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Abstract— The main purpose of laboratory tests is to obtain
experimental data for the development of mathematical models
of the functioning of silent blocks of car suspension to develop a
method of diagnosing. The object of the study is the process of
functioning of the silent block of the car suspension. Methods.
The tests were performed in the research laboratory of the
Department cars VSGUTU. We used a stand that implements the
mode of static and dynamic loading. The frequency range of the
lever with the tested silent blocks was set from 0 to 1.67 Hz.
During the tests, silent blocks with different technical conditions,
both new and from the failure flow of vehicles in operation, were
checked. Results. Power characteristics of silent blocks of the car
in a dynamic mode are received. Conclusion. The developed
method of diagnosis based on the obtained experimental data will
objectively determine the technical condition of silent blocks of
the car suspension. Also, the application of the method in practice
will significantly reduce the complexity of diagnostic work.
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. INTRODUCTION

Road safety of the vehicle is largely determined by the
reliability of the suspension elements. In this regard, the
definition of a technical condition of the suspension in
operation is currently one of the urgent tasks of technical
diagnostics. Any suspension of the vehicle includes a lot of
details, which complicates its diagnosis, as well as requires
highly qualified personnel and special equipment. Often, the
detection of failures of the suspension is carried out not by
diagnostic, but by the structural parameters of the technical
condition, determined during disassembly and defecation of its
parts. In the process of operation of the vehicle, you may also
experience defects in the suspension that when driving on
small and medium speeds are not perceived by the driver. This
circumstance makes the detection of such defects almost
impossible. When driving in more difficult conditions, such as
turning at high speed, such malfunctions can lead to a sudden

suspension failure. Failure of any suspension component can
reduce the efficiency of operation and directly affect the active
safety of the vehicle [1.2.3].

At present, wishbone suspensions are used on many
passenger vehicles. A characteristic feature of lever
suspensions of such type is installation of levers on silent
blocks (Fig. 1).

Fig. 1. Silent blocks in the wishbone suspension

Unlike other suspension elements, allowing the
determination of the technical condition of organoleptic
methods, silent blocks require a more thorough study,
including the use of technical means of diagnosis. The
characteristics of silent blocks are very sensitive to deviations
that occur during their installation, as well as a violation of the
rules of operation, for example, driving with high speed on the
bumpy road.
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The main purpose of silent blocks-reduction of vibrations
and shock loads transmitted to the body, while the design of
modern silent blocks laid the impact on the suspension
kinematics [4].

The silent block used in cross-arms consists of two
coaxially arranged cylindrical clips, the space between which
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is filled with a polymer by a method of strong compression or
vulcanization (Fig. 2).
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Fig. 2. Structural scheme of silent block

F1-Fg - forces acting on the silent block; M;-M, - moments of torsion

The silent block restrains the considerable deformations
acting in different planes and the directions. It was on silent
block accounts for a huge share of shock loads automotive
suspension. In addition, it provides radial, angular and axial
compliance (Fig. 2).

During operation, the material of the silent block is
subjected to relaxation as a result of which there is an axial
displacement of the inner ferrule relative to the rubber material
(Fig. 3). This phenomenon leads to a change in the power
characteristics and kinematics of the suspension (Fig. 4),
which affects the stability and controllability of the vehicle, as
well as the safety of its movement.

A

Fig. 3. Axial displacement of cage silent blocks
A - Axial displacement
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Fig. 4. Violation of suspension kinematics when changing the
technical condition of suspension silent blocks

A1, A2 - offset of the silent blocks clip in the suspension
arms

Il. THEORY

In order to determine the technical condition of the silent
blocks and to detect the future failure at an early stage, an
objective method of diagnosis is required, using appropriate
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technological equipment [3, 5]. Development of the method
and its implementing equipment, as well as further theoretical
research is based on the results of experiments aimed at
obtaining empirical power characteristics of working and non-
working silent blocks..

Experimental research was carried out on a specially
designed stand in the research laboratory of the Department of
automobiles VSGUTU. The stand allows you to simulate the
oscillation of the suspension arm, change the frequency of
oscillations. The measuring system of the complex allows one
to obtain experimental characteristics of the tested silent
blocks [6].

The experiments were studied silent blocks brands OEM
2101-2904043 of car VAZ. To determine the power
characteristics of the object with good technical condition,
forty new silent blocks were tested, the experimental data of
which were averaged.

Similar characteristics were obtained for objects with
changed technical condition, as well as for faulty silent blocks
(Fig. 5). Processes of change of force on the lever (F, H) at its
movement (S, m) were registered.
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Fig. 5. The average value of the experimental data

I1l.  RESULTS AND DISCUSSION

The data obtained during the processing are decomposed
into Fourier series [7], which allowed one to present the

experimental signal in the form of amplitude and phase
spectrum. Further, using the procedure of "Fourier synthesis"
for the most significant amplitudes analytical expressions to
describe the average power characteristics of the tested silent
blocks were obtained. To synthesize the signal travel time,
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there is about five harmonics to signal the efforts of fifteen

harmonics. Signal synthesis is performed by the following
expression (1):

S =%+§ Ancos(nwt+(an 1

S - synthesized signal;

A — amplitude;

¢n — phase of the harmonics;
o — frequency.

The results of the performed experimental studies are an
empirical basis for the development of a mathematical model
of the functioning of the silent block, in order to diagnose it. A
mathematical model for describing the work of a serviceable
silent block can be built on the basis of generally accepted
theoretical models describing the work of polymers [8.9].

Initially, the model is based on the classic Maxwell model
consisting of an elastic element and a damper that describes
the change in force Fy,, developed by the silent block from its
deformation, according to the expression:

Damoing element
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Fb=Cx*XSpext KpX

C, — stiffness of the elastic element;
S, ex— deformation [m];

Kp — damping factor;

dS, e/dt — strain rate [m/ s].

The results of calculations using the expression (2) showed
that the Maxwell model describes hysteresis arising during the
work of the silent block, but the resulting characteristic has the
form of a symmetric ellipse, which does not correspond to the
obtained experimental characteristics that are asymmetric with
respect to the central axis (Fig. 5). From the mechanics of
polymers, it is known that in the case of asymmetry
characteristics in the composition of the model it is necessary
to introduce an additional element that characterizes the
internal friction that occurs between the molecules of the
elastic material. Thus, the model of a serviceable silent block
can be represented as a set of three elements: elastic, damping
and friction (Fig. 6).

[he slement of frichion
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Fig. 6. The scheme of the mathematical model

In this case, the mathematical model of the silent block
operation process is as follows (3):

dz;’ex + KX sign(ds"ex] (3)

= X + X
Fb=Cx Spex Kb dt

C, — stiffness of the elastic element;
S, ex— deformation [m];

Kp — damping factor;
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dS; ex/dt — strain rate [m/ s];
K- friction factor;
sign — piecewise constant function.

Solving the presented equation (3), the calculated
dependences of the force change on the lever (F, H) during its
displacement (S, m) are obtained. The comparison of the
obtained dependences with the experimental data (Fig. 7)
shows that in this form, the model describes quite well the

EH
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change of force during its movement, but there are
quantitative differences between the calculation and the
experiment. It should be noted that the qualitative nature of the
calculated values is similar to the experimental data.
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Fig. 7. Power characteristic of silent block

For a more accurate description of the experimental results
using the presented model, it is necessary to determine the
functions characterizing the changes in coefficients Kp and K;
from the polymer deformation rate (dS; ../dt). In the case of
simulation of a faulty object, the model must take into account
the additional friction that occurs in the places of the polymer
rupture, as well as the friction between the sleeve and the
elastic material of the silent block.

IV. CONCLUSION

Thus, this mathematical model after refinement can be
used to describe the operation of the silent block in the
suspension of the car in the diagnostic mode, as well as to
perform theoretical studies to determine the impact of the
technical condition of the rubber-metal hinges suspension
motor vehicle on the stability and controllability of its
movement [10-12].
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