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Abstract:

This paper contributes to the modeling of a semi-active control of a
quarter vehicle model using air springs. A conventional mass-spring-damper
model has been used along with an air spring. Based on the theory of
thermodynamics, the dynamic equation of the air springmodelwas
established. The simulation model was implemented using MATLAB and
the transfer functions with varying parameters were calculated. The
simulation results show that air spring pressure, the valve diameter, the
dumping coefficient and the mechanical stiffness affect the dynamic
response of the system. A semi-active control methodology was then
established by controlling the valve diameter using two declinations of an
on-off logic switch based on the velocity of the suspended mass and the
relative velocity at both ends of the air spring. The obtained results show
reduced oscillation amplitudes around the natural frequency of the system.
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Introduction

The automotive industry uses different kinds of suspension systems
depending on costs, allowable space, kinematic properties and compliance
attributes. The main purpose of a vehicle suspension system is to support
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the vehicle weight as well as to ensure a permanent liaison between the
tires and the road,to minimize the relative displacement between the sprung
and unsprung mass and to keep that displacement inthe range allowable by
vehicle design (Hrovat, et al., 1988, pp.288-296).

Vehicle designers have given serious considerations to the suspension
control system in order to enhance driving comfort, stability and road
handling of the vehicle within the broad range of exploitation conditions. In
fact, when accelerating, braking or bumping, high stiffness is required to
minimize oscillations and enhance handling properties. When driving on a
high category road, low stiffness is required for driving comfort (Karnopp,
2013, Gillespie, 1992).

These requirements cannot be achieved by passive suspension
systems. Therefore, an increasing need has appeared over the last years
for new suspension systems which can handle the broad range of driving
conditions to improve driving comfort and handling properties. In the
literature, these systems with controlled characteristics are called “active”
and “semi-active” suspensions. Their classification can be found in (Wang,
2001), (Silani, 2004), (Robinson, 2012), and will not be given in this paper.
In these new systems,air springs have found wide usein vehicle
suspensions due to their key characteristic - they can change their dynamic
stiffness depending on driving and road conditions.

The most commonly used vehicle models for research purposes are
mainly quarter vehicle models (Sekulic, Dedovic, 2011, pp.231-
244) Higherprecision can be achieved using half (Abbas, et al., 2013,
pp-199-205) and full models (Demic, et al., 2006, pp.145-158).

A semi active suspension is composed of a spring type element and an
adjustable dumper along with a control strategy. Numerous control schemes
can be found in the literature. A concept based on changing natural
frequency of the air spring has been introduced in (Porumamilla, et al.,
2008, p.31001). The method consists of changing the dumping ratio of the
system air spring-accumulator by opening and closing the connecting valve
but no control was used. In (Porumamilla, 2007) a mathematical model,
similar to the one established in (Porumamilla, et al., 2008, p.31001) was
used along with a sliding mode controller with reference to a skyhook. A
logic switch method was used in (Demic, 2005)based on the control of the
damping coefficient under certain conditions.

In this paper, a semi active suspension of a quarter vehicle model is
analyzed, using the air spring dynamic model developed in (Robinson,
2012). Two versions of the on-off logic switch method were used to test the
semi active control of the suspension.
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Quarter vehicle suspension model

The physical model of the quarter vehicle model is illustrated in Figure
1.The model consists of a mass supported by a spring type element, a
damper, and an air spring, while the other ends are attached to the base.
The reversible sleeve air spring is a rubber chamber with flexible walls
which expands and retracts under pressure. The resulting vertical reaction
of the spring that transmits directly to the mass support is expressed as:

l:sp = (Psp - l:)spo)-Aeff (1)

Where A is the effective area that supports the sprung mass, the
function of the air spring height, P, is the absolute pressure in the air

spring, andPy,, is the absolute pressure in the air spring at equilibrium.

TZ(t)

M

K c | Air spring

Azo(t)

Figure 1 — Quarter vehicle model
Slika 1 — Cetvrtinski model vozila
Puc. 1 —YeTBepTHas moaenb aBTomobuns

The mass M shows a vertical bouncing motion. The motion is
restricted to the vertical to the plan e, e;. The system has one degree of
freedom characterized by the generalized coordinate z(t). It describes the
deviation of the vehicle body from its reference position which coincides
with the equilibrium position att = 0 (z(t = 0) = z(t =0) = (Z(t = 0) = 0).

Using Newton’s Second Law of Motion with the assumed coordinate
direction shown in Figure 2, the force balance on the suspended mass
reads as:

Mi#(t) = —F — F. — F, — M. g )

P
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Therefore, Vsp can be expressed as:
. dvs dh .
Uy = (2)- (&) = kb (18)

Bearing in mind that the volume of the reservoir is constant, the
differential equation governing the pressure in the reservoir is:

n-—1
5 _ MRTre) (P S
B =200 (Pr(e)) i (19)
If the air spring oscillationsare considered isothermal, the dynamic
equation of the reservoir would be:
nRTr(e) m

Bo= "0 (20)

The differential equations have the following initial conditions:
Psp(tzo)zpr(tzo)zpsp(e) (21)

Because of further projected research purposes, the air spring choice
was made so that it can support the weight of a quarter heavy road vehicle
(20 tons).The air spring chosen for the simulation is the Firestone 1T15M-2
air spring. The working parameters are resumed in Table 1, (Firstone,
2007, p.93).

Table 1 —Working parameters for the simulation
Tabela 1 — Radniparametrizasimulaciju
Tabnuya 1 — Pabo4yve napameTpbl ANs MOAENUPOBaHUS

he |AcsrolVspe)| Y | T. | Cq | Pspie Aerr(h) Vsp(h)
[m] | [m?] |[m?]|[m?]| [K] | [-] [105Pa] [m?] [m3]

0,24 |0,0485(0,011| 0,04 | 293 | 0,63 | 2—9 |-0,05h + 0,0573|0,05h — 0,00156

Dynamicequationofthevalve

In general, the air flow through an orifice is a highlynonlinear process,
depending on numerous parameters. An equation governing air flow
through a restriction was developed in (Zheng, et al.,, nd) which
distinguishes whether the flow is laminar or turbulent:

P 0518
lfP .

u
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Vsp Psp dm/dt
Tsp //
- Valve
Air spring Reservoir

Figure 3 — Physical model of the air spring
Slika 3 — Fizi¢ki model vazduSne opruge
Puc. 3 — duanyeckassmogenbnHeBMaTUHECKONMPYXMHbI

The pressure, volume and the density of air in the air spring are
variable with the height of the air spring. Bear in mind the assumption that
the air is an ideal gas, and that the air spring oscillation is regarded as an
adiabatic process. The mass flow rate of air intothe air spring volume can
be written as

Assuming an adiabatic transfer of the air, the relationship between the
density and the volume of two different states can be expressed by

1

Psp - ( l:’sp )H (9)
Psp(e) Pspe)
Where:

Psp(e) : @ir density at equilibrium;

Vsp(e) : @ir volume spring at equilibrium;

n : air adiabatic exponent (n = 1,4).

The ideal gas law at equilibrium can be expressed as

Psp(e) Vsp(e) = Msp(e)RTspe) (10)
Where:

R : is the air specific gas constant R = 287,06 ].Kg~1.K™1;
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Tspce) - is the air temperature at equilibrium.

The air density at equilibrium is
Psp(e) = Zeb@© (11)

Replacing the expression of the mass of air at equilibrium in (10)
leads to

_ Psp(e
Pspe) = ﬁp(e) (12)

Substituting (12) in (7) and differentiating with respect to timeproduces

n-1

. Psp(e) ( l:’sp ) n -
=——|— .P, 13
PSP = MR Tepe) \Pepce) Sp (13)

Substituting (13) in (8) and rearranging the terms produces the
firstorder differential equation for the air pressure in the air spring

n-—1

, nRT P n . nPg, .-
byp = RO (T ) T g e (14)
Vsp \Psp(e) Vsp

If the air spring oscillations are to be assumed as isothermal, then
therelationship between the density and the volume of two different
stateswould be

o (o) (15)

Psp(e) Vsp(e)

In this case, the differential equation for the pressure is

- RTS e . N ’
Psp=%f.m+%vsp (16)

The volumeV, needs to be determined. Previous research has
suggested that, for engineering purposes, the volume can be assumed to
be a function of height only without significant loss in accuracy (Quaglia,
Sorli, 2001, pp.443-475). The relation between the volume and the air
spring height will be determined using the dynamic chart provided by the
manufacturers

Vsp = sp(h) (17)
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Therefore, Vsp can be expressed as:
. dvs dh .
Uy = (2)- (&) = kb (18)

Bearing in mind that the volume of the reservoir is constant, the
differential equation governing the pressure in the reservoir is:

n-—1
5 _ MRTre) (P S
B =200 (Pr(e)) i (19)
If the air spring oscillationsare considered isothermal, the dynamic
equation of the reservoir would be:
nRTr(e) m

Bo= "0 (20)

The differential equations have the following initial conditions:
Psp(tzo)zpr(tzo)zpsp(e) (21)

Because of further projected research purposes, the air spring choice
was made so that it can support the weight of a quarter heavy road vehicle
(20 tons).The air spring chosen for the simulation is the Firestone 1T15M-2
air spring. The working parameters are resumed in Table 1, (Firstone,
2007, p.93).

Table 1 —Working parameters for the simulation
Tabela 1 — Radniparametrizasimulaciju
Tabnuya 1 — Pabo4yve napameTpbl ANs MOAENUPOBaHUS

he |AcsrolVspe)| Y | T. | Cq | Pspie Aerr(h) Vsp(h)
[m] | [m?] |[m?]|[m?]| [K] | [-] [105Pa] [m?] [m3]

0,24 |0,0485(0,011| 0,04 | 293 | 0,63 | 2—9 |-0,05h + 0,0573|0,05h — 0,00156

Dynamicequationofthevalve

In general, the air flow through an orifice is a highlynonlinear process,
depending on numerous parameters. An equation governing air flow
through a restriction was developed in (Zheng, et al.,, nd) which
distinguishes whether the flow is laminar or turbulent:
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m = C,SP, \/LZ_" (P_d)% - (i_j)n’tl] .sign(Py — P,) (22)

RT,n-1|\P,

it 0518
if p =0
1

. 2 \1-n |2 1 .
= CaSP(555)" i 19n(Pa = R) )
Where

P, = max(Psp, ), Pg = min(Pyp, ).

pl

2
S = ndTis the area of the orifice.

Cq4is the coefficient of discharge of the orifice.

Simulation results and discussion

Because the dynamic model under study is nonlinear, it is quite
difficult to solve the sets of differential equations (4), (14), (19) and (4),
(16), (20) with analytical methods. The sets will be solved using numerical
methods with a help of the MATLABsoftware package. The base excitation
is set as a poly-harmonic function of ten harmonics with a frequency range
from 0.5 to 30 Hz and anamplitude of 0.012 m.

The paper analyses the effect of the spring stiffness, the shock
absorber damping coefficient, the valve diameter, the air spring pressure
as well as the air exchange process (adiabatic/ isothermal) on the transfer
function of vertical displacement.

Effect of the spring stiffness

Calculating the transfer function of vertical displacement with varying
mechanical stiffness showsthat the amplitude of vertical displacement
decreases asthe spring stiffness increases for excitations frequencies
below 1 Hz (Figure 4). For frequencies higher than 1 Hz, suspension
deformation increases as mechanical stiffness increases. On the abscise
axis, the resonant frequency of the sprung mass grew slightly as
mechanical stiffness increased.
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Frequency response  ¢=10000 Ns/m m=3600 kg d=10 mm

k=150000 N/m
3 ~ k=120000 N/m
7/ \ k=90000 N/'m
25 /s k=60000 N/m
g * k=30000 N/m

Amplitude

Phase (deg)

-100 -

120 N e ———————

140 " " " A

Frequency (Hz)

Figure 3 — Transfer function of vertical displacement for different values of spring stiffness
Slika 4 — Prenosna funkcijavertikalnogpomeranjazarazli€itevrednostikrutostiopruge
Puc. 4 — NepepaTtoyHas yHKLMSA BEPTMKANBHOIO CMELLEHNS NMPY PasfnyHbIX
KO3 DULMEHTaXYNPYrOCTN MPYXNHbI

Effect of the shock absorber damping

Figure 5 shows that the amplitude of vertical oscillations increases
within the domain of resonant frequency as the damping coefficient
increases. However, this increase didnot significantly affect the resonant
frequency of the sprung mass (around 1.3 Hz). Smaller damping
coefficients ensure better oscillatory comfort for frequencies above the
resonant frequency.
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Frequency response  k=100000 N/m m=2600 Kg d=0 mm

Amplitude

©=10000 Ns/m
©=8000 Ns/m
©=6000 Ns/m
©=4000 Ns/m
©=2000 Ns/m

50

-100

Phase (deg)

-150 —

20— L

10° 10'
Frequency (Hz)

Figure 4 — Transfer function of vertical displacement for different damping values
Slika 5 — Prenosna funkcija vertikalnog pomeranja za razli¢ite vrednosti prigusenja
Puc. 5 — NepepaTto4yHas PyHKUMS BEPTUKANBHOIO CMELLEHMS MPU Pas3nuYHbIX

KoahpuumeHTax satyxaHus

Effect of the air spring pressure

As shown in Figure 6, enhancing the static pressure in the air spring
results in the increase of both the resonant frequency and the vertical
amplitude. This behavior is similar to the effect of mechanical stiffness, which
means that as the static pressure in the air spring increases, the dynamic
stiffness of the air spring risesaround the resonant frequency and higher.

Frequency response m=3600 kg c=5000 Ns/m k=30000 N/m d=0

Amplitude

Psp(eq)=9 Bar
Psp(eq)=8 Bar
Psp(eq)=7 Bar
Psp(eq)=6 Bar
Psp(eq)=5 Bar
Psp(eq)=4 Bar
Psp(eq)=3 Bar
Psp(eq)=2 Bar

Phase (deg)

Frequency (Hz)

10°

Figure 5 — Transfer function of vertical displacement for different values of static pressure
Slika 6 — Prenosna funkcija vertikalnog pomeranja za razli¢ite vrednosti statickog pritiska
Puc. 6 — MNepegaTtoyHas yHKLMSA BEPTMKANBHOINO CMELLEHNS NPY PasfnyHbIX

KoahpmumeHTax cTaTu4eckoro AaBneHns
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However, for frequencies below the resonant frequency, higher
pressures give a better oscillatory behavior.This behavior is similar to the
effect of mechanical stiffness, which means that as the static pressure in
the air spring increases, the dynamic stiffness of the air spring rises around
the resonant frequency of the sprung mass and higher. However, for
frequencies below the resonant frequency, higher pressures give a better
oscillatory behavior.

Effect of the air exchange process

10' Frequency response  c—5000 Ns/m k=50000 N/im d=0_m= 3600 Kg
- . e e . . —— 7 ' : P
n=14
_ ' n=1
10— § 3
- 3
2 S 3
2,
Z10F IS 3
] S 3
e, -
107k \ 3
) L I \
10
10° 10' 10°
2 T T T
0 — .
2 N\ -
_ 40 \ \ -
= \
2 60 \ -
@ \
2 el .
'3 ———
T ok \ - ]
e
204 e 4
-140 - \Vx L — -
160 1 — A 1 1

Frequency (Hz)

Figure 6 —Transfer function of vertical displacement for the adiabatic/ isothermal exchange
Slika 7 — Prenosna funkcija vertikalnog pomeranja za adijabatsku/izotermnu razmenu
Puc. 7 — lNepedamoyHasi hyHKUUST 8epmuKasibHo20 coguea npu aduabamuyeckom /

u3omepmu4eckom obmeHe

The air exchange process does not affect significantly the
amplitude of oscillations of the sprung mass around the resonant
frequency (Figure 7). However, at lower frequencies (below 1.3 Hz), the
adiabatic process (n=1.4) ensuresa better oscillatory behavior. Above
1.3 Hz, lower oscillation amplitudes were provided during the isothermal
air exchange.
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Phase (deg)

Effect of the valve diameter

It can be concluded from Figure 8 that the valve connecting the air
spring and the reservoir behaves like a dumper. In fact, the transfer
functions in Figure 8 are analogous to those in Figure 5 which represent
the effect of the shock damper coefficient.

Frequency response m=3600 Kg c=5000 Ns/m k=100000 N/m

— d=10 mm
8r d=8 mm

— d=6 mm
2 6F ——d=4 mm
= —d=2 mm
£ 4f A E
< IA

1 L
10' 10°

-150 =

il " 1 PSS S |

10' 10
Frequency (Hz)

Figure 7 — Transfer function of vertical displacement for different valuesof the valve diameter

Slika 8 — Prenosna funkcija vertikalnog pomeranja za razliite vrednosti prec¢nika ventila
Puc. 8 — MepepatoyHas dyHKLMSI BEPTUKANBHOTO CMELLIEHUS NPU pasnuYHbIXaUaMeTpax KrnanaH

For frequencies close to the resonance frequency, the higher the
valve diameter, the higher the oscillation amplitude. This can be explained
by the fact that the smaller the diameter of the orifice is, the higher the
resistance to air flow through the valve gets. This causes the orifice to

dissipate more energy as the air flows back and forth between the air
spring and the reservoir.
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Control strategy

The proposed control strategy is similar to the one used for semi-
active dampers based on the measurement of relative velocity onthe both
ends of the damper. The method consists of controlling the valve diameter
of the air spring under certain conditions. In fact, when the velocities of the
upper and the lower ends of the air spring (i.e. velocities of the sprung and
the unsprung mass) have the same direction, the valve is set as fully
opened. In the other case, the valve is set to closed. This strategy is called
“Direct switching logic”. Another version of this method will be tested by
inverting the testing logic. When the velocities of the sprung and the
unsprung mass have the same direction, the valve is set as closed. In the
other case, it will be set as fully opened, hereafter referred to as “Inverted
logic switch”. In term of equations, we can write:

if 2.(2 — 29) > 0 then dpgpe = dmax

Direct switching: {if 2.(2 — 29) < 0 then dyguyy = s

if 2.(2 — 2) > 0 then dpgrpe = dmin

Inverted switching: {if 5.(2 — 29) < 0 then dygipe = dymgy

Results of the simulation and the discussion

The simulation of the control strategy is held under the same
conditions as in the previous simulation. Asit can be seen from Figure 9,
the controlling method influences both the amplitude of oscillations and the
resonant frequency of the system.In fact, the oscillation amplitude drops
around and below the resonant frequency (1.3 Hz) when applying the
direct logic switch. For frequencies higher than the resonant frequency, the
two graphs tend to coincide with each other. For the inverted switch, the
same behavior was observed but with a smaller amplitude. On the other
hand, when applying both controllers, the resonant frequency moves to the
right of the frequency axis.
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Amplitude

Phase (deg)

Frequency response ¢=20000 Ns/m k=100000 N/'m m=3600 kg
T T T T T

i Inverted logic switch
i —— Without logic switch

Direct logic switch

T T T TT T T N S s e T T T T
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Frequency (Hz)

Figure 8 — Transfer function of vertical displacement with the logic switch controller
Slika 9 — Penosna funkcija vertikalnog pomeranja s kontrolom logic¢kog prekidaca
Puc. 9 — NepegaToyHas yHKUMSA BEPTMKANBHOIO CMELLEHNS, ynpasnsemas fornyeckmm

KOHTPOINMEPOM

Conclusion

The results of the analysis presented in this paper have enabled us to
consider the effect of the mechanical stiffness, the damping coefficient, the
pressure in the air spring, the air exchange process as well as the valve
diameter on the oscillatory behavior of a quarter vehicle model in the
frequency domain. It has been observed that the change in the suspension
parameters leads to the following conclusions:

Amplitude of oscillations was reducedas mechanical stiffness was
increased for excitation frequencies below 1.3 Hz. Within the zone
of the resonant frequency and higher, the oscillation amplitudes
were increased as spring stiffness increased.

Higher damping coefficients provided less important oscillations of
the sprung mass at excitation frequencies close to the resonant
frequency. At frequencies above 1.3 Hz, a lower damping
coefficient results in lower oscillation amplitudes.

Air spring dynamic stiffness increases as static pressure rises.
Higher pressures increase oscillations of the sprung mass around
the resonant frequency and above it.

The valve behaves as a shock damper. The smaller the diameter
of the orifice, the higher the energy dissipation through the valve.
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e Lower exchange exponent (isothermal process) ensures lower
oscillations at the excitation frequencies below the resonance.
Above the resonant frequency, the adiabatic process provided
lower vibration amplitudes.

The observed semi-active control strategies with the “on-off’ switch
improved thesuspension characteristics by reducing the amplitude of
oscillations around and below the resonant frequency. The inverted logic
switch provided the lowest amplitude. However,no significant effect was
observed when applying the control strategy at higher frequencies.
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BKINAL B MOOENTMPOBAHWE YCTPO@CTBA YMPABJIEHWA
NMHEBMATUYECKOW MOJNTYAKTBHOW NMOOBECKOU
TPAHCIMOPTHOIO CPEACTBA

Habun C. Kxettoy®, Mupocnas M. ,U,eMVI‘-IS,

Cnasko P. Myxgeka®, Munan M. Kpcmanosuy®

? YnueepcuteT 060poHsI Br . Benrpag BoeHHas akagemus
® npodpeccop Ha neHcum

OBNACTb: malMHOCTpOeHne
BUOCTATbW: npodeccrnoHanbHas ctatbs
A3BIKCTATbW: aHrnuickmn

Pe3some:

B cmambe onucaHo modenupogaHue cucmeMbl MoyaKmueHoU
nHeemamuyeckol  nModeecku  MmpaHCriopmHoz2o  cpedcmea ¢
npumMeHeHuUeM YemeepmHoumodeniu asmomoburs. Paccmampueanack
rnodeecka mpaduyuUoHHO20 murna (ModpeccopeHHasi macca — macca-
MpY)XUHa-aMopmu3amop) ¢ MPUMeHeHUeM MHEe8Mamu4eCcKoU MpyXUHbI.

JuHamudeckue  ypasHeHUs]  [MHEBMAMUYECKO20  yrpyao2o
anemeHma 8biI8e0eHbI Ha OCHo8e 3aKOHO08
mepmoduHamuku.MimumayuoHHasi modernb 6bina paspabomara npu
ucrionib3ogaHuu rnpozpamMmHO20 obecneyeHus MATLAB. B
molenurnipugedeHbl  niepedamoyHbie  (byHKUUU  8epmuKasibHO20
cMeuwjeHUs1 NoOpeCcCcopeHHbIX Macc C MepeMeHHbIMU napamMempamu.

Pesynbmambi ~ MoOeniuposaHusi ~ rokasblearom, 4mo  Ha
OuHamMuyecKkue xapakmepucmuKku cucmembl enusiiom credyrujue
¢hakmopbi:  OaerieHue 8 [HesMokamepe, OuaMemp  KiarnaHa,
KoaghgbuyueHm 3amyxaHusi U MexaHU4ecKasi XXeCmKOCMb [PYXUHBI.
Memod  ynpaeneHus  cucmemol  MofyakmueHol  rnodeecku
3akn4aemcs 8 nepeMeHHoM duamempe KnarnaHa C Ucrofib308aHUEM
08yXMO3ULUOHHO20 MEPeKioYamerisi, C y4emoM CKOPOCMU CMeWeHUs
roOpeccopeHHbIX  Macc  UOmMHOcUmMesibHOU  CKopocmu  Kpasi
rHesMmokamepsbl.  [lonydyeHHble  pe3ynbmambl  [10Kasblearom,  4mo
MPUMEHEeHHbIe c¢rocob  ynpaeneHusi U KoHgbueypauus nodeecku
obecriequsarom CHUXeHUe amraumyoObl KonebaHul rnodsecku U
pasHOBECHOE 0TOXKEHUE CUCMEMBI.

KntoueBble croBa: nHesMamuuyeckasi rnpyXuHa, nodsecka, rMHesMamuk,
asmomoburb.
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Sazetak:

U radu je prikazano modeliranje poluaktivnhog pneumatskog
sistema elasticnog oslanjanja koris¢enjem Cetvrtinskog modela vozila.
Koris¢en je konvencionalni model oslanjanja (oveSena masa — masa-
opruga-amortizer), u kombinaciji sa vazdusnom oprugom. Dinamicke
Jjednacine pneumatskog elasticnog elementa izvedene su na osnovu
zakona termodinamike. Simulacioni model razvijen je koriS¢enjem
programskog paketa MATLAB. U modelu su date prenosne funkcije
vertikalnih pomeranja oveSene mase sa promenljivim parametrima.
Rezultati simulacije pokazuju da na dinamicko ponaSanje sistema uticu
pritisak u vazdusnom jastuku, precnik ventila, koeficijent prigusenja i
mehaniCka krutost opruge. Metodologija poluaktivnog upravijanja
sistemom oslanjanja zasniva se na kontroli pre¢nika ventila koriS§¢enjem
dva stanja jednog on-off prekida¢a, na osnovu brzine kretanja oveSene
mase | relativne brzine krajeva vazdusnog jastuka. Dobijeni rezultati
pokazuju da usvojeni nacin upravijanja i konfiguracija sistema oslanjanja
obezbeduje smanjenje amplitude oscilacija oko ravnoteznog poloZaja

sistema.
Kljuéne reci: vazdusna opruga, oslanjanje, pneumatici, vozilo.
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