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Abstract. The article defines the parameters of the contact lines of the rolls. Calculation
formulas are found for determining such parameters as the ratio of strain rates in roll pairs
when the deformation of the semi-finished leather product and the coating of are given by
rheological models. It was revealed that the forms of contact lines in roll pairs do not depend
on the methods of specifying the deformation of the leather material and the coating of the
rolls.

1. Introduction

One of the main tasks of the theory of contact interaction in roll pairs is the modeling of contact lines
of rolls. The shape of these lines primarily depends on the deformation properties of the leather
material and the coating of the rolls.

In [1-14], the main problems of contact interaction in roll pairs were solved, including the
modeling of contact lines of rolls. In these works, for the deformation properties of the leather material
and the coating of the rolls, empirical dependences of the power-law type were used. However, these
dependences have a number of disadvantages [15, 16]. In addition, as the analysis of studies [17-20]
showed, the deformation of most materials processed in roller machines, and materials used as a
coating of rolls of these machines, are characterized by rheological models.

In this regard, this work is devoted to modeling the contact lines of rolls, when the deformation of
the leather material and the coating of the rolls are given by rheological models.

2. Analytical solutions of the problems posed
Let the deformation properties of the leather material and the coating of the lower roll be given by
rheological models

de * - de;.
o1 =Epnén +ﬂ11d_;1’ oy =E &+ —=, (1)

dt

where o,,,,,,Eyq, 111, 11,610, Ep, 14y — deformation characteristics of the coating of the lower roll
and the leather material during compression.
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Figure 1. The scheme of interaction of the leather
material and the coating of the rolls.

As in the wheel theory [21, 22], we assume that

fn_ dey

= = Ay (2)
&y ey
where A, — the ratio of the deformation rates of the coating of the lower roll and the leathers material

during compression.
We find relative deformations (Fig. 1)

D1y — cos(gy, + o)
(LA
o = R — Py, e = cos@, +a) , 3)
11 I 11 Blo
1 1

in(g,, —
where B =6, SINPo = %) 0 =)
sin(ey; + ¢,1)
After substituting the expression &; and 6‘1*1 from equality (3) to equality (2), after
transformations, we find

, 1, — is the thickness of the elastic coating of the lower roll.

CcoS + .
Pu1 Ll*' C11'6’11MJ1 (o +a) <6, +a <0, 4

_ 1
1+CA; cos@, +a)
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We define p,,, p,, and p,, in the same way p,;.

Then we have

R, [
P =1+
1+CA,

R,
po=
. 1+C12A12{

Pa=
P22 =

Lsi
Cp, = 1SIN(¢1, + )

where - )
6, sin(p,,a;)

RZ (1_,’_ C21A21 COS((DZl - al)
1+CyA,

RZ [1+ szAzz COS(¢22 - aZ)
1+CpuA,

A cos(py, + )
W cos@, + a)

cos( ¢y, + )

+ Cleiz} O0<t,+a<q, +a,,

cos( 6, + )
, = -,)<0,,—a<0,
COS(HZl—a)J (P21~ 1) <Oy

, 0<60,,-a< —-a,,
c0s(@,, — ) ) 22 P2 — Ay

. . I,sin(p,, +
lower roll and the leathers material during recovery; C,, = Losin(ey, + ¢,)

I, —1is the thickness of the elastic coating of the upper roll, A,,, A,, —
elastic coating of the upper roll and the material being leathers during compression and recovery.

o, sin(gy; + ay) ,

J, —(p+y) <6, +a <0,

)

(6)

A, — the ratio of the deformation rates of the elastic coating of the

_ l,sin(g;, + ¢,,)
S, 8in(py, + ay)
the ratio of the strain rates of the

The systems of equations (5) and (6) describe the forms of the contact lines of the rolls of a roll
pair when the deformations of the leather material and the coating of the rolls are given by rheological

models.

For the compression zone of the coating of the lower roll, we have:

dey, d
B+ — at =E ‘911 #1?1

Ar, ~ _Ahy  dey

where ¢, = I &

] By dt

Ar, +Ah,; =Al,,

*

€11

_ldn,  dey 1 dhy

|, dt’ dt  BY dt

From equation (7), with expressions (3) and (7), we determine

Al =R - Ll_ cos(gy; + al)J '

cos(@,+ )

Taking into account equation (3), from (8), with equations (9), we obtain

dl,
E Al + MT
Ail - dlll

A+
By +m—— dt

dl
where Al; and ﬁ are determined by equation (9).

(7

®)

©)

(10)
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. o . dl .
Calculation of A, by formula (10) can simplify expressions Al,, and ﬁ by replacing the mean

value:

1 [ cos(py, + @
(Alyy)py = — I Rl'[l—M]d(ﬁma),
Pt (e cos(@, +a)

(%] _ Ray § [ cos,+a)sin@, +a)
dt J,, cos* (6, + @)

Jd (G +a)

Pt (g iay

or after integration

(Alll)av = Rl : 1_ COS(¢11 Al 0!1) In|1+Sin(¢11 + a1)| Ly
2py+ ) |1— sin(ey, + 0‘1)|

(%J :Rl—wl(l_cos((ﬂll"‘al))‘
dt J,, ont+o

Expanding the logarithmic function into a series, we have

(Alll)av:Ri'[l_MJs K%J = 2R1wl Sin2(¢ll+alJ.
21+ ) dt J,, @ut+n 2

Thus, we have

dl
E, (Al + M(dltlJ
All = dl & ! (1 1)
E11(A11)ay +:“1(dltlj
av

where (Alll)aV:Rl-Ll—wJ, L%] _ 2Ro SinZL(Dll'i_al].
2((p11 + a]_) dt av ¢11 + al 2

Likewise:

dl,

E, (Al) 4 + 14 [dtj

dl;,

, (12)
En(An)a + Mz()

A, =

dt

where (Allz)aszl-Ll—wJ, L%J _ 2R Sin2£¢12+a2J;
2pz + r) dt Joy ot 2
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€, (8, 2
Ay = i v (13)
EZl(A21)av + ﬂz{dnj
t av
in2(p,, — _
where (A|21)av = R2 Ll_MJ ’ L%J - 2R2(02 S|n2L¢21 +a1J'
2(py— ) dt ),, ¢n-o 2
dl
E,(Aly), + ,Uz(dztzJ
Ao2 = TR (14)
EZZ(AZZ)av + /122(22]
dt J,,

where (A|21)av — R2 L]__MJ , L%J _ 2R2(02 Sin2£¢22 +a, J )
2(¢)22 - aZ) dt av ¢22 - az 2

Figure 2 shows graphs of the contact lines of the rolls with various changing parameters.

3. Results
Calculation formulas are found for determining such parameters as the ratio of strain rates in roll pairs,
when the deformation of the leather material and the coating of the rolls are given by rheological
models.

It was revealed that the forms of contact lines in roll pairs do not depend on the methods of
specifying the deformation of the leather material and the coating of the rolls.
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Figure 2. The nature of the influence of the roll radii and the initial
thickness of the leather material on the shape of the contact line of the roll.

4. Conclusions
Analysis of calculation of  using formulas (11) - (14) showed that:
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p=

e the change in i from the angular velocity of the rolls depends on the relationships o =—

. ) .. E. .
e, increases linearly with ! and Hi ;
ij

A decreases asymptotically to zero with an increase in " and Hij ;

E j
ij
and

H . . . .
2L for ¢>1and f>1, Ajj decreases asymptotically to zero with an increase in w;; for o<1
Hij

and <1, 4; increases asymptotically to a certain value with an increase in w, .
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