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ABSTRACT

This paper analyses the changes in the values of the damping coefficient of shock absorbers, depending on the size
and distribution of loads in passenger vehicles. The tests were conducted in two stages. During the first stage, the
influence of the size of a load in vehicles, and changes in the tyre pressure values on the damping coefficient of
shock absorbers was defined. During the second stage, the influence of the changes of the damping coefficient of
shock absorbers was researched, depending on the size and distribution of load in passenger vehicles with various
suspension systems of front and rear axles, different kerb weights, lengths and wheel bases. Eight variants of load
distribution in vehicles were tested. The evaluation of the damping coefficient of shock absorbers was conducted
with the EUSAMA method. This paper identified the sizes and distribution of loads in the vehicles of varied struc-
tural parameters and tyre pressures on the damping coefficient values of shock absorbers. The test results indicate
that when using a vehicle under varied load conditions, there are changes in the damping coefficient of shock ab-
sorbers. This may translate directly into the traction characteristics and stability of a vehicle while travelling, and
this, in turn, is connected with the vehicle safety. This paper shows the considerable influence of the tyre pressure
on the EUSAMA coefficient. The changes in the vehicle loads also influenced the values of the damping coefficient
of shock absorbers. The changes in the damping coefficient of shock absorbers were also influenced by the size
and distribution of loads in vehicles.

Keywords: Passenger vehicles; EUSAMA coefficient; tyre pressure; mass distribution; load distribution; shock
absorber.

INTRODUCTION

While travelling, a vehicle is a complex vi-
brating system with a large number of discretion
degrees, excited by (among others) the irregulari-
ties of the road surface, operation of the engine
and the drive system. The majority of the vibra-
tions are dampened by the suspension system, but
part of them reaches the body of a vehicle [1, 2,
10, 18]. A vital role in decreasing the level of vi-
brations is played by shock absorbers. If exces-
sively large vibrations are transferred to the pas-
senger space, they may cause discomfort and may
be harmful to the health of drivers and passengers
[12, 14]. For many years, there have been at-
tempts to provide for the best isolation of drivers

and passengers from road conditions, by develop-
ing high damping coefficient shock absorbers [3,
11, 14]. In addition, through the construction and
characteristics of shock absorbers and springs in
suspensions, the goal is to decrease the frequency
and amplitude of vibrations [4, 7, 11]. Aside from
comfort, the suspension system is also crucial for
ensuring the safety of travellers [9]. There have
been studies [16, 17] that considered the question
of safety during the vehicle travel depending on
the load of a vehicle. Fast damping of vibrations
by the suspension system positively influences
the stability during travel. It may be achieved
only when shock absorbers feature a high damp-
ing coefficient [4]. Shock absorbers influence the
vehicle travel not only when road irregularities
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are covered or in curves, but also when acceler-
ating and, especially, when braking [6]. At that
time, there is a change in the distribution of mass
over the individual axles of the vehicle and the
distribution of mass is connected with the damp-
ing coefficient of shock absorbers. Owing to the
above-mentioned reasons, when the vehicle is
used, constant changes in the damping coefficient
values may occur.

A decrease in the load value influencing the
vehicle body and improvement in the vehicle
steering properties stems from the structure of
the suspension system and the steering system.
In [15] it was noted that the driveability and sta-
bility of a vehicle may change depending on the
stiffness and resilience of the suspension system.
On the other hand, the parameters of the suspen-
sion system while travelling are influenced by
ambient temperature, type of tyres, tyre pressure
and vehicle load conditions. Thus, the initial pa-
rameters of the shock absorbers operation do not
guarantee proper driveability of a vehicle when
used under varied load conditions and varied
environmental conditions [5, 15]. Keeping all
components in the right technical condition may
provide the user with improved safety [8]. One
of the parameters that are decisive for the level

of safety of vehicles is the proper technical con-
dition of shock absorbers [13].

This paper identified the sizes and distribu-
tion of loads in the vehicles of varied structural
parameters and tyre pressures on the damping co-
efficient values of shock absorbers.

RESEARCH METHODOLOGY

The tests were carried out in two stages. The
first stage was used to evaluate the influence of
the size and distribution of load, as well as tyre
pressure on the change of the damping coeffi-
cient of shock absorbers in passenger vehicles
(Table 1). These were vehicles constructed on the
same floorpan, equipped with identical engines,
gearboxes and featuring the 4x4 drive systems.
The vehicles were an SUV and a D-segment vehi-
cle, according to the European classification, with
a station-wagon-type body. The vehicles were
produced in 2012, and their mileage at the time of
the tests was approximately 120,000 km.

In the second stage, the vehicles with varied
front and rear axle suspension systems were tested
(Table 2). They were equipped with the multi-sus-
pension arm systems for the front and rear axles,

Table 1. Characteristics of the vehicles tested in the first stage

Model Type of front axle Type of rear axle Kerb Vehicle Body Length | Wheel base
suspension suspension weight [kg] segment type [mm] [mm]
KO1 mdependept — multi- mdependept — multi- 2,085 Suv Suv 4630 2.810
suspension arm suspension arm
independent — multi- independent — multi-
K02 ) . 1,770 D wagon 4,703 2,810
suspension arm suspension arm
Table 2. Characteristics of the vehicles tested in the second stage
Kerb . Wheel
Model Type of fror?t axle Type of rear axle weight Mlleagcle [km] / Body type Length base
suspension suspension Production Year [mm]
[kal [mm]
PO1 mdependept — multi- |ndependept — multi- 1675 150,000 / wagon 4.841 2,888
suspension arm suspension arm 2004
P02 mdependept — multi- |ndependept — multi- 1,655 180,000 / wagon 4.806 2,830
suspension arm suspension arm 2003
independent — multi- | semi-independent — 180,000 /
RO3 suspension arm with twist beam 1525 2002 wagon 4,79 2,760
independent — multi- | semi-independent — 160,000 /
RO4 suspension arm with twist beam 1,560 2003 wagon 4,682 2,705
independent — independent — multi- 170,000 /
05 MacPherson strut suspension arm 1,370 2008 hatchback 4,150 2,570
T06 independent — |ndependept — multi- 1,300 165,000 / hatchback 4.204 2578
MacPherson strut suspension arm 2005
independent — semi-independent — 120,000/
wor MacPherson strut with a twist-beam 1,145 2012 hatchback 3,998 2470
independent — semi-independent — 105,000 /
o8 MacPherson strut with a twist-beam 1,090 2011 hatchback 3,992 2,460
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for the front axle only, for the rear axle only, and
two of them featured no multi-suspension arm
systems for the axles. Additionally, the vehicles
differed in kerb weights, lengths and wheel bases.
They also featured different body types. Four ve-
hicles featured the station wagon bodies, and four
others featured the hatchback-type bodies. At the
time of the tests, all vehicles were equipped with
shock absorbers with a covered mileage of ap-
proximately 10,000 km.

For the measurements of the damping coeffi-
cient values of shock absorbers, and the measure-
ments of load and mass distribution over the vehicle
axles, the Beissbarth STL7000, diagnostics line was
used, equipped with a Micro-Swing 6200 module
(Fig. 1). The damping coefficient of shock absorbers
was characterized with the EUSAMA coefficient.

In the first stage of tests, the influence of the
tyre pressure on the changes of the damping co-
efficient of shock absorbers was identified. The
adopted pressure values ranged from 0.13 to
0.29 MPa (Table 3). The grey colour was used
for marking normal pressure values for the tested
tyres of both vehicles. The following pattern of
vehicle loads was employed:

e front axle — for each tyre pressure value, mea-
surements with no load, with a load of 160 kg
distributed evenly in front seats and with a
load of 320 kg distributed evenly in the front
seats and rear seats;

e rear axle — for each tyre pressure value, mea-
surements with no load, with a load of 160 kg

Table 3. Tyre pressure values adopted for the test

distributed evenly in rear seats and with a load
of 320 kg distributed evenly in the front seats
and rear seats.

The second stage of the tests was carried out
with the same load values and the same distribu-
tion of loads in all vehicles. The tests covered
eight load variants, according to the pattern pre-
sented in Figure 2. The loads were applied with
lead weights. They were placed in the front seats,
rear seats and in the trunk, with the distribution
presented in the pattern (Fig. 2).

The values of the damping coefficient of
shock absorbers were defined with the EUSAMA
method. The initial frequency of forced input (in
this case) was 25 Hz, and the amplitude equalled
6 mm. During the tests, the wheels of one of the
vehicle axles were placed on two different plates,
and when the forced input system was acceler-
ated by an electric motor to a suitable velocity,
the forced input system was switched off, and
the measurement and registration of the dynamic
pressure of wheels onto plates was effected. When
a vehicle was standing on plates, the static pres-
sure of wheels on the plates was registered. The
damping coefficient (EUSAMA coefficient) of
shock absorbers, calculated during the tests, was
the ratio of minimum dynamic pressure (N, .)
to static pressure (N ) of a wheel onto the station
plate. It is defined with the following equation:

Ndmin

Wgs = *100% )]

S

Tyre pressure values [MPa]

Front axle 0.29 0.27 0.25 0.23

Rear axle 0.29 0.27 0.25 0.23

0.19 0.17 0.15 0.13
0.19 0.17 0.15 0.13
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Fig. 2. Mass distribution and load distribution adopted for the tests.

INFLUENCE OF VEHICLE LOADS AND
TYRE PRESSURE VALUES ON THE
DAMPING COEFFICIENTS OF SHOCK
ABSORBERS

At the stage of using vehicles, the aim was to
obtain the highest possible EUSAMA coefficient
values. The results of the research on the influ-
ence of air pressure in individual tyres and vehicle
loads on the EUSAMA coefficient are presented
in Figures 3—6. The changes of this coefficient are
first provided for the left wheel of the front axle.
The results indicate that in an SUV-type vehicle,
the EUSAMA coefficient reached much higher
values. In this case, the influence of the vehicle
load did not cause any significant changes. For a
D-segment vehicle, the EUSAMA coefficient was
influenced by tyre pressure and loads. Practically
over the entire range of changes in tyre pressure
values, the lowest EUSAMA coefficients were
featured for the unloaded vehicles.

A similar dependence, as in the case of the left
wheel of the front axle, was obtained for the right
wheel of the rear axle (Fig. 4). However, in this
case, there were even greater changes in the EU-
SAMA coefficients, depending on the tyre pres-
sure in the segment D vehicle. Depending on the
tyre pressure, the EUSAMA coefficient changed
in the range of 20% to almost 60%. Especially
large changes were found for the no-load cases.
In the case of an SUV-type vehicle, depending
on the tyre pressure, the EUSAMA coefficient
changed far less than in the case of the D-segment
vehicle. On the other hand, depending on the load
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value, the change range was in many cases practi-
cally unnoticeable.

For the rear axle, left side (Fig. 5) in the seg-
ment D vehicle, smaller changes in the EUSAMA
coefficient may be observed than for the front
axle. In both categories, a greater influence on the
changes of the EUSAMA coefficients was exerted
by the tyre pressure than by the vehicle loads. For
the SUV-type vehicles, there was no substantial
influence of the load changes on the value of the
EUSAMA coefficient.

The changes of the EUSAMA coefficient pre-
sented in Figure 6, depending on tyre pressure
and rear axle load at the right side indicate basi-
cally the same interdependencies, as in the case of
the second wheel of the same axle.

The obtained difference in the trending
changes of the damping coefficient of shock ab-
sorbers, depending on the load and tyre pressure
in both vehicles stem mainly from the various
kerb weights of both vehicles. The larger kerb
weight of an SUV-type vehicle is the reason why
smaller changes in the EUSAMA coefficient take
place depending on the load values. On the other
hand, another characteristic of the shock absorb-
er damping in an SUV-type vehicle, which has
its centre of gravity located higher, also causes
smaller changes in the EUSAMA coefficients
than in the D-segment vehicle.
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Front axle, left side
—No load K01 —Load 160 kg KO1 —Load 320 kg KO1
No load K02 —Load 160 kg K02 —Load 320 kg K02
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0,13 0,15 0,17 0,19 0,21 0,23 0,25 0,27 0,29
Tyre pressure values [MPa]

Fig. 3. EUSAMA coefficient trend, depending on the tyre pressure and
left side front axle load value in the KO1 and K02 vehicles

Front axle, right side
—No load K01 —Load 160 kg K01 Load 320 kg K01
No load K02 —Load 160 kg K02 ~ —Load 320 kg K02
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Fig. 4. EUSAMA coefficient trend, depending on the tyre pressure and
right side front axle load value in the KO1 and K02 vehicles

Rear axle, left side
—No load KO1 —Load 160 kg KO1 ~ —Load 320 kg KO1
No load K02 —Load 160 kg KO2 ~ —Load 320 kg K02
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Fig. 5. EUSAMA coefficient trend, depending on the tyre pressure and
left side rear axle load value in the KO1 and K02 vehicles

Rear axle, right side
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Fig. 6. EUSAMA coefficient trend, depending on the tyre pressure and
right side rear axle load value in the KO1 and K02 vehicles
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INFLUENCE OF THE SIZE AND
DISTRIBUTION OF LOAD ON DAMPING
COEFFICIENT OF SHOCK ABSORBERS

The results of the research on the influence
of the size and distribution of loads in a vehicle
on the value of the damping coefficient of shock
absorbers are provided in charts for the vehicles
with different suspension systems, kerb weights,
lengths and wheel bases. Figures 7 and 8 present
the results for the vehicles (PO1 and P02, respec-
tively) with multi-suspension arms for the front
and rear axles (the longest ones) with the larg-
est wheelbases and kerb weights. It may be stated
that especially large changes in the damping coef-
ficient of shock absorbers (EUSAMA coefficient),
depending on the size and distribution of loads
were found for the rear axle. The range of the
changes varied from approximately 50% to close
to 75% and the higher values of the EUSAMA
coefficient were for vehicle loads of 80 kg in the
driver’s seat and 200 kg in the trunk (variant No.
8). High values of the coefficient were also noted
for the variant No. 4, in which the load of 100 kg

PO1- frontaxle

—Left shock absorber
Right shock absorber

870 (1) 875(8) 935(2) 960(7) 965(6) 960 (4) 980 (3) 1035(S)
Axle load [kg] (load variant)

was located in the trunk and 320 kg in the passen-
ger space, as well as in the variant No. 5, with a
load of 400 kg located in the passenger space. On
the other hand, the smallest value of the damping
coefficient of shock absorbers was defined for the
loads distributed in the driver’s seat only (vari-
ant No. 1) and in the front seats of the driver and
the passenger (variant No. 2). In the case of the
front axle, the change of the EUSAMA coeffi-
cient, depending on the load values, was smaller,
as the difference reached 15% at maximum. For
this axle, the smallest values were determined for
the variant No. 8, with a load of 200 kg located
in the trunk and a load of 80 kg located in the
driver’s seat. The values were smaller than with
the load of 80 kg located in the driver’s seat only.
By far, the largest values of the EUSAMA coef-
ficient were noted for the vehicle load of 400 kg
distributed in the passenger space.

Very similar dependencies, both for the front
and the rear axle, were determined for the R0O3
(Fig. 9) and R04 vehicles (Fig. 10), which fea-
tured varied rear axle suspension systems with a
twist-beam. The kerb weights as well their lengths
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o
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PO1- rear axle

~
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— Left shock absorber
—Right shock absorber
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885 (1) 900(2) 910(6) 915(7) 1015 (3) 1040 (5) 1080 (8) 1135 (4)
Axle load [kg] (load variant)

Fig. 7. EUSAMA coefficient trend, depending on the load in the PO1 vehicles:
a) front axle; b) rear axle
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Fig. 8. EUSAMA coefficient trend, depending on the load in the P02 vehicles:
a) front axle; b) rear axle
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and wheelbases of these vehicles were similar.
The difference between the smallest and the larg-
est values of the damping coefficient of shock
absorbers for the front axle also reached approxi-
mately 15% and 25% for the rear axle. Moreover,
the EUSAMA coefficient with the largest and the
smallest values was reported for the same load
variants, as in the case of previous vehicles. Tak-
ing the above into the account, it may be stated
that the suspension system type does not play a
considerable role with respect to the changes in
the EUSAMA coefficient values, depending on
the loads in passenger vehicles.

For the TO5 and T06 vehicles, for which the
test results of the changes in the EUSAMA co-
efficient, depending on the size and distribution
of load, are provided in Figures 11 and 12, re-
spectively, different trend curves than in the case
of previous vehicles were obtained. The vehicles
had multi-suspension arms for the rear axles only.
The rear axles were reported with a considerably
smaller range of changes in the damping coeffi-
cient of shock absorbers, depending on the test-
ed load variant, than in the case of the first four

vehicles. In this case, the EUSAMA coefficient
reached the value from approximately 55% to ap-
proximately 65%. For these vehicles, the highest
values were also determined for the load variant
No. 8, with the load in the driver’s seat accom-
panied by a load of 200 kg in the trunk. Slightly
smaller values of the coefficient were determined
for the load variants No. 5 and No. 4. These in-
volved the total load of 400 kg distributed over
the entire passenger space (variant No. 5) and the
load of 320 kg located in the passenger space and
100 kg in the trunk (variant No. 4), respectively.
The smallest values for the damping coefficient
of shock absorbers were registered for the load
of 80 kg in the driver’s seat. On the other hand,
for the front axles of the described vehicles, it
was determined that the range of changes of the
EUSAMA coefficient, depending on the load
variant, was much larger than for the first four of
the described vehicles. The range of changes was
approximately 25%. The smallest values were
reported for the load variant No. 8, with 80 kg
located in the driver’s seat and 200 kg in the
trunk. Additionally, relatively small values of the
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Fig. 9. EUSAMA coefficient trend, depending on the load in the R03 vehicles:
a) front axle; b) rear axle
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Fig. 10. EUSAMA coefficient trend, depending on the load in the R04 vehicles:
a) front axle; b) rear axle
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Fig. 11. EUSAMA coefficient trend, depending on the load in the T0S vehicles:
a) front axle; b) rear axle
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Fig. 12. EUSAMA coefficient trend, depending on the load in the T06 vehicles:
a) front axle; b) rear axle

EUSAMA coefficient were noted for the variant
No. 1, with a load of 80 kg in the driver’s seat
only and for the variants No. 7 and 6, in which
the load of 120 kg was located, either on the left
or right rear seat, respectively.

In the last two vehicles, practically the
same trend curves were obtained, picturing the
changes of the EUSAMA coefficient, depend-
ing on the size and distribution of the load,
as in the previous vehicles (T05 and TO06).
The results were compiled for the vehicles
W07 and WOS, respectively, and presented in
Figures 13 and 14. These were the vehicles
with the simplest suspension systems, as the
MacPherson struts were used for front axles
and twist beams for rear axles. The range of
changes of the damping coefficient of shock
absorbers, depending on the used variant, was
approximately 25% for the front axle and ap-
proximately 10% for the rear axle.

The presented changes provide for the pos-
sibility of defining a series of interdependen-
cies. Reporting similar results for the front and
rear axles in the first four vehicles and then
for the last four vehicles shows the lack of
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influence of the suspension system on the EU-
SAMA coefficient, depending on the size and
distribution of the load. The changes are close-
ly connected with the vehicle lengths, wheel-
bases and kerb weights. For example, in the
case of the vehicles No. 1-4, which were lon-
ger, with larger wheelbases and kerb weights,
the change of loads spurred a large rage of the
EUSAMA coefficient changes for the rear axles
and relatively small for the front axles. In the
vehicles No. 5-6, relatively small changes were
also featured for the rear axles and large ones
for the front axles.

In each of the tested vehicles, both for the
front axles and rear axles, practically in all load
variants, slightly smaller values of the damping
coefficient of shock absorbers on the right side
were found.

CONCLUSION

The test results indicate that when using a
vehicle under varied load conditions, there are
changes in the damping coefficient of shock
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Fig. 13. EUSAMA coefficient trend, depending on the load in the W07 vehicles:
a) front axle; b) rear axle.
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Fig. 14. EUSAMA coefficient trend, depending on the load in the W08 vehicles:
a) front axle; b) rear axle

absorbers. This may translate directly into the
traction characteristics and stability of a vehicle
while travelling, and this, in turn, is connected
with the vehicle’s safety.

This paper shows the considerable influence
of the tyre pressure on the EUSAMA coefficient.
This was particularly visible for the front axle
of the D-segment vehicle (according to the Eu-
ropean classification) where, together with the
tyre pressure change, the changes in the damp-
ing coefficient of shock absorbers reached over
30%. In an SUV-type vehicle, the changes were
smaller and reached approximately 15%. For the
rear axle, smaller values were noted between both
vehicles. The changes in the vehicle loads also in-
fluenced the values of the damping coefficient of
shock absorbers.

The changes in the damping coefficient of
shock absorbers were also influenced by the size
and distribution of loads in vehicles. It was deter-
mined that the largest values of the EUSAMA co-
efficient are reached with the loads located in the
driver’s seats and in trunks and the smallest val-
ues were reported for loads located in the driver’s

seats only. For the front axles, the smallest values
of the EUSAMA coefficient were featured with
loads located in the driver’s seats and in the trunk
and the largest values were determined for ve-
hicle loads of 400 kg, distributed evenly in the
passenger space.

Although no dependencies were determined
between the vehicle suspension system types and
the EUSAMA coefficient, depending on the size
and distribution of loads, the crucial influence on
the value of this coefficient was exerted by the
vehicle kerb weights, their lengths and wheel-
bases. In the vehicles with larger kerb weights
and wheelbases, longer and larger changes in
the EUSAMA coefficients were observed for
rear shock absorbers with individual load vari-
ants. The changes amounted to approximately
25%. On the other hand, in smaller vehicles, the
changes reached approximately 10%. A reverse
dependency was observed for the front axles. In
smaller vehicles, the range of changes of the EU-
SAMA coefficients reached approximately 25%
and for larger vehicles, the changes reached ap-
proximately 15%.
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