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Abstact

The article provides a discussion on oscillatory methods used for technical condition assessment of shock
absorbers in automotive vehicles, focusing primarily on free vibration methods. It comments on results of
simulation studies of a simple two-mass model conducted by application of a pulse input function. Results of
experimental tests have also been provided in the paper. The foregoing tests consisted in recording of
accelerations of the body of an automotive vehicle equipped with a shock absorber enabling simulation of
shock absorbing liquid leakage. The follow-up analyses were conducted to establish the decrement of
damping as well as the damping coefficient.
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METODA DRGAN SWOBODNYCH W OCENIE STANU TECHNICZNEGO
AMORTYZATOROW POJAZDOW SAMOCHODOWYCH

Streszczenie

W artykule opisano metody drganiowe stosowane w ocenie stanu technicznego zawieszenia pojazdu
samochodowego ze szczegdlnym uwzglednieniem metody drgan swobodnych. Przedstawiono wyniki badan
symulacyjnych dla prostego modelu dwumasowego przy wykorzystaniu wymuszenia impulsowego.
Zaprezentowano rowniez wyniki badan eksperymentalnych. Badania te polegaty na rejestracji przyspieszen
drgan nadwozia pojazdu samochodowego wyposazonego w amortyzator umozliwiajacy zasymulowanie
wycieku plynu amortyzatorowego. W ramach analiz wyznaczono dekrement tlhumienia oraz wspoétczynnik
thumienia.

Stowa kluczowe: metoda drgan swobodnych, amortyzatory, charakterystyka ttumienia

1. INTRODUCTION and the unsprung mass are excited to vibrate by the
falling wheel which hits a pressure plate.

Technical condition of shock absorbers installed
in a vehicle may be assessed by way of a vibration
test using one of the following methods:

- forced vibration method,
- free vibration method.

The free vibration method is a simple and low-
cost method of shock absorber testing. It is based
on analysis of vibrations of a passenger car after it
has been pulse excited to free vibrations. The most
popular method (no longer used in vehicle
inspection stations) used to be the falling weight
method (see the testing station by KONI at Fig. 1).
According to this method, the test is conducted
using a drive-on station where a moving support
bracket is coupled with a system of levers with a
mechanical or pneumatic lifting mechanism. After
the lifting operation is complete, the mechanism is
unlocked by the control system causing the bracket
to fall along with the vehicle. Both the sprung mass

Fig. 1. Schematic diagram of a shock absorber testing
station based on the free vibration method and results of
recording by application of the falling car weight
method [6]
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Another popular solution was releasing a
compressed car body, a method which consisted in
applying a short and strong thrust with the body on
the shock absorber subject to testing (see BIG RED
tester manufactured by a German company M-
Tronic in Fig. 2). Signals reflected from the ground
or a signal transmitter placed on the ground are
received by an ultrasonic receiver attached to the
car wing and transferred to a microprocessor for
further processing. The tester mounted on the
vehicle wing measures body vibration damping by
electronic means. Using a built-in microprocessor,
the tester calculates data and displays results on a
screen, which makes it far easier to analyse the
vibrations as both the calculated numerical values
and the curve of actual body vibrations are
displayed.

Fig. 2. BIG RED portable shock absorber
tester and sample print-out of results [18]

Another method commonly used was the free
vehicle fall which consisted in dropping a car from
a specific height onto wheels. An oscillation sensor
attached to the car body would record amplitudes of
free vibrations. Consequently, one could obtain a
graph illustrating the vibrations suppressed by the
shock absorber. Having run with the car over an
obstacle (as a result of the car body vibrations), one
was able to determine if the shock absorber was
operational.

The following drawings illustrate the pulse
input function applied by dropping car wheels from
a threshold (Fig. 3a) or by running over a
rectangular bump (Fig. 3b).

a) b)

Fig. 3. Methods used to induce vibrations [6]

By application of the foregoing methods,
technical condition of shock absorbers is generally
assessed by comparing the number of recorded
half-periods of car body vibrations with reference
results defined for the given vehicle model. The
free vibration method is characterised by low
accuracy and the results it delivers are rather
inaccurate and approximate. The vibration
frequency one can obtain ranges between 0.7 and
1.5 Hz, and the assessment criteria applied to
determine the condition of shock absorbers are the
number of vibration half-periods and the rate at
which they decay. The restricted range of
frequencies tested is the reason why it is impossible
to generate resonant vibrations caused by the effect
of unsprung masses on the sprung ones, which
matters greatly from the perspective of both
comfort and stability of the vehicle motion, and
consequently driving safety as well [12,13, 14, 15,
17].

2. SIMULATION TESTS

Simulation tests are used when new solutions
are being designed, and they also make it possible
to expand the knowledge in the field of technical
condition diagnostics.

Frequencies of non-damped free vibrations
observed in car bodies are assumed to range
between 0.5 and 2.0 Hz for passenger cars and 3.0-
5.0 Hz for race cars. For lower frequencies, the
suspension system is softer, and it is characterised
by increased grip, yet slower response. On higher
frequencies, the total suspension system travel
becomes limited. Free vibration frequencies of the
car body typically differ between the front and the
rear axle, which is due to various reasons, one of
which being the necessity of taking changes in the
static vehicle load (passengers and goods
transported) into consideration.

In the study of automotive vehicles, selected
dynamic phenomena observed during rectilinear
motion, such as dynamic loading of suspension,
powertrain and frame components, dynamic loading
of road pavement and the impact exerted by
vibrations on men can be investigated, or the
technical condition of suspension system elements
can be assessed by means of a simple two-mass
quarter-vehicle model. In the model in question, as
shown in Fig. 4, sprung masses ml and unsprung
masses m2 separate elastic element k1 (helical
spring) from damping element c1 (shock absorber),
whereas the unsprung mass is isolated from the
kinematic input function induced by road profile h
by the elastic-damping element of k2 and c2 (tyre)
[1,2,3,9,11, 19,20, 21, 22].
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Fig. 4. Quarter-vehicle automotive suspension
system model

With reference to the physical model depicted in
Fig. 4, equations describing the motion of
individual masses were determined by means of
Lagrange’s equations of the second kind.

m, 4, (% =5+ k(o —x,)=0 (1)

m,X, +Cl(x2 _x1)+cz(xz _h)+k1(xz _x1)+k2(x2 _hl): 0
(2)

The above system of differential equations was
implemented in the Matlab/Simulink environment,
thus creating a linear quarter-vehicle model. Both
the characteristics of  suspension  system
components, i.e. the spring and the shock absorber,
and the tyre characteristics were described in the
above model using linear functions. The model
implemented in the Matlab/Simulink environment
has been illustrated in Fig. 5.

Zrepe

Fig. 5. Quarter-vehicle automotive suspension
system model in Matlab/Simulink

The input function applied in the simulation
tests (analogically to experimental tests conducted
at the free vibration testing station) was induced by
dropping car wheels from a threshold (h=0.1 m).
Contact with the foundation was intentionally
moved in time (t=2.1 s) against the drop (t=2 s) in
order to make the pre-set input function profile as
realistic as possible.

The time curve of the input function signal has
been shown in Fig. 6.
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Fig. 6. Time curve of the input function signal
induced by a drop from a threshold

Simulations were conducted by application of
the fourth order Runge-Kutta method with a
constant rate of 0.002 [s] corresponding to the
sampling frequency of 500 [Hz] (equalling the
frequency applied while recording vibration signals
in experimental tests). Each simulation took 10 [s].

The studies involved a series of simulations
conducted for a wvariable shock absorber (cl)
parameter of attenuation constant. The results thus
obtained have been illustrated in figures 7a and 7b.
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Fig. 7. Effect of the attenuation constant changes on
time curves of vehicle body vibration accelerations
— simulation tests

Having analysed the above curves, one may
establish both qualitative and quantitative changes
in the time curves of the analysed vibration
acceleration signals recorded in the vehicle body as
well as in differential accelerations. Differences in
values of peak amplitudes as well as the number of
oscillations are evident.

Despite the aforementioned major modelling
simplifications (a linear damping model), one may
find an explicit correlation between the shock
absorber technical condition (described, in this
case, by attenuation constant cl) and the system’s
response to a pulse input function, i.e. curves of
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vibration accelerations established for individual
elements of a passenger car.

3. EXPERIMENTAL TESTS

Fig. 8 shows the testing station used to induce
free vibrations in the course of the studies in
question [5, 6, 7, 8, 10, 19]. The height of the
platform from which the vehicle was pushed was
h=100 mm.

Fig. 8. Effect of the attenuation constant changes on time
curves of vehicle

In order to represent the change in the shock
absorber technical condition, leakage of the shock
absorbing liquid was simulated. The shock absorber
used in the tests, was modified to allow for
adjustment of the liquid level, has been shown in
Fig. 9.

Fig. 9. Shock absorber filling

The experiment also included recording of
vibration accelerations at selected points.
Accelerometers were attached to the suspension
arm (unsprung mass) and the car body (sprung
mass), as shown in Fig. 10.

Capacitive acceleration converters by Analog
Devices, ADXL 204 and ADXL 321, were used for
the measurements. Another device used in the study
was the K-lite analogue-digital card intended for
cooperation with a PC via USB [4]. The unit
enables measurements of electric parameters using
an A/D converter measurement chain. A flowchart
of the measurement chain has been provided in Fig.
11.

Fig. 10. Arrangement of vibration acceleration sensors

Acceleration sensor Analog/Digital converter Computer with WaveView
] [ o *— o
ADXL HDAQ for Windows software

Fig. 11. Measurement chain flowchart

4. METHODOLOGY FOR ANALYSIS OF
RESULTS

Test results were analysed in the Matlab
environment. For that purpose, specific quantities
(Fig. 12) were established to describe the supressed
free vibrations, namely logarithmic damping
decrement, vibration period and relative damping

coefficient.
Az
/\ As
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T

Fig. 12. Curve of suppressed free vibrations and points of
analysis

Main parameters of the curve, i.e. period,
frequency and logarithmic damping decrement
(natural damping decrement logarithm), were
determined as follows:

D=In—= 3)

n+l1

where:
A, — amplitude of the nth vibration,
A, — amplitude of the next vibration.

For automotive shock absorbers, the logarithmic
damping decrement equals D=1.3 + 1.6, and the
dependence between consecutive highest mass
deflections is 3.7 + 4.5.

What was also determined was the relative
damping coefficient (aperiodicity coefficient),
calculated as follows:

y-__ D 4

Narz? + D?

In contemporary shock absorbers, the
aperiodicity coefficient is y=0.25-0.50. [1]
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5. ANALYSIS OF RESULTS

Fig. 13 provides a sample graph showing the
breakdown into half-periods of the recorded vehicle
body vibrations for the front suspension system of
Fiat Punto.
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Fig. 13. Sample graph of free body vibrations in a
breakdown into half-periods

For the curve of free vibrations, values of
damping decrement Di and of relative damping
coefficient W i were calculated in accordance with
the following dependences:

Ai

D, =In )

i+2

po_ D (6)

i A + D,.2

The following figures illustrate the results of
tests and analyses of Fiat Punto’s front suspension
system.

Having analysed the results obtained by
application of the free vibration method, one may
conclude that in the event of a shock absorber
defect in an automotive suspension system due to
the shock absorbing liquid leakage, the method
discussed in the paper may prove useful. Insofar as
in the front suspension system one can identify
monotonic changes in the function of technical
condition, for the rear suspension system,
interpretation of test results is a more complex
problem.
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Fig. 14. Time characteristics of free vibrations for
different shock absorbing liquid levels
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Fig. 15. Maximum amplitude values for individual
half-periods
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Fig. 16. Vibration frequency values calculated with
reference to the former
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CONCLUSIONS

What proves to be most problematic about the
pulse testing method is the repeatability of input
function parameters and the utility of recording of
acceleration values as vibration parameters. The
free vibration method surely offers certain
advantages (such as low costs and simplicity of
signal analysis), however at present, it does not find
practical application for purposes of technical
condition assessment under conditions of vehicle
inspection stations. To recapitulate on the
foregoing, the free vibration method may be
complementary towards the forced vibration
method when applied to assess technical condition
of suspension systems, yet such an approach is not
common in practice.
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