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The article presents the results of experimental and analytical research on the influence of the coefficient
of spring dampers of a pneumatic axle of a truck on the characteristics of vertical oscillations in the dynamic
system “‘pneumatic eye - suspension - spring mass”’, which is simulated on a stand. By compiling a mathematical
model of the system and solving it, an image of the amplitude-frequency characteristic of vertical oscillations of
the spring mass was obtained, using which it was established that the influence of changing the coefficient of
spring dampers on the oscillations of the spring mass is clearly manifested only in the resonant frequency
ranges, in other cases this influence is insignificant.
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The purpose of the research is to select the optimal elastic-damping characteristics of the tire to reduce
vertical oscillatory loads in the suspension of a truck. Therefore, the subject of the study was the ana-
lysis of vertical vibrations arising in the suspension of the car and the assessment of the impact of
changes in the damping coefficient of the tire on their characteristics.

The experiments were carried out on a stand created by the authors of the article (Fig. 1), which, using
an inertial vibrator in contact with the tire and the supporting surface of the bogie, produces a vertical
sinusoidal reaction force with a change in both amplitude and frequency in certain ranges. This allows
you to set different modes of vertical oscillations of the simulated dynamic system "pneumatic wheel -
-suspension - sprung mass" on the stand.One of the best approaches to research on the effect of change
in the magnitude of the tire damping coefficient on vertical oscillations of the sprung weight of the test
system is to construct an amplitude-frequency characteristic and then conduct a qualitative and quan-
titative analysis of the reduction of oscillations. Numerous studies have shown that the amplitude-fre-
quency characteristic provides a clear picture of studying the mechanism for the generation of dan-
gerous resonant oscillations in the vehicle suspension and the impact of changes in the parameters of
the elastic-damping elements on them .

The design of the test-bench allows for carrying out the pilot studies of the characteristics of vertical
oscillations in the real dynamic system of vehicle "pneumatic wheel-suspension-sprung weight". Also,
by designing a mathematical model of this system (Fig.2), and by the analytical expression of the
amplitude-frequency characteristic of the sprung weight obtained through its use, we can assess the
impact of change in the tire damping coefficient on vertical resonant oscillations of the sprung weight.
This approach allows us to conduct a comparative analysis of the results of the pilot and analytical stu-
dies within a single experiment, as well as to support the level of adequacy of the model.

As mentioned above, resonant oscillations can be established during the experiment by varying the ex-
citing sinusoidal force created by the inertial vibrator. In this case, the vertical displacements of both
the pneumatic wheel axis and the sprung weight are recorded at the fixed frequencies of forced sinuso-
idal oscillation by using a side-wire gage and the oscillating process recording equipment. Experi-
ments were performed for different values of the sprung weight M and the internal air pressure p,, in

the tire.



By designing a mathematical model of oscillation of a dynamic system on the test-bench and perfo-
rming the corresponding analytical transformations, the expression of the amplitude-frequency charac-
teristic of oscillation of the sprung weight was derived. For this, the scheme of an equivalent oscilla-
tion system was first drawn and differential equations of weight motion were composed.
The system of differential equations of weight motion is written as:

Z+4+2h.(Z—y)+6%(z—y)=0

. ) 2 2hy ., . g2 Py .
¥+ 2h,y+p y——(z—y)——(z—y)=—usmmt (),
! ! !

uMg +mg +c,v+k,v=0G,
where z —vertical displacement of the sprung weight;

v — vertical displacement of the pneumatic wheel axis;
62 =% — c,- natural oscillation frequency of the sprung weight Mon the elastic
element M;

p? = ¢ natural oscillation frequency of the wheel weight m;
m

2h, = % —1,-specific damping factor of the suspension having the inelastic resistance coefficient;

2h

w = % — k,,specific damping factor of tire having the inelastic resistance coefficient;
u—distribution coefficient of the car’s sprung weights.

The vertical reaction force G of the pneumatic wheel when in contact with the surface of the support
sledge of the test-bench is equal to the sum of the sprung weight Mg, the weight of the wheelmg, the
elastic resistance force of tirec,,y and the non-elastic resistance force k,,y. If we consider that the
vertical deformation of the elastic element of the suspension is X = X, (wt — ¢), and the vertical de-
formation of tire is f = y, we will also find the solution to the equation system using the trigonometric
functions: X = X, (wt — @) and f = f; (wt — ), where @ and y are the phase shifts of the forced

oscillations of the wheel axis and sprung weight.
Finally, for oscillation of the sprung weight on the test-bench, we shall obtain the following amplitude-
frequency characteristic:

X = 2P0 pt+4h2, @)
mp? 4y (a+2k,wZh, )2 +[b—(82—w?)2h,, 17 ’

where coefficients are as follows:
1
a = w*(p* — w?) — 6* [pz - (1 +!—£) wz],
b=-2 2 _(1+He?|.
ho [p? — (1+ Hw?]

Thus, the expression (2) allows to draw a diagram of the amplitude-frequency characteristic of the
sprung weight oscillation to a certain extent, as well as to assess the impact of change in the magnitude
of damping coefficient of tire on the value of damping of resonant oscillations.

The experiments were conducted on the tire radial designs of a 5.5-ton capacity truck: 370/R80-508,
model HP-56.

When the vertical load applied to the wheel is increasing from G,, = 15 [kN] to G,, = 30 [kN], the
damping coefficient of tire increases on average by 1,25 times, however, this difference is more
pronounced when the internal air pressure in the tirep,, decreases. For example, when G,, = 25 [kN],
and the pressure decreases from p,, = 0,5 [MPa] to p,, = 0,3 [MPa], then the value of the tire da-

mping coefficient increases by an average of 30 ... 32%. These result of change in the characteristic of
tire damping were taken into account when analyzing resonant oscillations of the sprung weight.



When the vertical load applied to the wheel is increasing from G,, = 15kN toG,, = 30 kN, the

damping coefficient of tire increases on average by 1.25 times, however, this difference is more
pronounced when the internal air pressure in the tirep,, decreases. For example, when G, = 25 kN,

and the pressure decreases from p,, = 0,5 MPa to p,, = 0,3 MPa, then the value of the tire damping

coefficient increases by an average of 30 ... 32%. These result of change in the characteristic of tire
damping were taken into account when analyzing resonant oscillations of the sprung weight.

To solve this problem, with the above mentioned magnitudes of normal load of the pneumatic
wheel,, = 25,6 KN and the internal air pressure in the tire, given the values of tire damping

coefficients determined by the bench-scale tests and the results of calculations using formula (11),
there were constructed the diagrams of the amplitude-frequency characteristics of oscillations of the
sprung weight. (Fig.5).

As can be seen from the diagrams in Figure 5, change in the magnitude of the pneumatic tire damping
coefficient has a significant impact on the magnitude of the resonant oscillation amplitude of the
displaced weight. So for example, when the air pressure in the salt decreases from 0.5 MPa to 0.3
MPa, then in this case by increasing the magnitude of the salt dampers coefficient by 30 ... 32%
decreases the amplitude of the resonant oscillation of the sprung weight by an average of 18 ... 20%.

It should also be noted that when using similar 370/R80-508 tire designs and dimensions, models HP-
54 and 380/R80-508, model HP-56, the results of the study are not qualitatively different from each
other. The difference lies only in quantitative terms, in particular: the impact of tire 370/R80-508,
model HP-54 on the reduction of the resonant amplitude values is relatively lower (almost 12 ... 15%)
than in the case of using tire 380 / R80-508, model HP-56.

The experimental and analytical research approaches and results presented in the article allow us to
select tire with the best damper properties.

Based on the results of this study, the following conclusions can be made:

1. The results of studies using the experimental resonance curve method show that the values of the ti-
re damping coefficient vary over a wide range and mainly depend on the values of the normal load on
the wheel and internal pressure of tire. For example, when internal air pressure in tire is reduced by 2
times, the ratio of dampers increases by 30 ... 32%. Similarly, in the case of a 2-fold increase in the no-
rmal load on the pneumatic wheel, the tire damping coefficient increases by an average of 1.25 times;
2. Using the mathematical model of a dynamic system*“pneumatic wheel-suspension-sprung weight”
on the test-bench, it is possible to assess the impact of change in the magnitude of the tire damping
coefficient on resonant oscillations of the wheel and the sprung weight;

3. The results of computational studies have established that the impact of change in the magnitude of
the tire damping coefficient on the reduction of resonant oscillations of the sprung weight is signi-
ficant. For example, when internal air pressure in tire decreases from p,, = 0,5 Mpa to p,, = 0,3 Mpa,
the increase in the magnitude of damping coefficient by 30 ... 30% leads to a decrease in the amplitude
of resonant oscillation of the sprung weight by an average of 18 ... 20%. It would therefore be a
mistake to assume that the influence of the properties of the tire demerses is negligible in the
suppression of resonant oscillations of the sprung weight;
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* s aHrymiicckoro u pycckoro tekcra mpudr - Times New Roman ,11 pt.

* HasBaHue crathy, 14pt. Bold.

*C mpoIycKOM OJHOW CTPOKH — uMsl U pamuius aBTopa (aBTopos). Bold.

*C MpOIyCKOM OJHOW CTPOKH Hay4HbIE Ka4eCcTBa U MecTo paboThl 12pt.

*C mpoIyCKOM JBYX CTpOK — aHaTomus cTatbu 10pt ( He Oombine 500 meyaTHBIX 3HAKOB)

* CHIpoIyCKOM OHOHN CTPOKH-COJECP)KaHNE CTaThH.

*C IIPOIyCKOM OJHOW CTPOKH — CITMCOK HCIIOJIb30BAaHHOM JIUTEPaTypbl, (paMUINs aBTOPOB, Ha3BaHUSA TpyAa (

W3aTEIbCTBO, TOPO, TOJI, YHCIIO CTPAHUI], MILTIOCTPALINH).

*C mpomyckoM OgHOH cTpokH, Pesrome (Abstract) Ha aHTTIMHCKOM S3BIKE,YTO JOJDKHO COCTOBISITH ITOJIOBHUHY
CTaThH IPEACTABICHHON HA I'PY3HMHCKOM M PYCCKOM s3bIKax (HasBaHHe cTaThd 14 pt Bold; ums u dammmms
aBTopa(oB) 12 pt Bold; Hay4Has creneHb, 3BaHKe, MECTO PabOThI, TOpoJ, cTpaHa 12 pt, mpudt Tekcra 12 pt);

* s 9epTeKei U WIUTIOCTpalid B cTaThe JOJDKEeH ObTh ucnonb3oBad JPEG i BMP — dopmar.

*MatemaTnueckue (POpMyIIbl JOJDKHBI OBITH HCIIONIB30BaHbl Equation pegakropom.

* ABTOp OTBETCTBEHEH 3a COIEeP)KaHHEH KaueCTBO CTAThU.

*OMHUM aBTOPOM JIOJDKHO OBITh ITPECTABICHO HE OoJiee 3 CTaThu.

*CraThs U1 MyONHUKaUN TOJDKHA OBITH MpEeICTaBlicHa Ha Oymare (OIUH SK3eMIUIIP) U B JTFOOOM 3JIEKTPOHHOM

BHUJIE.

*BBIMyCK JKypHaJa OCYIIECTBISIETCS 32 CUET aBTOPOB.

* CTOMMOCTB 0THO¥ cTpaHuIbI — 7 Japu. B 3Ty cTOMMOCTH BXOAUT OAUH IK3EMILISAP KypPHAJIA.

JeHeskHbI MepeBo] ocyliecTBasIeTcs Yepe3 Kyraucckuil puinuan TBC danka.
GE63TB7524336080100002

JononuurensHO obpamaitech 10 aapecy :

4600,Kyrtancu, IllepBammmze 53

I'siaBHbIi pepakrop: Joprkunanuase Posa

Ten.:599 23 64 79;577 28 28 54

E-mail: Roza.lortkipanidze@atsu.edu.ge;

Yuensiii Cexkperaps: Canrenanse Haraaus
Ten:574 84 82 82

E-mail: natalia.santeladze@ atsu.edu.ge

Baumanwue: OnadyeHHas KBUTAHIMS OTIIPABIISIETCS BMECTE CO CTaThEN
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