@ Crimson Publishers
Wings to the Research

ISSN: 2578-0255

AMMS |z

*Corresponding author: Meng Wenjun,
School of Mechanical Engineering,
Taiyuan University of Science and
Technology, Taiyuan, China

Submission: g July 15, 2020
Published: g August 27, 2020

Volume 5 - Issue 3

How to cite this article: Wenjun M*, Jinhu
S, Biao Z. Study on Constitutive Relation of
Viscoelastic Conveyor Belt. Aspects Min
Miner Sci. 5(3). AMMS. 000614. 2020.
DOI: 10.31031/AMMS.2020.05.000614

Copyright@ Wenjun M, This article is
distributed under the terms of the Creative
Commons Attribution 4.0 International
License, which permits unrestricted use
and redistribution provided that the
original author and source are credited.

Aspects in Mining & Mineral Science

Mini Review ‘ 8 ‘
D@

Study on Constitutive Relation of Viscoelastic
Conveyor Belt

Wenjun M*, Jinhu S and Biao Z

School of Mechanical Engineering, Taiyuan University of Science and Technology, China

Abstract

With the development of the economy, conveyors are increasingly moving toward long distances,
large volumes, and high belt speeds, and the power of belt conveyors is closely related to the running
resistance of conveyors. In the past, the indentation resistance is based on the material properties of
the ideal conveyor belt. For example, Maxwell, Kelvin, or the three-parameter model are used for design
calculation. The calculation results are still different from the actual ones, especially on the special
conditions such as high temperature, high belt speeds. In this paper, the integral constitutive relation
which is easier to test and better describe the memory performance of the material of the object after
loading is established. It has guiding significance for the design of the belt conveyor.
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Introduction

With the development of economy, belt conveyors are increasingly developing toward
long distances, large-scale, and high belt speeds. People’s requirements for the calculation
of belt conveyors are increasing. Among them, the power calculation is closely related to
the resistance of the conveyor. The resistance generated during the stable operation of the
conveyor includes the indentation rolling resistance (IRR), the running resistance of the
conveyor belt around the roller, the impact of the materials and the bending resistance of the
conveyor belt [1]. Among them, the indentation rolling resistance is the largest, and the energy
it consumes accounts for about 60% of the total energy consumption of the belt conveyor [2].
Therefore, the accurate prediction and reduction of IRR is the hotspot of current research and
the current research [3-5].

Differential constitutive relations are widely used in the early development of viscoelastic
theory. It is more convenient to solve certain problems. The quasi-static mechanical
behavior of the material can be determined through creep experiments and stress relaxation
experiments. It is considered that creep compliance and relaxation modulus are functions
of time, which depend on the material itself and have nothing to do with the load frequency,
amplitude, etc. [6]. Domestic Lu Yan analyzes the influence of different working conditions
elements on the indentation resistance of the conveyor, and establishes a mathematical model
[7]; Zhao Xiaoxia and others conduct dynamic and static analysis of the indentation resistance
[8]; Hou Hongwei uses the WLF principle Quantitatively describe the indentation resistance
and the polymer’s kinetic properties, and qualitatively analyze the relationship between
indentation rolling resistance and positive pressure, and the thickness of the conveyor belt [9].
Therefore, this article first derives the integral constitutive relationship that is easy to carry
out experimental measurements, and then analyzes the indentation state of the conveyor belt
to provide a basis for the later conveyor design.
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Integral Constitutive Relationship

For linear viscoelastic materials, the strain response under step
stress o(r) = 6,H (1) is expressed as o(r)=o,J (1) , as shown in Figure
1(a). Applying the principle of superposition, and so on, if there are
I stress increments sequentially acting on the object ata time, Then
the total strain at a later time is

g(z‘) =0, + %AJIJ(I—Q) )

Although the force process of an object is more complicated,
it can be seen as a superposition of multiple forces. As shown in
Figure 1(b), suppose the stress acting on the object is a continuous
differentiable function cr(f) , and decompose it into the action of
o,H(t) and countless very small stresses do(&)H(r-£) , then the

strain response at time tis:

e(t)=o,J(1)+ Oi J(r-¢) dc;(;) e o
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Figure 1: Schematic diagram of superposition for viscoelastic materials.

When t<0, o(t)=0, J(t)<0.Therefore, formula (2) can be
expressed as:

oo
s(1)=[J(t=¢)o(2)ds
Equation 2 is just the integral constitutive equation. Given
the creep function of a material and a given stress o(t), the creep
constitutive equation of the material can be obtained. This article

selects Burgers four-parameter model. After calculation, there is

1 T 1 -
J(r)= —+—+—(1—e [”)
E n, E 4)
Substituting formula (4) into formula (3), the integral
constitutive relationship of conveyor belt based on Burgers four-

parameter model is:

g(r) = _F:[Ei+£+£i(le(f_r)/r) }7 (£)de )

1 72 £3
Conclusion

This paper first derives the integral constitutive relationship of
the four-parameter Burgers model of the conveyor belt. Compared
with the previous two-parameter or three-parameter constitutive
the new four-parameter constitutive

relationship, integral

relationship can more accurately express the viscoelasticity of
the conveyor belt, and it is also easier to conduct experimental
measurements. The further study of the four-parameter integral
constitutive relationship is of guiding significance for the design
and manufacture of belt conveyors since this study will change the
selection of various parameters in the design process and affect the
use of belt conveyors in mining and other industries.
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