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Abstract. Theoretical and experimental studies of the kinematic parameters of the deformation zone during rolling and pressing in
the rollers were performed. The general patterns and characteristic features of the movement of deformable layers of metal in the
deformation zone for each of these methods of processing metals by pressure are established, which allows to classify these
processes, as well as the combined rolling-extrusion process depending on the position of the neutral section in the deformation
zone.

Purpose. Theoretical and experimental studies of the kinematic parameters of stationary deformation zones which clarify the
classification of combined working metals processes.

Approach. When pressing in rollers, the studied material layer at the exit from the deformation zone represents a curve that has two
convexities symmetrical with respect to the axis of symmetry of the deformation zone and concavity along the axis of symmetry of the
deformation zone. During rolling the layer at the exit from the deformation zone represents a concave curve. When rolling-pressing
the shape of the curve at the exit of the deformation zone has a slight crowning near the axis of symmetry of the deformation zone.
Findings. Based on the theoretical and experimental research of the kinematics of the deformation zone, the characteristic features
of the rolling, pressing and combined rolling-pressing processes are defined, which are based on the value of the neutral angle. This
angle determines the slow and leading zones of the stock in the deformation zone during these processes.

Keywords: stock, rolling, rolling with tension, rolling with support, pressing in the die, pressing in rollers, rolling-pressing,
deformation zone, neutral section, neutral angle.

Introduction

Currently, there is a tendency to implement the casting and rolling equipment for production of stock intended for
subsequent processing by cold rolling, drawing and pressing [1-3]. Each of these methods has its advantages and
disadvantages that determine of their use in specific production conditions. In this case, it is necessary to ensure the
quality and accuracy of the product obtained, reduce energy consumption for deformation, simplify operation and
maintenance, ensure the economic efficiency of the selected process of working metals by pressure [4]. In order to best
meet these requirements, in practice, combined working materials processes are increasingly being used, such as:
rolling-drawing, rolling-pressing, etc. [5-8]. In this case, there are increasing requirements to clarify the classification of
these processes, taking into account their characteristic features during the deformation of stock [9].

Purpose

Theoretical and experimental studies of the kinematic parameters of stationary deformation zones to clarify the
classification of combined working metals processes.

Main Content of the Paper

Let us consider the schemes of rolling processes (Fig. 1), pressing (Fig. 2) and rolling-pressing (Fig. 3). In the
figures: 1 — 3 the following notation is used: %, and %, — accordingly the height of the stock with unit width b=1 at

the exit and at the entrance to the deformation zone; ¢, — contact angle of the stock 1 and tools 2 (2, - during rolling,
2, —during pressing in rollers, 2, — during pressing in the die) respectively with radiuses (R,., R,,, R;); L —length
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of the deformation zone; v ! — neutral angle dividing the deformation zone into two sections: the slow zone of the stock
(painted in lilac color) and the leading zone of the stock (painted in yellow); v, and v, — accordingly, the velocity of
the stock at the exit and at the entrance to the deformation zone; 7},  — friction force acting on the stock 1 from the

side of a tool 2 in the slow zone in the direction of v,; T}, , — friction force acting on the stock 1 from the side of tool

2 in the leading zone of the stock in the direction opposite to v ;

]

Fig. 1. Rolling methods: rolling on a smooth barrel (a); front tension rolling (b); rolling with back tension (c);
rolling with pushing (d)
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Fig. 2. Methods of pressing: in the die (a); in the rollers (b)

! Hereinafter in the text and in figures for similar quantities for different methods working metals: rolling, pressing and during
rolling-pressing, the subscript is used, consisting of the first letters of the process name (» — rolling, ,F — rolling with tension, Q —
rolling with back tension, 7,y — rolling with pushing, pr — pressing in rollers, r-pr — rolling-pressing)
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h, u h, —accordingly the height of the stock at a distance X and x, from exit from the deformation zone; v, and

v, —accordingly, the cross section velocity of the stock with height 4, and h,; v — linear tool rotation velocity 2;

M, . — friction moment in the support of a rotating tool 2 with radius 7; M — moment of rolling.
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Fig. 3. Scheme of the rolling-pressing process

Regardless of the working metals method (Fig.: 1 — 3), the velocity of the current section of a stock with a height
h, , based on the condition of material continuity in the deformation zone [9-11]

Vx ()C) =V

1
() # const )

and is not a constant value along the length of the deformation zone (0 <|x| <|L|).

At the same time, the velocity of the neutral section of the stock in the deformation zone (Fig. 1, Fig. 2 b, Fig. 3)
is a constant value

W hy
h, . (x) I +R(1-cosy)

vy (x) =V

=v=const, 2)

and for h, = h, the velocity of the point of the neutral section of the stock on the contact surface with a rotating tool in

the deformation zone is equal to the liner velocity of the rotation of the tool. If A, > A, on the contact surface of the

deformation zone, the velocity of rotation of the tool 2 is greater than velocity of the points of the contact surface of the
stock 1 and the resulting sliding friction force between the stock and the rotating tool 7j, - acts in the direction of

velocity v;, and the area of the deformation zone from the entrance to the deformation zone to the neutral section is the
slow zone of the stock. If %, <#, the velocity of rotation of the tool 2 is less than the velocity of the points of the
contact surface of the stock 1 and the resulting sliding friction force between the stock and the rotating tool 7;, , acts in
the direction opposite to the velocity v, and the area of the deformation zone from the neutral section to the exit from
the deformation zone is the leading zone of the stock. Force interaction 7,  and 7, , provides deformation of the

stock under conditions of all-round compression.
For various rolling methods (Fig. 3), the neutral angle is determined by the equations [10]:
for rolling on a smooth barrel (Fig. 1 a)

. sina, l-cosoy
siny, = -

r=T T (€))

for rolling with back tension (Fig. 1 b)

sina,  1-cosa, Q|
2 2f P PR,

“

siny, o =
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for rolling with front tension (Fig. 1 ¢)

sinay,  I—cosay K

sin YnrF = —= + ; ®)]
2 2‘}( pavber
respectively, for rolling with pushing (Fig. 1 d)
i 1- F
SinYr,FO _sina,  1-cosay N 0 ©)

2 2f  pafbR.

where f — coefficient of external friction in the deformation zone; p,, — average pressure on the contact surface of the
deformation zone.

Analysis of equations (3) — (6) shows that vy, and v, , are always less than 0,50, and vy, -, v, can be
smaller, equal or greater than the 0,50, . In this case, the action of force F, on the stock in the entrance to the
deformation zone is similar to the action of the pressing force (Fig. 2).

For pressing the stock in rollers (Fig. 2, b) the neutral angle v, like the neutral angle when drawing in rollers is

determined by the equation [9, 12]

Y =0, 5ak(l+% , 7)

1o

where f,. = ra reduced friction coefficient taking into account the effect of M , in a roller support with a radius r

”

with friction coefficient in the support f, .

From equation (7) it follows that when pressing v, can take boundary value vy, =0,5a, (if M, =0) and
Y pr =0, When M, provides a stop of the roller and the pressing process is carried out in a die (Fig. 2 a). In this case,
in a die, the friction force 77, on the entire contact surface of the deformation zone provides the condition of all-

round compression of the stock, and we can assume that in this case for the radial profile die in axial section o, =7, .

From the equations (6) and (7) it follows if vy, R =Y =050, than force £} during rolling (Fig. 1 ¢) can
equally represent P,. when pressing in rollers (Fig. 2 b) and the process of deformation of the stock under these
conditions is a combined rolling-pressing process (Fig. 3), the kinematic parameters of which are characterized by a
neutral angle

Vrepr = 0,50, . ®)

For a qualitative research of local deformations of the stock material in the deformation zone for various working
metals methods, a method and device for its implementation were developed (Fig. 4 a) [11,13—16]. The device is a
model of the deformation zone, which contains the base 0. On this base there is one layer of magnetized metal balls

(cylindrical parts) of various colors (1 and 1), representing the centers of masses of the elementary volumes of the
stock material and metal rollers 2 mounted with the opportunity to rotate. When rollers 2, (®, =0) are fixed and the

moving multi-colored magnetized balls (cylindrical parts) 1 (white) represent the main layer of the stock material, and
1" (dark) represent the test layer of the stock material the process is carried out by a punch 3, which is located in the
guides 4 and is driven by a gear train consisting of two rotating gears 5 and two movable rails 6, connected by the
punch 3. In this case, the pressing process in the die is modeled (Fig. 4 b, ¢) according to the pressing scheme shown in
Fig. 2 a. When rotating the rollers 2, (®, # 0) by the balls 1 and 1’ due to the movement of the punch 3, the process
of pressing in rollers is simulated (Fig. 4 d, e) according to the pressing scheme in Fig. 2 b. When balls (cylindrical
parts) 1 and 1 move by the rotating (, ) rolls 2, without impact of a punch 3 on the end layer of balls at the
entrance to the die, the rolling process is modeled (Fig. 4 £, g) according to the rolling scheme in Fig. 1 a. When balls
(cylindrical parts) move 1 and 1’ due to simultaneous coordinated rotation (,) of rolls 2, and motion of the punch
3 the rolling-pressing process is modeled (Fig. 4 4, k) according to the rolling-pressing process in Fig. 3.
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An analysis of the experimental results (Fig. 4 b - k) shows that during any working metals method shown in

Fig.: 1 — 3 in the process of deformation of the stock with a coefficient 1 =2 the studied rectilinear layer of the stock
1

material at the entrance to the deformation zone (Fig. 4 b, d, f, h) changes its shape at the exit from the deformation
zone (Fig. 4 ¢, e, g, k). When pressing in a die (Fig. 4 b, ¢), the studied layer of the stock material at the exit from the
deformation zone acquires the shape that has convexity in the direction v;. When pressing in rollers (Fig. 4 d, e), the
studied material layer at the exit from the deformation zone represents a curve that has two convexities symmetrical
with respect to the axis of symmetry of the deformation zone in the direction v, and concavity along the axis of
symmetry of the deformation zone. During rolling (Fig. 4 f, g), the layer at the exit from the deformation zone in the
direction v; represents a concave curve. When rolling-pressing the shape of the curve at the exit of the deformation

zone in the direction v; has a slight crowning near the axis of symmetry of the deformation zone.

. Axis
of pressing

of rolling-pressing

Fig. 4. Equipment for modeling local deformations of metal working processes (a) and the results of process modeling: pressing
1w =107 in the die (b, ¢) [16]; pressing L =1,25 inrollers (d, ¢) [16]; rolling u =1,4 (f, g): rolling-pressing p =1,45 (h, k)

The discussion of the results

In the axial section of the deformation zone, the vertical layer of the stock material at the entrance to the
deformation zone during deformation changes its shape due to local deformations of the stock material relative to the
middle vertical line of the deformable layer, the elements of which are in front of the middle line, on the middle line,
and after this line if it is considered the direction along the deformation.

The position of the neutral section in the deformation zone, which simultaneously satisfies the position of the
neutral section during rolling with pushing and pressing in the rollers, determines the combined rolling-pressing
process, in which the neutral angle of the deformation zone is equal to half the contact angle of the stock and the
rotating tool.

The impact of external friction on the contact surface of the stock in the deformation zone determines at the exit
of the deformation zone the change in the initial shape of the stock material layer at the entrance to the deformation
zone.

- under the conditions of pressing the stock in the die, the external friction forces that are constant in the
direction, counteracting the pressing force, brake the outer layers of the stock material and provide a convexity of the
deformable initial layer of the stock material, respectively, reducing the plasticity reserve of the finished product.
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- under rolling conditions, the stock is subjected to friction forces directed towards each other, but the rolling
process provides the friction force acting on the stock in the slow zone of the deformation zone, which significantly
exceeds the friction force opposing it in the leading zone of the deformation zone. The interaction of these forces acting
on the stock in the deformation zone ensures the concavity of the stock material layer at the exit from the deformation
zone, in which the plasticity reserve of the finished product is reduced in comparison with a similar product obtained by
pressing in rollers;

- under the conditions of the rolling-pressing process, the interaction of external friction forces with the pressing
force and with the force applied to the stock in the deformation zone is optimized due to the rolling moment. This
reduces the curvature of the initial layer of the stock at the exit of the deformation zone, providing an increase in the
plasticity resource of the finished product in comparison with a similar product obtained by both rolling and pressing in
rollers.

Conclusion

Based on theoretical and experimental research of the kinematics of the deformation zone, it was found:

- with various rolling methods (a simple rolling process, rolling with front or back tension, rolling with pushing),
the value of the neutral angle in the deformation zone is less than half the contact angle between stock and the rotating
tool (roll);

- when pressing in rollers, the value of the neutral angle in the deformation zone exceeds the half the contact
angle between the stock and the rotating tool;

- when pressing in a die, the neutral angle is equal to the contact angle between the stock and the tool;

- when the rolling-pressing process is combined, the neutral angle of the deformation zone is equal to half the
contact angle between the stock and the rotating tool, which helps to increase the plasticity resource of the finished
product at the exit of the deformation zone compared to similar products obtained during separate rolling and pressing
processes.
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K Bonpocy kiaccupuxanum copMelieHubie npoueccbl OM/I npu anajanse
KHHEMATUKH o4ara aegopManuu

. B. 106poB, A. B. Cemuues, E. I1. Mopo3enko

Annomauus. Buinonnenvt meopemuueckue u dKCNEPUMEHMAIBHbIC UCCICO06aHUS. KUHEMAMUYECKUX NApamMempos ouazd Oegopmayuu npu
NpoKamKe U Npeccosanull 6 POmuKax u ¢uivepe. Yemanogienvl obwjue 3aKOHOMEPHOCHIU U XAPAKMEPHbIe OCOOCHHOCMU NepeMeueHusl
0eqhopMUPOBaHHbIX ClI0e8 Mamepuaia 6 ouaze Oeghopmayuu Ol Kaxcooeo cnocoba oOpabomku MAmepuanos OaelieHueM, Ymo no3eoJsen
KIACCUDUYUPOBANTL MU RPOYECChI, A MAKIHCE NPOYECC NPOKAMKU-NPECCOBAHUS 6 3ABUCUMOCIIL O HOTONCEHUsL HEIMPAIILHO20 CEYeHUsL 6 0Uaze
Oeghopmayut.

Kniouesvie crosa: 3aeomoska, npokamka, npokamka ¢ Hamadlcenuem, npoKamKa ¢ NOONOpoM, npeccoganue 8 Qunvepe, npeccosanue
8 ponuKax, NpoKamKa-npeccosanue, oyaz oeopmayuu, HelimpaibHoe cevyenue, HeimpanbHulll Y20i.

Jo nuranua kiaacudikauii cymimenux npouecis OMT npu ananizi kinemaTuku
ocepeaky aegopmanii

I. B. lo0poB, A. B. Cromiues, O. I1. Mopo3eHko

Anomayia. Buxonano meopemuuni ma excnepumeHmanvHi 0OCHIOdCeHHs KiHeMamuyHux napamempie ocepedky Oegopmayii npu
npoxamyi i npecygauHi 8 ponuxax i ¢ine’epi. Bcmarnosneno 3azanvhi 3akoHOMIpHOCHI | XapakmepHi ocobaueocmi nepemiujenus
depopmosanux wapie mamepiany 6 ocepedxy Oegopmayii 0 KOAHCHO20 CnOcody 06poOKu mamepianie MUcKOM, ujo 00380JA€E
Kaacugikyeamu yi npoyecu, a maxKodic npoyec NPOKAMKU-NPeCcy8aHHs 6 3aneHCHOCMI Gi0 NON0JICEHHs HellmPaIbHO2O Nepemuny 8
ocepedky degpopmayii.

Kmouosi cnosa: 3azomosxa, npokamxa, npokamxa 3 HamA2om, HPOKAMKA 3 NIONOPOM, NPeCY8AHH: 6 ()ilb'epi, npecysannsa 6 poruKax,
NpoKamMKa-npecys8ants, ocepedox oegpopmayii, HellmpanbHe nepemut, HeumpanrbHutl Kym.
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