E3S Web of Conferences 548, 06018 (2024) https://doi.org/10.1051/e3sconf/202454806018
AGRITECH-X 2024

Modeling contact stresses in roller mechanisms

Alisher Toshkhujaev'*, Adkham Sadykov', Dilshod Umarov', and
Abdisalam Abdukarimov?

ITashkent University of Architecture and Civil Engineering, Tashkent, Uzbekistan
ZInstitute of Mechanics and Seismic Stability of Structures named after M.T. Urazbaev, Tashkent,
Uzbekistan

Abstract. The results of the interaction of elastic-viscous material with a
roller mechanism are given in the article. Mathematical modeling of contact
stress distribution in a roller mechanism interacting with the elastic-viscous
material being processed, in cases with driven and free rollers, and under
static contact, was conducted. It was revealed that the distribution of contact
stresses, both under static contact and during movement, is directly related
to the properties of the material being processed. The pattern of distribution
of shear stresses is related to the type of kinematic link in the roller
mechanism, and, accordingly, the nature of the external forces acting on the
roller during the implementation of technological processes.

1 Introduction

For calculations related to the technological process and equipment, it is necessary to
determine the magnitude and direction of the contact interaction forces in the base element.
The roller mechanism (a module) is the basic element of roller machines. The main task when
considering contact interaction forces in a roller mechanism is to model contact stresses in
the contact zone [1, 2].

The general pattern of contact interaction in roller mechanisms is considered in [3-9].
However, these studies do not provide models of contact stresses during the processing of
elastic-viscous material considering the kinematic links between the rollers.

Contact stresses determine several technological indicators of a pair of rolls and the value
of the contact arc. In addition, the mechanical characteristics of the working rolls and the
energy performance of the process depend on contact stresses [10].

Modeling of contact stresses was conducted in the theory of metal rolling [11-17] and in
the theory of contact interaction in roller mechanisms in technological machines [18-26].

In studies related to metal rolling, approximate models of friction stress are used, which
do not provide sufficient accuracy in determining force parameters [27, 28].

In research devoted to modeling contact stresses in roller mechanisms, models of strain
in the processed material in the form of empirical functions were used, which did not consider
the viscous properties of the processed material [29-33]. Such models do not correspond to
the real stress-strain state in the roller mechanism of technological machines [34, 35].
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Interaction phenomena, including the stress state in the roller mechanism, depend on the
kinematic connection between the links since they determine the patterns of external forces
acting on the roller and, accordingly, the distribution of contact stresses. Therefore, models
of contact stresses in the roller mechanism need to be developed considering the kinematic
connection between the working rolls [36].

Thus, the modelling of contact stresses in the roll mechanism is crucial and is an area that
still requires further research.

2 Materials and methods

Consider the problem of interaction of an elastic-viscous material with rollers of radius R ,
angular velocity » and length L (Figure 1).

Fig. 1. Scheme of interaction in the roller mechanism

The distribution of contact stresses in the roller mechanism is determined primarily by
the strain properties of the material being processed, characterized by compression and
recovery curves when interacting with each roller of the mechanism [37].

The compression curve manifests itself in the form of a nonlinear dependence of strain
on load, and the shape of the recovery curve depends on the nature of the material: it can be
absolutely elastic, elastic-viscous, and plastic. In the first case, when leaving the roll tip, the
material will completely restore its shape, in the second case - partially, in the third case -
there will be no strain recovery. In a roller mechanism, these material properties determine
the contact angles ¢, and ¢, , which can be obtained from the stress-strain curves

cos _2R+A-6, cos _2R+A-9, 0
7 2R ?2 2R

where O, — is the thickness of the material when it enters the roll tip, o, — is the thickness

of the material when it exits the roll tip, and A— is the distance (gap) between the rolls.

The compression and recovery curves of the material are determined by analytical
equations relating stresses to strains. Such a relationship can manifest itself in a significant
influence of elastic, viscous, and plastic properties.

To formalize the material in the form of models with a significant manifestation of certain
types of these properties, there are analytical equations for the relationship between stresses
and strains (strain rates). In roller mechanisms, the processed material is formalized as a
continuous medium with elasticity and viscosity properties. Therefore, based on the analysis
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of models of the processed material, we accept the following analytical equations given in
[37]:
e under compression:

de
o) :Alglal + He Ttla - <6, <0; 2)

e under recovery:
o, =485, 0<6,<g,, (3)
where 4,,a,, 4,,a, — are the strain coefficients of compression and recovery of the
material, g — is the viscosity coefficient.

From Figure 2, it follows that at the points of the compression zone the thickness of the
material changes as:
h; = R(cos 6, —cos ¢, ). 4)

From equality (4), we obtain :

& =25—I:(cosc91 —cos @), Z—‘Z:wzé‘—]fsin 6, (5)
here, there is no minus sign after differentiation due to different directions of speed and angle
[37]1~Lrom equality (2) considering equalities (5), we obtain:

a 2
o, =4, [E—R] | (cos @, —cos )™ + ,uu{zé—R] (cos @, —cos ¢, )sinb,. (6)
1 1
Similarly, from equality (3), we obtain :
a
o, =4, [2§—RJ 2 (cos@, —cosp, ). (7)
2

3 Results and discussion

In the compression area of the strain zone, an element of material of a length dx; is selected

(Figure 1). The selected element of the material is affected by elementary normal dN; and

shear dT; forces from the side of the roll, which are balanced by the reaction force of the
material o,dx; [10]:

odx; =dN, cos @, +dT, sin 6,. @®)

The moduli of elementary normal and shear forces are expressed as:
dN=ndl, dT=tdl, ©)]
where n,t— are the normal and shear stresses distributed along the contact arc, d/ — is the

elementary contact arc.
With (9) from equality (8), we obtain:

(10)
Let us equate the length of the elementary arc to the length of the chord
d.
dl, ~ -2
cos 6,
Substituting these expressions into equalities (10), we have
(n, cos @, +t, sin b))
o=
cos 6, ' )
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The pattern of distribution of shear stresses is related to the pattern of distribution of
normal stresses. The stress relationship is determined by the friction stress model. We use
the friction stress model developed in [10], which for the considered roller mechanism with
drive rollers has the following form:

t, =tg(6, +v)n,, (12)
where

F
t =—, 13
gV 0 (13)

here F,Q— are the forces acting on the roll supports.

Substituting ¢, into equalities (11) and after transforms, assuming that cos? 0, =1, we
obtain:
ny =(l-1gvigh))o,
or with expression (13)
0-Figb,
==——o0
Q

nl 1-

Then, considering equality (6), we obtain:

a 2
- Fig0 ‘
n :&(Al (25—1?] (cos 0, —cos ;)™ +,uw(25—RJ (cos 8, —cos @, )sin 6, J (14)

o I 1
Similarly, from equality (7), we have
— Ft @
n, _Q-Figh, AZ(EJ (cos 0, —cos @,)™ |. (15)
0 )

Formulas (14) and (15) determine the pattern of distribution of normal stresses in the
considered roller mechanism with drive rollers and elastic-viscous material being processed.
From these formulas, with the friction stress model (12), we obtain a pattern of
distribution of shear stresses in the considered roller mechanism with drive rollers and
elastic-viscous material being processed:

a 2
F 1
t = %‘%{Al [i—RJ (cos ) —cos ¢, ) + yw(?} (cos 8, —cos ¢, )sin 6, } (16)

1 1

Q 2

In a free roller, the reaction force of the roll supports /' and the friction forces change
signs. Then from formulas (14) - (17) follow the pattern of distribution of contact stresses in
a roller mechanism with free rollers:

a 2
Ftg6 '
_ 0+ Fig0, {Al (i._RJ (cos 6, —cos (pl)al +’uw[2§_RJ (cos 8, —cos ;) sin 6, }

F+0tgf “
ty :&[AZ(E—RJ (cos 8, —cos p, )™ J (17)

m
0 1 1
0+ Figf 2R )" a
1y :TZ A, z (cos 8, —cos ¢, ) |,
a 2
F— 1

t = %91[141 (;—RJ (cos 6, —cos ;) +,ua{25—R} (cos @, —cos ¢, )sin 6, J,

1 1
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0 2
Under static contact F =0 . Then from equality (14) - (17), we have

F-0r @
ty :M{AZ[E—RJ (cos 8, —cos p, ) J

a 2
n = {Al [25—13) (cos 8, —cos ;)" + ya)(zg—RJ (cos 8, —cos ¢, )sin 6, },

1 1

a
ny = [Az(fs—R] (cos 0, —cos ;) J
2

a 2
t = {Al (E—R] (cos O, —cos ¢, )™ + ,ua{zé‘—RJ (cos 6, —cos @, ) sin 6, ]tg@l ,
1 1

ap
t, :[AZ(Z—R] (cos 8, —cos @, )™ ]tg&z.

2

4 Conclusion

Mathematical models of contact stress distribution in a roller mechanism interacting with the
elastic-viscous material being processed were developed for the cases of driven and free
rollers, and under static contact.

Based on the calculation of the obtained mathematical models, the following was

revealed:

o the distribution of contact stresses under static contact and during movement, is
directly related to the properties of the material being processed;

e with an elastic material being processed, the normal stress in the roller mechanism
is distributed according to an elliptical law, and for an elastic-viscous material, the
pattern of distribution of normal stresses differs from the elliptical law;

e the pattern of distribution of shear stresses is related to the type of kinematic link in
the roller mechanism and, accordingly, the nature of the external forces acting on
the roller during the implementation of technological processes; it also depends on
the geometric parameters of the rollers and the material being processed.
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