RESEARCH ARTICLE | JANUARY 12 2024

Contact angles with a free upper roll of roll machines @3
N. U. Annaev 3%; E. S. Buriev; B. A. Abdurakhmonov; B. A. Abdurakhmanov

’ @ Check for updates ‘

AIP Conf. Proc. 2969, 060036 (2024)
https://doi.org/10.1063/5.0182655

CrossMark
&

View Export
Online  Citation

Q
(&
e
()
-
()
Y
c
@)
o
-
<

Proceedings

APL Quantum

Bridging fundamental quantum research with technological applications

Now Open for Submissions
No Article Processing Charges (APCs) through 2024

AlP
Submit Today fé_ Publishing

S¥:/€:L1 ¥20z Aenuer z)


https://pubs.aip.org/aip/acp/article/2969/1/060036/2933684/Contact-angles-with-a-free-upper-roll-of-roll
https://pubs.aip.org/aip/acp/article/2969/1/060036/2933684/Contact-angles-with-a-free-upper-roll-of-roll?pdfCoverIconEvent=cite
https://pubs.aip.org/aip/acp/article/2969/1/060036/2933684/Contact-angles-with-a-free-upper-roll-of-roll?pdfCoverIconEvent=crossmark
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1063/5.0182655
https://servedbyadbutler.com/redirect.spark?MID=176720&plid=2219938&setID=592934&channelID=0&CID=814978&banID=521401185&PID=0&textadID=0&tc=1&scheduleID=2141444&adSize=1640x440&data_keys=%7B%22%22%3A%22%22%7D&matches=%5B%22inurl%3A%5C%2Facp%22%5D&mt=1705081065236229&spr=1&referrer=http%3A%2F%2Fpubs.aip.org%2Faip%2Facp%2Farticle-pdf%2Fdoi%2F10.1063%2F5.0182655%2F18298302%2F060036_1_5.0182655.pdf&hc=18cff12a56c76f890af1aacdf4b5d261e7176911&location=

Contact Angles with a Free Upper Roll of Roll Machines

N. U. Annaev!'?, E. S. Buriev!, B. A. Abdurakhmonov? and
B. A. Abdurakhmanov'!

'Tashkent Institute of Architecture and Civil Engineering, Navai street, 13, Tashkent city, 100011, Uzbekistan
2Tashkent Pharmaceutical Institute, Oybek street, 45, Tashkent city, 100015, Uzbekistan

aCorresponding author: shavkat-xurramov59@mail.ru

Abstract. In the work the expressions of the contact angles of the roller machine with the upper free roller are found. These
formulas determine the contact angles for all cases of material interaction with rolls of technological machines. It has been
established that the maximum thickness of the material layer that can be captured by the rolls of a two-roll module is almost
four times less with a free upper roll than with a drive roll.

INTRODUCTION

The problems of improving existing and developing new technological processes for the mechanical processing
of materials are closely related to the phenomena of contact interaction between a layer of material and pairs of rolls.

In works [1-12], the contact problems of roll technological machines are solved. It follows from these works that
contact problems are primarily determined by contact angles [13].

Despite numerous works [14—17] devoted to determining the contact angles of roller machines, there are currently
no generally accepted models of contact angles in asymmetric roller pairs.

The contact angles of roller machines depend on the type and location of the guiding movable roll, which can be
designed mainly according to two schemes [18]:

1. The sliding roll is guided by a slider that moves with roll along the guide relative to the bed;
2. The guide of the movable roll is a lever that connects the axis of the movable roll with bed.

In works [19, 20], contact angles were determined in roller machines, where the slider of the movable roll moves
along a vertical line.

The paper deals with the definition and evaluation of contact angles, where the slider of the movable roll moves
along the line of centers.

ANALYTICAL SOLUTIONS OF THE PROBLEMS POSED

We consider the windrow pair shown in Fig. 1 etween the rollers is /;
According to [20], the angles of capture and their sum for the considered roll pair have the form:

_ |2Rz(61—h1) 8§1¥1

P11 = \I R1(R1+R2) + Ri+R; M
_ |2R1(61-h1)  biva

P21 = \I R2(R1+Rz2)  Ri+R2’ @)
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Let the considered two-roll module have one (upper) free roll.

FIGURE 1. Scheme of interaction of two-roll module with one driven roller.

Let us compose the force balance equations for the layer of material at the contact with the rollers
in the steady-state process according to Fig. 1:

{ZXZ_le_N2x+T1x_T2x=O' 4)
XY= Ny — Ny + Ty, + Ty =0.
From the diagram of forces in Fig. 1, we find
Nix = Ny sinqq, Ty, =Ty cos ¢y, Ny, = Ny cos b11, Ty, =T, sin P11,
NZX = N2 sin arq, sz = T2 CoS 51, Nzy = N2 CoSs 51, sz = T2 sin ayq- (5)

Taking these expressions into account, system (4) has the form

{N1 singyy — Ty cos p1g = —(Ny sinpyy + T, cos ¢1), ©)

Nycospy +Tysingpy, =  Nycosgy, — T, sing,q .

The value of the friction force T, can be determined from equation [20]:
Mm = Tme = Nmerm = TZRZI

where M,, -is the moment created by friction forces in the necks of a free roller; T,;-is the resultant force of friction
in the necks; 7;,-is the neck radius of the free roller; f,,-is the coefficient of friction in the necks.
We determine T, = N,f, ;—“‘. After substituting the values of T, and T; = f;N; into system (6)
2

and jointly solving this equation, we obtain:
Frfugt

— Rz
1+f1fmﬁ

tg(dh11 + ¢21) =
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We assume that R, —;L” tgvy, = tg (vm —; ), where v,,-1s the angle of friction in the necks.
2 2
Then we write:

n T,
fa—mﬁg__tmq—m(%ﬁg__m<v W)

Tw T\ 17 Yup )
L+fifugt 1+ tgvitg (vugt) Ra

where v, -is the friction angle of the lower drive roll along the material layer.
So,

P11+ P21 = Vi~V ()
2
Taking into account equality (7) of the equalities (1), (2) and (3), we have
T 1 T
$11 (Rz (V11 ~ Vi E) + 51)’1)' 21 = (R1 (V11 Vi R_z) - 51)/1); (3)

Likewise, we have

1 7 1
=—R(v -, —”)+m6 ) =—
b12 R1+R2( 2\ V12 wp 16171 ), $22 Ri+R,

!
" Ri+R,

(Rl (V12 —Vu ;_L:) - m151y1). )

At the moment of initial contact of the material, the free roll does not exert a retracting effect on the material, but
to some extent counteracts the retraction of the material due to the resistance to rotation in its supports.
Let us formulate the free capture condition in the form

Niy + Nyy + Ty < Ty, (10)

Solving inequalities (10) together with the second equation of system (6), we find the condition of gripping in a
steady process of a two-roll module with one driven roller
11+ ¢z S vy _Vm;_u;' (11)
Based on dependencies (8) and (9), we find expressions for evaluating the angles of contact in the
steady-state process of a two-roll module with one driven roller:

1 1
¢11 =

RitRy (Rz (V11 — Vi ,:_";) + 51)’1)' P21 < RitRy (R1 (V11 —Vy ;_IZ) - 517’1)- (12)

Since in most cases, in two-roll modules, the rolls are installed in rolling bearings, where the amount of friction is
small. As a result, the friction force T, can be ignored in comparison with other forces acting on the roller [20].
Then the gripping condition is

$11 + 21 < vyy. (13)

Thus, if we assume that there is no resistance to rotation in the necks of a free roller, then the sum of the maximum
nip angles in two-roll modules with one driven roller is two times less than with two driven rollers.

Let us compare the maximum thickness of the layer that can be gripped by the rollers of a two-roll module in the
presence of a driven and free upper roller. We assume that the rollers of the two-roll module at the moment of gripping
are located without a gap, that is #; = 0.

From equality (3) for h; = 0 and v,; = 0, we have

RiR,

V2(6, —hy) = R, +R, V11-

It follows from here
RiR, *?
2(R, + RZ)lllmax

c
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Such a dependence for a two-roll module with two drive rolls has the form [20]:
0 RiR,
6 Imax = m("n + V21)2.

Determine the relation

n
5 1max

i1 +v21)?
2
Vi1

(Sclmax

Hence, for v{; = v;,1, we have:

n
6 1max
6clmax

Thus, the maximum thickness of a layer of material that can be gripped by the rollers of the two-roll module is
almost four times less with a free upper roller than with a driven roller.

When the coefficient of friction in the necks of the free roller is zero for the free roller to rotate with a layer of
material, the line, which is a continuation of the front end of the layer of material must pass through the axis of rotation
of'the free roller. For gripping at such an arrangement of the layer and the absence of friction in the necks, no additional
external pushing forces are required [20].

Let the line, which is a continuation of the front end of the layer of material, pass through the axis of rotation of
the free roller. In this case, the angle of inclination of the layer of material to the 0, x axis is critical y,,.

Let the line, which is a continuation of the front end of the material, pass through the axis of rotation of the free
roll. In this case, the angle of inclination of the material to the O, x axis is equal to the critical one y,,.

The critical angle of inclination of the material in the considered roll pair has an angle ¥,y = ¢24, i.€.

- ’2R1(51-h1)_ 8171
Yipy = Ra(Ri+Rz)  Ry+Rp’ (14)

In the critical inclination of the layer of material, the nip angle of the lower roller in a steady-state process has the
following form:

é — _G1tRs 2(81—-h1)(R1+R2)
11kp ™ §,+R1+R; R1R;

15)

Analysis of the graphs obtained on the basis of calculations of the critical angle of inclination according to formula
(14), indicates that:

e with a decrease in the radius of the lower roll and the initial thickness of the material, the critical angle of
inclination decreases;

e the critical angle of inclination decreases with increasing radius of the upper roll;

o the greater R, and the less Ry, the greater yy,,,.

In the presence of friction in the necks of the free roll or with an arbitrary inclination of the material relative to the
0 x axis, the conditions for rotation of the material of the free upper roll will not be fulfilled, and therefore, an external
pushing force is necessarily required for the capture.

CONCLUSION

Thus, the angles of contact in the steady-state process of a two-roll module with one driven roller were obtained,
which were determined by formulas (8) and (9). They are evaluated by conditions (12). These formulas are general
since they determine the contact angles of all particular cases of material interaction with pairs of rolls in roll machines
with one free roll.

The paper defines contact angles and conditions for their evaluation in a generalized roll pair, which takes into
account all kinds of asymmetries in the interaction of the material with the rolls of technological machines.
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It has been established that the maximum thickness of the material layer that can be captured by the rolls of a two-
roll module is almost four times less with a free upper roll than with a drive roll.
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