi KOJJaH Ke3/e, Taual eTUIeTiH
JKAHIIYy I[IEeTIMEH JailblHIaMaHbIH KYpPbUIBIMBIH KapKbIHIbI JedopManusiiayra Oonanpl. bacmakrayablH KuHeMa-
THUKACBIH 3€PTTETCH Ke3/€ MIBIFRIHKBUIBIFEI MEH OWBIMIIApbIHIA OPTYPIIi enmemaep Oap OypaHmaisl MmiHOUTIKTEp I
Konpanbuiabl. Ochl OypaHaanbl milmiHOLTIKTEpal Koyiaany, neopMaiusiay bl TEXHOJIOTHUIBIK pexiMaepine Oaii-
JIAHBICTHI JieopManus OLIarbIHAH METAJJIbIH IIBIFY JKbUIJAM/BIFBIH JKOHE OChI MINIHOUTIKTEPAIH UIBIFbIHKBLIBIFbI
MEH OWBIMIAPBIHBIH HOTHIKEI FeOMETPHUSUIIBIK OJIIeMIepiH aHbIKTayFa MYMKIHAIK O0epi. Pajnanbabl-bIFbicy OpHa-
FBIHJIA WIEMJIETeH Ke3Jle MeTanjbl JeopManysuiay, NaiblHIaMaHbIH MIIIIHOUIIKKE KaThICThl ChIPFaHAybIMEH iCKe
aCBIPBUIATBHIHABIFEI Makaiana kepcetiunmi. Jedopmainus omarbiHIa AalbIHIAMAHBIH OYpaHIAIbI KO3FAJIBICHIHBIH
JKBUIIAMIBIFBI TIIIIHOUTIKTIH aifHaIy KbUIIaMIBIMCH COMKEC KeJIMEYIHEH ChIpFaHay Maiiia OOJaThIHIBIFBI KYMBICTA
aiTeuIIBL. CHIPFYABIH MOJIICPIHCH OHIMHIH calachl KOHE TarblIa 0acka OHIIPICTIH TEXHUKA-IKOHOMHUKAIBIK KOp-
CETKIIITEPIi TOyeITi OONATHIHIBIFEI MaKalala aHBIKTAIBL. PaauaisIbl-bIFBICY OPHAFBIHIA WIEMICTEH Ke3/1e JalbIH-
JIaMaHbIH KO3FaJIbIC KbUIIAMIBIFBI MIIITHOUTIK KbUTAaMIBIFBIHAH Killli 00JIATBIHIBIFI )KYMBICTA TaOBUTABL. JKyYMEBICTa,
JafbIHIaMaHBIH OWBIM alfMarbIHIa e opMalrsIaHaThIH JalbIHIAMAaFa KaThICTHI MIIITHOUTIKTIH ChIpFaHay JKbUIIaM-
IIBIFBIH aHBIKTayFa MYMKIHIIK OepeTiH GopMyanap mIbFapbUIFaH.

Tyiiin ce3aep: OypaHIambl MIIiHOUTIK, YAKAIBII, IPOLECTIH KHHEMAaTHKACH, IIBIOBIK, JaiibIHIaMa, CBIpFaHay,
CBIPFaHay MEH JKbUIIaMIbIKThIH TAHT€HIHAJI/Ibl )KOHE OCBhTIK KypaylIbLIaphbl.
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HNCCIEJOBAHUE KMHEMATUKHU ITPOLECCA ITPOKATKHA IPYTKOB U TPYb
HA HENIPEPBIBHOM PAJIMAJIBHO-CABUT'OBOM CTAHE
HOBOM KOHCTPYKIIMA

AnHotanusi. [Ipu uCronb30BaHUM HENPEPHIBHOIMTON 3aroTOBKH JUIsl MPECCOBAHUS MPYTKOB WIH TPYO Ha
HOBOIi YCTaHOBKe Jle(hopMaliusi JODKHA OCYIIECTBISITECS Hanbosee 3pQEeKTUBHBIM CIIOCOOOM, YTOOBI MOXKHO OBLIO
JIOOUTBCS JTydllied MpopaboTKU CTPYKTYphbl Metaiuia. Jljisi HOBOM yCTaHOBKM HENPEPBIBHOTO MPECCOBAHUS BO3MOXK-
HbIM PCUHICHUEM TaKOﬁ 3aJa4u sBJISICTCS HCIIOJIb30BaHUS BI/IHTOO6p33HbIX BaJIKOB C pallMOHAJIbHBIMU T'€COMETPU-
YECKMMHU pasMEpaMu BBICTYIIOB W BIIaJIUH. le/IMeHeHI/Ie BI/IHTOO6pa3HI)IX BaJIKOB C palMOHaJIbHBIMU pasMepaMu
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BEICTYIIOB W BIIQJWH, OyJeT MHTEHCHBHO Ae()OpMHpPOBATh METALT 3arOTOBKH B Ipenenax TpeOyeMoro o0KaTus
3aroToBkH. [Ipy McciaemoBaHNN KHHEMATHUKA MPECCOBAHUS OBLIM HMCIIOJB30BAHBI BUHTOOOPA3HBIE BAJKU C Pa3iIdd-
HBIMH pa3MepaM# BBICTYIIOB M BHAAWHBL. VX HCIIONB30BaHHE MMO3BOJMIO YCTAaHOBUTH 3aBUCHMOCTH CKOPOCTH BBI-
X0/Ia MeTaJia U3 o4ara e)opMali OT TEXHOJIOTHYECKUX PEXKUMOB Ae(hOPMUPOBAHUS B BUHTOOOPA3HBIX BallKax U
ornpenenuts Oonee dPPEKTUBHBIE FEOMETPUUECKHE Pa3Mephbl BBHICTYIIOB W BIIJMH AaHHBIX BaskoB. [lokazaHo, 4To
nedopmanys MeTayua P MPOKaTKe Ha paJnalbHO-CABUTOBOM CTaHE OCYIIECTBIISIETCS CO CKOIBKEHHEM 3arOTOBKH
OTHOCHUTENBHO BaJIKOB. CKONbXEHHE BO3HUKACT BCIIEACTBUE HECOOTBETCTBHMS CKOPOCTH BHHTOBOIO I€peMellie-
HUsI 3arOTOBKH B OYare Je)opMaiMi CKOPOCTH BpalieHUs BaJKOB. OT BEJMYMHBI CKOJBXKECHUS 3aBUCAT KaueCTBO
METAJUIONPOIYKIIUHY, a TaKXKe JPyrue TeXHUKO-DKOHOMHUYECKHE MOKa3aTeNnyu MPOU3BOJCTBA. Y CTaHOBIEHA, YTO MPH
IMPOKAaTKe Ha pajuaIbHO-CABUIOBOM CTaHE CKOPOCTb IEPEMELIEHUS 3arOTOBKUM MEHBIIE CKOPOCTH BAJIKOB.
AHaTMTHYECKUM CIIOCOOOM HCCIIeIoBaHa KMHEMATHKa MPOLecca U BhIBEAEHB! ()OPMYJIBI, TIO3BOJISIONINE ONPEACISTh
CKOPOCTb IIPOCKAIIb3bIBAHUS BaJIKa OTHOCUTENIBLHO 3arOTOBKH B 30HAX BIIAJMHBI 3aTOTOBKU.

KiroueBsble ci10Ba: BUHTOOOpa3HBIE BAIKH, MAaTPHUIla, KHHEMATHKA IpoIiecca, MMPYTOK, 3aTOTOBKA, CKOJIBKCHHE,
TaHTEHINAJHHBIC H OCEBBIE COCTABILIIONINE CKOBKEHHUS 1 CKOPOCTEH.
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