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Ulunvl  gocnpunuMalom HepPoSHOCHU O0OPO’CHO2O0 NOKPLIMUsL Npu
dgudicenuy  mpancnopmuo2o cpeocmea. Kecmxocmv wiun sensemcs
BANCHETUUM NAPAMEMPOM UX IKCHIYAMAYUOHHBIX XAPAKMEPUCIMUK U
OOHUM U3 KIIOUeBblX (haKmopos, nusiowux Ha pabomy noogecku. B pa-
bome UCnoab3yemcs KOMOUHAYUST IKCREPUMEHMATLHBIX MEMOO08 U MO-
Oenuposanus 01 UCCIe008aAHUsL B030eUCMBUs OABNeHUs U HASPY3KU HA
JHCECMKOCHb WUH U AHATU3A GIUSHUSL DUX RAPAMEMPO8 HA Koaebanus
KY3080 MPAHCHOPMHO20 CPeOCmad, e20 GUOPOYCKOpeHUs U 8pemst Oni-
kauxa. Onpedenenue HcecmKocmu WUH NpU 8apuayuu O0daeieHus u
HA2py3KU NPOBOOUNLOCH IKCHEPUMEHMATLHO HA UCTIIMAMETbHOM CIMeHOe
¢ nocnedylowei nepeoaveil amux 0annvlx 6 1/4 modenv nodsecku 0is
ananuza eudpayuu Kyzoea asmomodouns. Kax nokxasaru pezyivmamol
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Meopemuyeckux U IKCHePUMEHMATLHBIX UCCAEO08AHUL 8 YCI0BUAX OM-
Cymcemeusi Hazpy3Kku (8 CHAPSANCEHHOM COCMOSHUU A8MOMOOUIA) u3Me-
HeHue 0aGIeHUsl 8 WUHAX NPAKMUYECKU He OKA3bleaem GIUSHUS HA Pa-
bomy noodgecku. Bapuayus daenenus 6 wiunax npusooum K uzMeHeHUo
amMnaumyo Koiebanutll Ky3068a mpancnopmuo2o cpeocmsea He Oojee wem
Ha 6,6 %, a npooobHO20 YCKOpeHUs Ky306a He bonee uem Ha 11,9 %.
Ilpu smom epems 3amyxanusi KOIeOAHULl OCMAEMCcst NOCMOSHHbIM 60
6cem ouanasone dasnenutl 6 wunax u cocmagisem 1,35 cexynovi.

Tires perceive road surface unevenness when vehicles are moving.
Tire stiffness is the most important parameter of their performance
characteristics and one of the key factors affecting on the suspension
system operation. The paper illustrates a combination of experimental
and simulation methods to investigate the effects of pressure and load on
tire stiffness and analyze the influence of these parameters on vehicle
body vibrations, longitudinal body acceleration and response time. Tire
stiffness was determined experimentally with pressure and load changes
on a test bench, which were then converted into a 1/4 susp vehicle body
oscillation ension simulation model for analyzing vehicle body vibration.
The theoretical and experimental results demonstrate that under unload-
ed vehicle conditions the performance of the suspension system remains
consistent. Changes in tire pressure lead to deviations in vehicle body
oscillation amplitudes by no more than 6,6 % and longitudinal body ac-
celeration by no more than 11,9 %. At the same time, the damping time
of oscillations is consistent across all tire pressure conditions, measured
at 1.35 seconds.

Knwuesvle cnosa: noogecka, jcecmkocms wiuH, Od6ieHUe 6 WUHAX,
ucneimamenvHsliil cmeno, 1/4 mooenv noogecku asmomoouwis, mooeiu-
posanue, subpayusl Ky3068a agmomMoOus.

Keywords: suspension, tire stiffness, tire pressure, test bench, quar-
ter-car suspension model, simulation, vehicle body oscillation.

INTRODUCTION

The suspension system plays a crucial role in ensuring the safety
and comfort of a vehicle. It is a primary concern for both users and man-
ufacturers, leading to numerous studies focused on improving the
smoothness of the suspension system. Within the suspension system,
tires significantly impact overall performance.
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Many studies have demonstrated the influence of tires on the
suspension system. Parczewski [1] and Andrzej Zuska et al. [2] have
shown that changes in tire pressure cause variations in the radial
transformation and lateral stiffness of the wheel, reducing the radial
stiffness of the tire and resulting in changes in the equivalent vertical
stiffness of the suspension system. Additionally, it increases the braking
distance for both straight-line and curved-line driving and develops the
vehicle's understeer tendency. Ha D. V. [3] investigated semi-trailers and
found that tire stiffness affects the dynamic load of the vehicle, reducing
the tire's road-friendliness. Similarly, Van L.V. [4] indicated that
increasing tire stiffness raises the dynamic load and vice versa.

This paper evaluates the impact of tire characteristics, specifically
the variation in pressure applied to the wheels, on the performance of the
suspension system in a 2014 Toyota Vios. The study employs a
combination of experimental methods and simulation to analyze vehicle
body oscillation, acceleration, and response time, thereby assessing the
influence of these parameters on the suspension system. The experiments
determined that tire stiffness depends solely on pressure and specific
load. These parameters were then used as inputs for the suspension
system simulation model. The resulting graphs of vehicle body
oscillation and acceleration provide insights into how tire pressure
characteristics affect the suspension system's performance.

METHOD

Quarter-car suspension model.

A quarter-car model was constructed to investigate vehicle vibrations.
Fig 1 illustrates the system's dynamics where m, and m represent
the sprung and unsprung masses respectively. Additionally, the system
includes an elastic component characterized by stiffness C and spring
force F, and a damping component represented by damping coefficient
K and damping force Fy.

The coordinates of the sprung and unsprung masses are Z and z,
respectively, with the height of the pump on the road surface denoted as
h. Therefore, the following forces acting on the system are expressed by
equations (1) and (2):

Fe=Fn=C,=C-(z,-2); (1)
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Figure 1 — Quarter-car suspension model

The tire has C;, as the tire stiffness Fcr as the elastic force of the tire,
K. as the damping coefficient of the tire, and Fx; as the damping force
of the tire. Therefore, the deformation force is presented by (3):

Foo =CL M =C (h-2) and Fey =K v, =K (h-2,).

Separating the sprung and unsprung masses, applying the forces
and balancing the forces according to D'Alembert's principle, the system
of oscillation equations is obtained by (4) and (5):

m,-Z=C-(z,-2)+K-(3,-2); (4)
:m-%,=CL-(h-2)+KL-(h-2)-C-(z,-2)-K-(2,-2). (5)

The input parameter for the model is the height of the road surface
irregularities. When the wheel drops from a height of 0.175 m to the road
surface, solving the system of equations yields the real-time oscillation
graph of the sprung mass. The suspension system parameters, damping,
and tire stiffness are taken according to the design specifications
of the vehicle model used in the study. Tire stiffness is an input
parameter for the quarter-car model and this parameter can change
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depending on actual conditions. Therefore, this article conducts
experiments to evaluate the effect of load on tire stiffness.

Real experiments.

To gather parameters for the simulation process, the study conducted
experiments to determine tire stiffness under various load and pressure
conditions. The experimental setup included a suspension system test
bench, height gauge, 2014 Toyota Vios, load measurement devices,
and tire pressure measurement devices.

The experimental procedure began with placing the vehicle on the
test bench and using a tire pressure gauge to determine the tire pressure.
Subsequently, different loads were applied to the vehicle, measured at
four distinct load levels (as indicated by the load measurement devices).
For each load, a height gauge was used to measure tire deformation, and
the data was recorded. This process was repeated with different tire
pressure settings.

Tire stiffness depends on various factors, including tire material, tread
pattern, tire pressure, and load. Changes in tire stiffness (C.) alter the
force Fcy, thereby affecting the performance of the suspension system.
As tire pressure and load increase, tire stiffness also increases, leading to
reduced shock absorption efficiency. Table 1 illustrates the variation in
stiffness with pressure for different load levels.

Table 1 — Tire stiffness variation with pressure and load

18bar | G(N) | 2bar | G(N) | 2,2bar | G(N) | 2.4bar | G (N)
1960 2150 2163 2474

2010 c 2135 c 2157 c 2529

C (Nfem) | 2060 | (oo [ 2125 | (0 [ 2135 | [ 2514
2121 2178 2185 2468

2116 2166 2170 2466

o o Cuw Cuw

o | 2953 | owemy | 2850 | nemy | 2192 | ey | 2490

This research computes the average tire stiffness with the same
pressure at different loads to evaluate an overview of tire stiffness
according to pressure but disregarding the vehicle's load. Figure 2
illustrates stiffness as a function of pressure. To facilitate the
calculation of tire stiffness at any pressure, the following second order
polynoml model (6) can be employed:
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y=4029,9 —2466,8- X+755,63- X2, (6)

in which y represents the tire stiffness (N/cm), and x denotes the tire pressure.
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Figure 2 — Tire stiffness corresponding to tire pressure

RESULTS

Experiments were conducted by fixing the vehicle's mass and varying
the tire pressure, leading to changes in tire stiffness for investigating
the vehicle body oscillation concerning changes in tire stiffness. The
research examines the vehicle's mass when unloaded, equivalent to
240 kg (quarter-car model), and the tire pressure ranging from 1.8 bar to
2.4 bar in the quarter-car model. The value of tire stiffness was
calculated corresponding to each pressure value, as shown in tab. 1.

Substituting the vehicle parameters and each stiffness value into
the previously constructed quarter-car model in the software (fig. 2),
the article obtains the vehicle body oscillation amplitude graph (fig. 3)
and the acceleration graph of the vehicle body (fig. 4) corresponding
to each different pressure.

Figure 3 shows that changes in pressure have minimal effects on the
vehicle body oscillation with the same mass. At a pressure of p = 1.8 bar,
maximum amplitude Zn = 8.47 cm and minimum amplitude
Zmin = 4.39 cm by absolute from the new road level. Meanwhile, at a
pressure of p = 2.4 bar, maximum amplitude Zy, = 8.97 cm and
minimum amplitude Zn, = 5.78 cm. Therefore, the difference in
oscillation amplitudes between the two cases can be evaluated. The
difference in oscillation amplitudes corresponding t0 Zpax is 6 % and Zy,
is 6.6 %. The damping time of oscillation in both cases is the same,
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averaging 1.35 seconds. These results indicate that the influence of pressure
on the vehicle body displacement is negligible, only about 6 %, which is
quite small.

vehicle body oscillation amplitude
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Figure 3 — Vehicle body displacement graph
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Figure 4 — Vehicle body acceleration graph

Figure 4 shows that changes in pressure have minimal effects on the
vehicle body acceleration with the same mass. At a pressure of
p = 1.8 bar, the maximum acceleration ans = 13.4 m/s2 and the minimum
acceleration amin = 9.22 m/s2 by absolute values. Meanwhile, at a
pressure of p = 2.4 bar, the maximum acceleration ams = 15 m/s? and the
minimum acceleration ani, = 9.66 m/s2. The difference in acceleration
between the two cases, corresponding to the maximum acceleration
value, is 11.9 %, and for the minimum acceleration value, it is 4.8 %. It
can be seen that the change in acceleration in both cases is quite small,
and the damping time of oscillation is the same. This indicates that when
driving on the road, the driver may have difficulty perceiving the
difference in vehicle body oscillations when driving with different tire
pressures. Similarly, as observed in the investigation of vehicle body
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displacement, the acceleration along the vehicle body with respect to
pressure also remains relatively small, below 12 %.
CONCLUSION

The article evaluated the effectiveness of the suspension system by
examining tire stiffness, which varies with tire pressure. The relationship
between tire stiffness and pressure is described by a quadratic equation
based on experimental data. The simulation results demonstrated that,
under unloaded conditions, changes in tire pressure resulted in vehicle
body oscillation amplitudes varying by no more than 7 %, and
longitudinal body acceleration differing by no more than 12 %. The
damping time of oscillations was consistent across all tire pressure
conditions, measured at 1.35 seconds. This indicates that, with a constant
load, drivers are unlikely to perceive significant differences in vehicle
body oscillation when driving with varying tire pressures.

Funding: This research is funded by the Hanoi University of Science
and Technology under project number T2023-PC-023.
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