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S u m m a r y .  The method of determining the 
parameters of vibration isolation of conic crushers with 
rubber-metal elements is described. The resolving 
equations for determining the parameters of vibration 
isolators are built. To describe the behavior of 
elastomeric elements are used in the calculation of 
Volterra integral relations. 
K e y w o r d s :  vibration isolator, elastomer, 
viscoelasticity. 

INTRODUCTION

The problem of protecting operators, 
machinery, instruments, equipment, buildings 
and structures from the effects of vibration and 
sound pressure is still relevant. 

It is especially important for complex 
technical system such as enterprise mining 
industry, in which heavy equipment is 
installed in a specific sequence according to 
the technological requirements, and this quite 
often machines are installed in three-
dimensional space, for example, taps can be 
placed on the ceilings at around 18 m etc. [5]. 

In this vibration loading mining 
equipment is quite significant, and the 
frequency spectrum includes the entire range 
from low to high. Vibrations are often random 
white noise and to a first approximation can be 
considered as quasi-harmonic. Higher 

frequencies are usually suppressed by damping 
strips the higher the vibration frequency, the 
easier it is suppressed. To suppress the low 
frequencies requires the use of special 
vibration isolation systems. 

Usually for this the vibration isolators, 
dampers, and the dynamic dampers, etc., 
which are arranged between the machine and 
the frame (foundation supporting structure) are 
used. The long experience of operating 
machines shows that the most effective 
vibration isolation systems are those that use 
the rubber isolators. 

The long experience of operating various 
machines developed a trend for vibration of 
heavy machinery in the mining and 
construction industries rubber elements are 
preferred over steel springs and other types of 
vibration isolators. Rubber due to its high 
absorption capacity, durability, reliability 
(rubber elements have a lack of random 
failure) has almost no equal among other 
materials (metal, wood, plastic, etc.) [18-21]. 

In connection with the need for vibration 
isolation with long life and high reliability, 
there is a problem of accounting changes in the 
physics-mechanical properties of the material 
over time [11, 13, 14]. Temporary rubber 
mechanical properties (shear modulus and 
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damping coefficient) may be obtained either 
during prolonged experimental studies or by 
thermal aging. The resulting function G(t) and 

(t) can be entered directly into the equation. 
Experience in operating mills with 

rubber and rubber-metal vibration isolators 
showed their high efficiency and performance. 
However, the service life of rubber vibration 
isolators greatly depends on the quality of their 
production.

Vibration isolation of machines is part of 
the theory of vibrations of elastic systems. On 
this issue there is an extensive literature [1, 3, 
8, 13, 22]. 

RESEARCH OBJECT 

For the design of rubber-metal mounts is 
very important to configure their work. You 
also need to take into account the structural 
features of the machine and determine the 
number of anti-vibration mounts. Rubber 
elements exhibit nonlinear viscoelastic 
properties, as well as the weak compressibility. 

RESULTS OF RESEARCH 

It is known [1, 5, 8] at least three types 
of tasks, in which the power dissipation has a 
significant influence: the problem of the 
natural vibrations of elastic systems, the power 
dissipation contributes to their rapid decay, the 
problem of forced resonant oscillations with 
amplitude due to energy dissipation reaches 
the final value, the problem of the effect of 
short pulses or shocks, the dissipation of 
energy helps reduce stress in such systems. 

For rubber, as viscoelastic material with 
heredity, the most suitable are the following 
theory: the theory of viscous friction of the 
Kelvin-Voigt and Maxwell-Boltzmann theory 
of heredity of Volterra. The first two use the 
hypothesis of proportionality of the internal 
friction of the loading rate and lead to known 
equations of oscillatory systems. 

In engineering practice, the study of the 
dynamics of stationary production machines of 
the above complexities of trying to avoid using 
certain assumptions: random fluctuations 

believe quasi-harmonic, elastic system is 
performed in such a way that the working of 
the amplitudes and frequencies of its elastic 
response was almost linear and angular 
variations as small that they can be ignored . 

In this case, the vibration isolation 
system is considered as a system with one 
degree of freedom, and the equation of 
oscillations recorded in the known form: 

tPxxnx sin2 2
0 .                 (1) 

The solution of this equation is described 
in detail in the literature [1,7,9]. 

If it is necessary to consider the 
nonlinear stochastic process oscillations, then 
the right side of the disturbing force f (t) are as 
broadband stationary random process and 
input actions are recorded either in the form of 
correlation functions, either in the form of the 
spectral power: 

)(2 2
0 tfxxnx ,                   (2) 

where: f(t) – a function of random input 
influence on the oscillating system.  

Typically, as elements of the elastic 
suspension the specially designed rubber parts 
is used. Today for the vibration protection of 
heavy mineral processing machinery tires 
can’t be replaced by any of the existing 
materials. It has the ability to large reversible 
deformations is having a high elastic and 
dissipative properties, has no random failure 
and its fatigue characteristics exceeds all 
existing structural materials. 

The disadvantages include the 
dependence of the viscoelastic properties of 
the mode of loading, aggressive environment 
and time of operation. In addition, rubber is 
not subject to simplified models of the Kelvin-
Voigt, and its dissipative properties are not 
directly proportional to the rate of 
deformation. However, Thanks to well-
developed mathematical apparatus of the 
theory of oscillations use these equations. 
Recently, there are other approaches to this 
issue. 
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We consider two methods for calculation 
of linear vibrating systems with one degree of 
freedom. 

The first method requires that the 
mechanical response of the elastic suspension 
is described by the Kelvin-Voigt and stress 
obeys:

EE ,                     (3) 

where: E – modulus of elasticity,  – 

relative strain isolator,  – the coefficient of 
internal resistance of rubber, which is 
proportional to the strain rate for medium-

filled rubber  = 2 10-3 s [12] 
In this case, the equation of motion can 

be written as: 

tqxxx sin2
0

2
0 .   (4) 

For the amplitude of steady-state 
forced oscillations of the relation: 

2
0

22222
0

q
A ,                  (5) 

where:  - frequency of forced oscillations 

of the system, 0 - natural frequency of the 
system, q - inertial force per unit mass of the 
vibrating.

The second method requires that a 
mechanical reaction condition described by the 
integral ratio of the Boltzmann - Volterra type 
with kernels of relaxation and aftereffect. In 
this case, equation (4) in the operator form can 
be rewritten as: 

tqxTtCx sin,, ,                 (6) 

where:  is the operator of the elastic 
stiffness of the suspension. 

In the simplest case this operator is have 
form: 

*ECC 10
,                 (7) 

t
* dtEtE

0

,         (8) 
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where: 0 – the instantaneous value of 
the elastic stiffness of the suspension, 

t,E  – exponential function of 

fractional order of Rabotnov, , ,  – 

rheological properties of rubber,  - gamma 
function..

In [13], the following basic relations for 
determining the rheological properties of 
rubber:
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where: A and B – the rheological 
characteristics of rubber (sine and cosine 

Fourier transform function),  – rate of energy 

dissipation, G( ) – the current value of the 
shear modulus, G0 – the instantaneous value of 
the shear modulus, t0 – a generalized 
relaxation time. 

To use less than the average filled rubber 
type 2959 (or its analog 6620) rheological 
parameters have the following values: 6,0 ,

1,1, 0,58.

In view of the expression ratios of the 
amplitude of oscillation will be of the form: 

2
0

2222
0 1 BA

q
A ,            (11) 

where: 0 is natural frequency of the 
system is perfectly elastic. 

Expression (Eq. 11) can more accurately 
determine the amplitude and phase 
characteristics of the transient regimes, for 
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example in the region of resonance in which 
the expression (Eq. 5) and (Eq. 11) give 
similar results. 

As can be seen, the mathematical model 
using the Volterra integral relations based on 
more stringent assumptions and more 
accurately take into account the viscoelastic 
properties of rubber than the Kelvin-Voigt 
model. It is most effective in the study of 
nonlinear systems, transient oscillatory 
systems, as well as in the study of systems, 
rheological characteristics are significantly 
dependent on the time of loading mode or 
slowly varying temperature (external or self-
heating of the dissipative).. 

Consider the problem of inertial 
vibration isolation cone crushers. The input 
data for the calculation of the stiffness 
characteristics of vibration isolation systems 
crushers are their structural characteristics: J - 
moment of inertia about the axis OX crusher, a
- radius of the circle on which the centers of 
anti-vibration mounts, b - distance from the 
center of the spherical bearing cone to the 
fixing of vibration isolators, Zc - distance from 
the center of gravity of the crusher to the 
center of the spherical bearing cones, M - mass 

of the moving parts of the crusher,  - 
frequency forced oscillation crusher (crushing 
cone rotation frequency). These data crushers 
CSC1500 and CSC1750 are shown in Table. 

Table. Specifications of crushers

Characteristic CSC-1500 CSC-1750 

, kg 38100 65000 

, s-1 52 47 

J, kg m2 58530 220000 

a, m 1.3 1.9 

b, m 2.25 2.57 

Zc,  0,89 1,62 

To achieve a sustainable mode of 
vibration isolators system must ensure the 
machine in above the resonance mode with the 

value of the detuning q = / m  3, where 

imax - maximum of the natural frequencies i - 
machines with vibration isolation system. This 

will also satisfied the requirements for stability 
in transient conditions and provided with a 
sufficient degree of vibration crusher housing 
from the base. 

For crushers type CSC values of natural 

frequencies i, i = {1, 2, 3} are defined by the 
following expressions: 

M
v

1 ,
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M
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2

22

2

1

c

c

ZMJ

Zba
N ,             (12) 

2

2
2

/

2
1

cZMJ

a
NK ,

,
h

v

C

C

where: 1 – the natural frequency of the 

vertical oscillations, 2 and 3 – the natural 
frequencies associated rotary and horizontal 
vibrations, Cv and h – vertical and horizontal 
stiffness vibration isolation system, 
respectively. 

To find the maximum natural frequency 

of the need to compare the frequencies 1 and 

3 at the value , which corresponds to the 
characteristics of vibration isolators (frequency 

3 more 2 for all ). Transform (Eq. 1) to the 
form  [5]: 

3,2,1,1 iii

11

2

1
3,2

KN
.                (13) 

The coefficient 3 defines the desired 
frequency ratio: 

133 / .
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Thus, the condition for determining the 
maximum stiffness vibration isolation system 
Cvmax crushers CSC1500 and CSC1750 is: 

3,1,
9 2

2

max i
M

C
i

v .           (14) 

Find the value of 3. Of the estimated 
shapes of vibration isolators - diameter 
approximately equal to three or four heights - 
you can determine the approximate value of  

. For such isolators  6. 
From (Eq. 2) we find for the CSC1500: 

N = 9.3, K = 8.01, 3=1.24, vmax = 9.6 MN/m 
For CSC1750: N = 15.32, K = 14,47, 

3= 1,6, vmax = 13.45 MN/m 
Largest Cvmax can find the minimum 

required static draft min crusher housing on 
vibration isolators: 

max
min

vC

Mg
.                     (15) 

Values min are 39.6 mm for CSC1500 
and 48 mm for CSC1750. The relative 
compressive strain isolator is: 

H
,                         (16) 

where:  – displacement of isolator 
surface, H – height of the rubber of the array. 

If we choose N = 350mm, based on the 
design requirements, the minimum will be 

equal to the relative strain m n = 11% for 

CSC1500 and m n = 13,8% for CSC1750. 
These values are acceptable for reliable long-
term operation of vibration isolators (it being 
understood that the dynamic deformation does 
not exceed 3%, and a significant impact on the 
stress-strain state of the isolator does not 
have).

We now pose the problem of finding 
isolators with characteristics on the basis of 
which could be picking them in the required 
quantities to construct a vibration isolation 
system for crushers CSC1500 and for the 
CSC1750. We find that for a maximum 

stiffness for the isolator Svmax1 both grinders, 
from the fact that each grinder must be four 
legs, and each leg can be positioned 3-4 
isolator (Fig 1). 

Stiffness of each support for CSC1500 -
2.4 MN/m, for 1750 - 3.36 MN/m 

For construction purposes accept stack 
height equal to its diameter shock absorbers 

and equal  350 mm. 
Determine the number of elements in a 

stack and the height of each element, 
respectively. 

We use the formula: 

,
4

22

1 H

dDE
Cv

or

,
4

22

vC

dDE
H                   (17)

where: E – modulus of elasticity of 
rubber, D – outer diameter solid rubber, d – 
diameter of the inner hole, H – height of the 

rubber of the array,  – rate tightening, rubber 
for 2959 E = 4 MPa. 

Fig 1. Vibration isolator support 

Stiffness of vibration isolator support 
obtained based finite element method with the 
help of complex “MIRELA+” [9,12].  
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For description of nonlinear conduct of 
elastomeric element of vibroisolator taking 
into account weak compressibility a Peng-
Landel law is used: 

2

3
3

3

1 1
2

1
IB

I

j
W .           (18) 

In a component form the law of Penga-
Landela looks like: 

ijijij GI
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In the high-elasticity state the viscoelastic 
conduct of elastomer   shows up carries the 
cleanly expressed relaxation character. Large 
viscidity, expressed relaxation character of 
tensions, geometrical and physical non-
linearity of deformation requires bringing in of 
mathematical vehicle of nonlinear three-
dimensional theory of viscoelasticity.  

Using principle of Volterra [10] 
connection between components of tensions 
and deformations for nonlinear viscoelastic 
weakly compressible material it is possible to 
accept as a law of Hooke, Peng-Landel or 
Lindli, replacing resilient constants the integral 
operators of Volterra. 

Then for viscoelastic material have: 
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The most complete description of the 
real process of deformation of elastomeric 
element of construction can be obtained using 
the kernels of Rabotnov and Rzhanicyn [9].  

As laws of Peng-Landel and Lindli in 
maximum case have the appearance of law of 
Hooke, nonlinear equalizations can linearized 

for the case of weak compressibility of 
material.  

Covariant components of tensor of 
eventual deformations look like: 

mn
njmimj

m
imi

m
jij guuuCuC

2

1
,    (21) 

where: l
l
mk

k
iimmi uCuu , ,

i

n
n
i

x

z
C , nz –

coordinate system coordinates of the base ,
ix – the local coordinate system. 

The tensor of deformation can be 
represented as the sum of the linear and 
nonlinear components: 

N
ij

L
ijij .   (22) 

The first invariant of the Cauchy-Green  
tensor of deformation can also be expressed as 
the sum of the linear and nonlinear 
components:  

NL jjj 111 .  (23) 

After substituting relations for weakly 
Peng-Landel’s material can be linearized 
relationship:

,
~~
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1~~~
211

ijijijijLijijij GBGHgHGjBGg
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,
~

3
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211

ijLijijijLL
ij

ij GBGHgHGjB (24)

where: NHH ,, 21  – ratio due to non-

linear components of invariants. 
Furthermore, in expression (24) can be 

isolated viscous and elastic stress tensor 
components: 
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To solve the problem of deformation of 
structural elements from a weakly elastomers 
the moment scheme of finite element, which 
uses a triple approximation of displacements, 
strains and function of volume change, are 
used. Construction stiffness matrix is based on 
the use of the principle of virtual movements. 

Simulation of viscoelastic deformation of 
the elastomer is based on the use of space-time 
finite element with independent approximation 
of displacements in scope and in time [10]. 
The solution of the nonlinear deformation 
produced by the modified of Newton-
Kantorovich method [9]. 

On Fig. 2-5 the rezults of the solving of 
nonlinear deformation of elastomer elements 
are presented. 

The solution of the problem of 
deformation of the package elastomeric 
isolators with the weakly nonlinear 
deformation of the viscoelastic material allows 
us to estimate the stiffness of construction [15-
17]. To support shown in Fig. 1 static draft 
displacement not exceed 53.6 mm for the 
crusher CSC1750. Stiffness support member in 
this case is 3.26 MN/m. 

Fig 2. Radial displacements of rubber element 

Fig 3. Distribution of axial stresses z

Fig 4. Distribution of radial stresses r

Fig 5. Distribution of tangential stresses rz

To ensure the necessary rigidity of the 
stack for CSC1500 of 2.4 MN/m according to 
(Eq. 17) accepts for crusher CSC1500 – the 
number of elements in the stack – three  
116 mm in height, the rigidity of one element 

– 7.2 MN/m (d = 50 mm,   = 2,2). 
Based on the finite element solutions to 

obtain such support sludge 37.2 mm, the 
stiffness of 2.32 MN/m. 

CONCLUSIONS 

1. On the basis of governing equations 
for the viscoelastic material weakly 
constructed a method of solving the problem 
of non-linear deformation of the elastomeric 
structural elements. 

2. The use of solutions of nonlinear 
deformation of weakly compression 
elastomeric elements can more accurately 
assess the properties of the isolators. 
Construction of vibration isolator, produce the 
stacks of different heights, which can be used 
for vibration isolation of machines for various 
technological purposes. 
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3. The parameters of the design and 
developed shock absorbers and anti-vibration 
supports for crushers CSC1500 and CSC1750. 
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