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Abstract

The description of the scheme and design of the test bench for testing vibration isolators intended for use in the
vehicles’ cabin suspension. Test bench construction allows to implement a wide range of loadings on vibration
isolator of the vehicle cabin, to investigate the impact of the loadings’ arm changing and to perform analysis of the
vibration isolator’s elastic and damping characteristics changing impact on cushioning quality. Variant of the test
bench construction modernization, which can allow applying typical exploitation loads, which include vertical and
lateral components, is described. We propose a scheme of forced oscillations excitation system on the test bench by
cam-eccentric mechanism. It includes a DC motor with stepless frequency regulation and with cams of different shape
on its shaft, which affect the contact surface of the test bench’s vertical H-beam of a rocker arm. We also propose a
scheme of forced oscillations excitation system on the test bench by inertial exciter. It includes a DC motor with
stepless frequency regulation with inertial vibration exciter on its shaft, which consists of a mass, placed eccentrically
relative to the shaft axis. There are two variants of the test bench scheme — with the forced oscillations excitation
device and without it.
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ATS department of VSTU developed a test bench for the study of dynamic characteristics
of vibration isolators, being used in vehicles’ cab suspension.

Vibration isolators test bench (Fig. 1) contains a horizontal H-beam 1 of a frame, a stanchion 2
of a trunnion 3, a vertical H-beam 4 of a rocker arm with a load 5 placed on it, a stanchion 6 of
a recording unit 7, a trigger 8, vibration isolator’s upper support 9 with feet 10, vibration isolator’s
lower support 11 with feet 12, vibration isolator 13 and foundation fastening bolts 14.
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Fig. 1. Vibration isolators’ test bench scheme
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Pairs of holes 15 for vibration isolator’s 13 lower support 11 feet 12 fastening are made
along the longitudinal axis of H-beam 1 of a frame (Fig. 2). Pairs of holes 16 for vibration
isolator’s 13 upper support 9 feet 10 fastening are made along the longitudinal axis of H-beam 4 of
a rocker arm (Fig. 3). Load5 (Fig. 1 and Fig. 3) includes aset of metal discs17 of
different diameters and different heights (and therefore different masses), which have a central
hole with a diameter equal to the tightening bolt 18 diameter, whose lower end is rigidly connected
to the load support 19, which has holes 20 for its fastening to the top shelf of H-beam 4 of a rocker
arm. Nut 21, which fastens a set of metal discs, is placed at the upper end of the tightening bolt 18.

Usually several vibration isolators are being installed in a real suspension of the technical
object (e.g., cabin suspension of the vehicle) (Fig. 4) and the proportion of the loading force Py
from the sprung object’s weight Q per single vibration isolator depends on the distance L; from the
axis Z passing through center of gravity of the sprung object to the vibration isolator’s vertical axis
of symmetry Z; and may vary during the suspension work process (i.e. the arm of the loading
force, that influences upon the vibration isolator can vary). Due to the fact that the test bench
design allows to set the vibration isolator 13 at different distances from stanchion 2 of a trunnion,
test bench allows to reproduce the vibration isolator’s 13 working conditions with wide range of
loading force arm value variation with the same mass of a load 5.
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Fig. 2. H-beam of a frame Fig. 3. H-beam of a rocker arm

Vibration isolators of the same construction can be used in the technical objects’ suspensions
with different sprung masses. Thus for different technical objects the proportion of the loading
force to the weight of these masses for each vibration isolator can vary greatly. Due to the fact that
the load 5 consists of a set of metal disks (Fig. 1 and Fig. 3), the number, size and weight of
which can vary in a wide range, test bench allows to simulate the impact on the vibration isolator
13 with different loading forces. That provides the ability to reproduce the vibration isolators’
loading conditions in technical objects’ suspensions with various sprung masses.

In accordance with the sprung mass value, vibration isolators with proper rigidity are being set
into the real technical objects’ suspensions. The value of this rigidity depends on the vibration
isolator’s design, on the elastic element or elastic elements’ combination being used and on
vibration isolator’s overall dimensions. Test bench (Fig. 1) provides the possibility to change the
vibration isolator’s 13 vertical position by installing the vibration isolator’s upper support 9 feet 10
of various length I; and lower support 11 feet 12 of various length I,, while the total length of the
vibration isolator’s 13 upper 9 and lower 11 supports’ legs 10 and 12 must be equal to the vertical
distance H from the vertical H-beam 4 of a rocker arm to the horizontal H-beam 1 of a frame
minus vibration isolator’s 13 height h. Due to this test bench allows to test vibration isolators with
various rigidity and dimensions.
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Fig. 4. Scheme of vibration isolators installation in the real technical object’s suspension

Vibration isolators’ test bench works as follows. Vibration isolator 13 is being set between the
upper 9 and lower 11 supports at a specified distance from stanchion 2 of a trunnion 3. While the
trigger 8 is closed, load 5 with specified mass is being set on the vertical H-beam 4 of a rocker arm
on specified distance from the stanchion 2 of a trunnion 3. The load mass is determined by the
total mass of the metal discs set. When the trigger 8 opens, vertical H-beam 4 of a rocker arm
rotates relative to the trunnion 3 under the weight of the load 5 and loads the vibration isolator 13
with pulse force through the vibration isolator’s 13 upper support 9. Oscillations of the vertical H-
beam 4 of a rocker arm, which are transmitted to it through the vibration isolator’s 13 upper
support 9, are registered with the recording unit 7, relaxation oscillations graph is recorded on
computer disc. Computer software determines a number of basic vibration isolator’s parameters
(dynamic and static rigidity, damping value, natural frequency etc.) and evaluates its vibroisolation
qualiries.

Thus the test bench is a mechanical oscillating system, which uses the vibration isolator as the
elastic element. Elastic element’s deformation and loading is converted into electrical signal (with
tensometric sensors) and are submitted to computer processing and analysis. Computer calculates
the system’s natural frequency, damping value, vibration isolator’s dynamic and static rigidity and
shows the data together with relaxation oscillations graph on the screen.

The advantage and novelty of the test bench design is that it allows to determine a range of
vibration isolator’s parameters from relaxation oscillations recording and to produce its
comparative assessment. The test bench as opposed to the other models, allows to vary in wide
range the dynamic and static loading on the vibration isolator (up to 3000 N) and natural frequency
of vibration (up to 160 rad/s), to test the vibration isolators up to 140 mm, to vary the excitation
pulse value.

For the test bench modernization we propose a design of the device for loading the vibration
isolator with vertical and lateral loads combination (Fig. 5). It includes an angle mounted base slab
1, which is pivotally connected with the plate, that contacts with the vibration isolator’s upper
base, and one of the stanchions (stanchion 2) is able to move trough the base plate and to be fixed
with the bolts in the slots made in the plate (view A). This changes the position of base slab 1,
which allows to reproduce the loads, that act on the vibration isolator angularly.
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Fig. 5. Design of the device for loading the vibration isolator with vertical and lateral loads combination

We propose a scheme of forced oscillations excitation system on the test bench by cam-
eccentric mechanism (Fig. 6). It includes a DC motor with stepless frequency regulation and with
cams of different shape on its shaft, which affect the contact surface of the test bench’s vertical H-
beam of a rocker arm.
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Fig. 6. Scheme of forced oscillations excitation system on the test bench by cam-eccentric mechanism
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We also propose a scheme of forced oscillations excitation system on the test bench by inertial
exciter (Fig. 7). It includes a DC motor with stepless frequency regulation with inertial vibration
exciter on its shaft, which consists of a mass, placed eccentrically relative to the shaft axis. There
are two variants of the test bench scheme — with the forced oscillations excitation device and
without it.
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Fig. 7. Scheme of forced oscillations excitation system on the test bench by inertial exciter
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