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ABSTRACT

The article presents a still important aspect of the construction and operation of the ve-
hicle. The most loaded part of the suspension of a vehicle has been discussed, for ex-
ample, rubber-metal bushing (silentblock). This component directly affects the safety
and comfort of drive. It also presents the main varieties of construction and signs of
usage of those elements. It has comprised of properties of the rubber and polyurethane
bushings. Mechanical calculation of silentblock model has also been presented. 3D
numerical analysis was carried out on the basis of the model by using two types of
rubber bushings with different hardness. The results of simulations carried out in the
system MSC.MARC has been shown. On these basis, there were selected and given

numerous conclusions for utilitarian character.
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INTRODUCTION

The parts of the system car chassis fasteners
are important and responsible components. One
of the most important elements of this system are
silent blocks. Usually it is an assembly of two
cylindrical metal bushings which are separated
by an elastomeric element. Rubber and poly-
urethanes are most commonly used as the elas-
tomeric material. Table 1 shows the comparison
of characteristic properties of the elements which
perform the role of absorbing bushing made from
rubber and polyurethane.

In the automotive industry there are other de-
terminations than silent block, such as: an elastic
connector, elastic anti-vibration bushing, suspen-
sion arm bushing assembly [1, 2]. The main tasks
of silentblocks include: fixing the body to the
chassis, vibrations damping, shocks and impacts
transmitted through the wheels from pavement on
the chassis and steering system. An example of
such an element has been shown in Figure 1.

In industrial practice three manufacturing
processes of such elements are used:

a) a vulcanized rubber bushing placed between
the metal bushings,

b) a vulcanized rubber bushing with an internal
metal bushing,

c¢) arubber connection without metal screening.

The first solution is now a priority from atten-
tion to the smallest damage and assembly errors
that many occur. The second solution is a com-
promise between price, time and assembly pre-
cision. The third solution is one of the simplest
and cheapest solutions. Unfavorable characteris-
tic is its high sensitivity to an improper assembly
method. The consequence of this is the lack of
repeatable mechanical properties and a shortened
life span, and more frequent need to be replaced.

Among the typical symptoms of the bushing
suspension wear are the appearances of:

e growing louder knock from the area of the
chassis,

e characteristic jerks when starting and braking,

e rocking body,

e changes in wheel geometry,

e continuous change in the track,

125



Advances in Science and Technology Research Journal Vol. 9 (28), 2015

Table 1. The comparison of the properties of silentblocks

Rubber bushing

Polyurethane bushing

Better damping properties.

Long reaction time,

Lower precision of driving conditions of the vehicle

Reduction of perceived noise and vibration inside the vehicle,
Improving ride comfort,

Small durability,

The ability to quick wear,

Slow wear at the first signs of wear.

Used mostly in passenger cars.

Worse cushioning properties.

Fast response time,

Greater precision of driving the vehicle.
Increased hardness and stiffness,

Long service life,

Possible cracking chassis and body components.
Quick reaction,

Higher resistance to dynamic loads,

Avalanche wear after the first signs of wear

Used mostly in off-road vehicles, racing, heavily loaded, etc.

e friction wheel during steering wheel arch ele-
ments,
e rapid, uneven tread wear in the tires.

In order to ensure traffic safety and a proper
car driving, it is absolutely necessary to rebush
suspensions, if in the process of it diagnosis had
signs of wear. To ensure proper parameters dur-
ing operation, it is recommended to replace these
elements in pairs on both sides. From the driver
it requires a constant monitoring of the state that
may show signs of wear. It is unacceptable to con-
tinue an exploitation of a vehicle with diagnosed
wear of these components. The later the operator
of the vehicle chooses on the exchange, the more
expensive this becomes [3—6].

Bushings smooth and long cylindrical sur-
faces illustrated in Figure 1 may be used for rigid
suspension, or working with a higher loads. A
special feature of construction presented in Fig-
ure 1b is their use for light vehicles, due to a short
middle surface. The role of universal use in pas-
senger cars is fulfilled by of silentblocks, which
are mapped in Figure 1c—.

Variations presented in Figure 1g, h, are based
on the use of hard rubber. The shock-absorbing
properties in the vertical plane are achieved by us-
ing appropriate shapes in the bushings. The map-
ping provided in Figure 1 is a typical sielentblock,
in which two bushing made from polyurethane are
used. There are also meets from bushings polyure-
thane solutions without metal interior bushings. In
such cases, they have an increased hardness.

EXPERIMENTAL PROCEDURES

The object of the research is silentblock,
which geometrical form and computational mod-
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el is mapped in Figure 2. In the numerical analy-
sis by using the program MSC.MARC computa-
tional procedures were applied: Newton-Rapson,
Cauchy, large displacements. The calculation is
based on two-parameter mathematical model of
the rubber material Mooney-Rivlin. The phase
of the angular displacements modeling was car-
ried out using RBE2 node object. Calculations
were carried out using two material models of the
bushings of modules: G1 = 16000 MPa (Table 2a,
¢), G2 =10000 MPa (Table 2b, d—f) [8-11].

RESULTS

Comparing the results of numerical calcula-
tions of silent block for turning about the axis X,
which is in the plane Y0Z, as shown in Table 2a,
b, it can be concluded that in the material of lower
hardness less stress values were obtained. There
is one interesting case, the situation in which the
system was loaded in the X, Y and angular dis-
placement around the Y axis, that is, in a plane
X0Y (Table 2c, d). In this case, the stress values
decreased significantly for a material with a lower
hardness. Obtained values of the total displace-
ment (Table 2e) and their mapping allow the sys-
tem to see significant deformation of the rubber
bushing. Analyzing the image of the displace-
ment of parts and its results (Table 2f) it can be
concluded that the internal bushing carries con-
siderable total loads.

CONCLUSIONS

The research that was carried out allows for
identification of these observations. The biggest
load in the studied system carries on inner bush-
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Fig. 2. The silentblock calculation model

127



Advances in Science and Technology Research Journal Vol. 9 (28), 2015

Table 2. Comparison of the results for the two materials

Torsional stress in the X-axis

a) b)
Equivalent Cauchy stress Equivalent Cauchy stress
MPa MPa
2.060e+000 1.242e+000
1.87024000 1.127e+000
1.6792+000 1.0126+000
148924000 8.974e-001
12994000 78276001
110824000 6.680e-001
9.180e-001 55326001
72776001 4385001
53736001 32382001
34706001 2091001
1.586e-001 94382002 E
E—>‘f v
Stress by displacements
c) d)
Equivalent Cauchy stress Equivalent Cauchy stress
MPa MPa
3641e+00 1.934e+00
A2iiezdll 1.794e+001
2.913e+001 1 BBt
2543e+001 e e
2185 119624001
1.820¢+001
9.9682+000
1.456e+001
797424000
1.032e+001
7 28064000 5.9802+000
3.630e+000 3.986e+000
3135003 193224000
1.764e-003
lamaml r
Displacement Stress
e) f)
Total displacement Equivalent Cauchy stress
mm MPa
8.144e+000
4.500e+001
7.330e+000
4.050e+001
B.5152+000
3.600e+001
5701000 JFAfH
il 315064001
4.886e+000 "’\III | ;
i 2700e+001
4.72e+000 || {1
Iy 22504001
1.800e+001
1.350e+001
1.629+000
ﬂ 9.000e+000
8.144e-001 /i
4.500e+000 !
1.597e-024 Z S5 =
B 0.000e+000 i
- - Y i
leasel ‘SL
Fouivalent Canchu Stress 3
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ing. For these reasons, it is recommended to per-
form it as a part of thick-walled. In addition, it
transfers the compressive forces that arise dur-
ing screwing of silentblocks in body attachment
brackets. For the system to be able to work freely
it a longer bushing internal is needed. It is unac-
ceptable to use the same length of both bushings.
Otherwise, the vehicle operation would become
very burdensome, and the vehicle will lose cush-
ioning properties. In such cases, the rubber sleeve
may also crack due to on excess of stress. Which
in turn significantly would shorten its life period.

In case of application of solid rubber bush-
ings, improving driving comfort, thereby provid-
ing adequate damping properties are obtained by
using a lower hardness of these elements. A satis-
factory compromise between the stability and the
damping characteristics can also be obtained by
using specially shaped bushing which are made
of a harder rubber.
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