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Abstract: The intensity of the dynamic load of railway vehicles, in addition to the
quality of the track, depends on the elastic and damping characteristics of the suspension
system. For existing track conditions can be stated that quality of dynamic behavior and
safety of railway vehicles are primarily dependent on the characteristics of the suspension
system. Suspension reduces the dynamic load, and thus reduces stresses in wheelsets, axle-
bearings, bogies, car body, track, etc. Dynamic load of railway vehicles are reduced because
suspension elements take over part of the kinetic energy, which leads to the safer and
smoother running of the vehicle. In order to reduce the amplitude of oscillation of the vehicle
in running and to avoid the risk of resonance, special devices for damping of oscillations are
applied. Damping is usually solved through the appropriate friction surfaces, installation of
the hydraulic, pneumatic or rubber absorbers, etc. This paper provides the necessary
guidance for the application of reinforced rubber elastic elements in suspension of railway
vehicles. The concrete solutions of rubber elastic elements, developed and realized in Railway
Vehicles Center and Laboratory for testing of constructions at the Faculty of Mechanical and
Civil Engineering in Kraljevo, are shown.

1. INTRODUCTION

By analyzing the suspension of railway vehicles it can be noticed that the leaf spring is
supported on the axle-box bearing over the spring buckle (Figs. 1 and 2). The connection of
the leaf springs with the underframe of the vehicle is realized over the suspension brackets
and spring hangers.
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Fig. 1 Leaf spring Fig. 2 Connection of leaf spring and underframe
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The spring hangers can be single and double and over the pins and suspension brackets
connecting the leaf springs with the underframe of railway vehicle. On the other hand, in case

of suspension with coil springs, the deflection of suspension is limited with the stroke limiter
(Fig. 4).

Fig. 3 Coil spring Fig. 4 Stroke limiter

In case of impacts which are unavoidable during the exploitation of railway vehicles,

the stresses on the elements of suspension and whole structure have the change which is
shown in Fig. 5.
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Fig. 5 Diagrams of change of stress on the elements of suspension during the time

In order to more quality design of suspension of the vehicle it is necessary to well
know the behavior of all its components.

2. CHARACTERISTICS OF RUBBER ELASTIC ELEMENTS

The reinforced rubber elastic elements are designed to receive load of pressure,
shearing or both on the same time. They are not suitable for acceptance of the torsion, but in
combination with the metal they can be used for that purpose. In the design of rubber elastic

elements, allowed change of angle of shear should be in range 6, =20+25° and maximal
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relative deformation at the pressure is 40 ,,/0=0,2+0,25[1]. In addition to the

characteristics of the material, modulus of elasticity of rubber depends on the shape of the
element and the type of load [3]. If Eis: is modulus of elasticity of rubber at tension and Eyy is
modulus of elasticity of rubber at pressure, ration of these two modulus of elasticity is:

(1) E, =k-Ey [kN/cm? ]

Where:
k=f(k,) - coefficient of enlargement

k, = A coefficient of shape of rubber element

f

The coefficient of shape represents the ratio of area of support A, and lateral area A, of
the rubber element (Fig. 8). Medium dependence of coefficient of shape k; and coefficient of
enlargement k is given in the Fig. 6.

At the dynamic loads of rubber elastic elements, modulus of elasticity Egi, is larger
than modulus of elasticity at the static load E:

(2) Edin = ktv ’ Est I:kNlcmz]

The dynamic coefficient ky depends on the hardness of the rubber Hy and it is
determined from the diagram which is shown in Fig. 7.
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Fig. 6 The dependence of coefficient of shape ki  Fig. 7 The dependence of dynamic coefficient ky, on
and coefficient of enlargement k the hardness of the rubber H,

If the hardness of the rubber Hy is expressed in Shore, shear modulus of the rubber G
can be calculated from the empirical equation:
2
O G | ]
38000 cm
The shear modulus G can be calculated from its relationships with the modulus of
elasticity at the pressure Eyy:
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The Poisson's ratio m represents the relationship of deformation in two, mutually
perpendicular, directions and for rubber is approximately 4#~0.5, so it is:

Er
(5) Gr—X

In the design of rubber elastic elements, a smooth transition from the surface to the
surface and the ability of free bulge of the rubber at the pressure should be provided.

2.1. The pressure load of rubber element

A rubber elastic element is loaded with pressure force Fp, as shown in Fig. 9. The
initial height of the rubber element & is reduced due to the load for value f.
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Fig. 8 The reinforced rubber elastic element Fig. 9 The rubber elastic element loaded on
the pressure

From the expression for stress o =E,, -¢ and knowing that c=F,/ A, and

E,. =k-Eg the following relation is obtained:

ist
f
6)  Fy=kEuA

where:
A, — area of cross-section of the rubber.

The pressure force Fy is equal to the product of stiffness of the rubber at pressure load
Cp and deflection of the rubber f:
(7) F,=c,-f

By the equalization of the expressions (6) and (7), the stiffness of rubber element at
pressure load is obtained:
k- Eis : Ao
(8) C, = —(;

2.2. The shear load of rubber element
In this case, the reinforced rubber elastic element is loaded on the shear with force Fq,
as shown in Fig. 10.
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Fig. 10 The reinforced rubber elastic element loaded othFe shear

From the expression for the stress 7=G-@ and z=F, / A , shear force is:
(® F=AGJY

where:
6— angle of shear

For small angles of shear, the following relation is satisfied:

f
10 g ~0=—
(10) g 5

The shear force Fs is equal to the product of stiffness of the rubber at shear cs and
deflection of the rubber f:
(11) F,=c,-f

Expression (5) gives:

E -E.
(12) Gr—tr= KB
3 3

By the equalization of the expressions (9) and (11), the stiffness of rubber element at
shear load is obtained:

(13) c, = k- Eist ) Ao
3-0

From the expressions (8) and (13) can be noticed that rubber elements have three times
bigger stiffness at the pressure in relation to the shear.

3. PRACTICAL APLICATION OF RUBBER ELASTIC ELEMENTS

The suspension of railway vehicles has the aim to prevent rigid contact between the
running gear and car body of the vehicle, as well as to absorb the high frequency oscillations,
which significantly increase the safety and ride comfort. The designer of railway vehicles has
a wide range of rubber and other (polymer) materials which can be used for damping of high
frequency oscillations. It is necessary to take into account the strength, weight, production
technology, price, temperature impacts, maintenance, durability of rubber elastic element and
sub-assembly in which it is incorporated.

When combining rubber and other elastic elements, energy of oscillation is amortized
on the account of non-linear resistances that result from the intermolecular friction in the
rubber material. The concrete examples of application of reinforced rubber elastic elements in
constructions of railway vehicles are given in the following pictures.
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Fig. 12 The reinforced rubber elastic elements on the test stand for calibration of instrumented
wheelsets

4. CONCLUSION

Leaf springs and coil springs are the most frequently used elements of suspension of
railway vehicles. Their main task is to provide appropriate elasticity of the system. In addition
to elasticity, a very important characteristic of the suspension is damping. The dynamic loads
are very undesirable and have very harmful impacts on the passengers and cargo, whereby the
durability of the vehicle and track is decreased. Consequently, in the suspension systems are
increasingly used the reinforced rubber elements and elements made of polymer materials
that, in addition to the elastic, have very good damping characteristics. It is very important to
emphasize that during time, due to aging, there is change of elastic characteristics of rubber.
Also, rubber is sensitive to the temperature influences. Nevertheless, advantages in
characteristics of elasticity and damping are caused that rubber and polymer materials are
widely used in suspension systems, not only the railway vehicles, but also other vehicles and
machines.

The proposed solutions given in this paper enable that existing suspension can be
improved to a satisfactory level of reliability with minimal reconstructions. The most
important conclusion of this paper is that installation of rubber metal elements in the
suspension of railway vehicles has many advantages such as decreasing of loads of vital
elements, increasing of ride comfort and running stability, increasing of efficiency of
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transport, etc. These conclusions should be taken into account, not only in the design of new,
but also in the modifications and improvements of existing railway vehicles.
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MPWIOKEHWUE HA TYMEHHU EJIACTUYHM EJJEMEHTH B
PECOPHOTO OKAYBAHE HA KEJE30I'bTHU MMPEBO3HU
CPEJACTBA

HAparan HeTp()BI/I'Il, Munan Bukna’, Jodpunka ATMaKoBa’
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‘' @axynmem no mawunno unscenepcmeo ¢ Kpaneeo, Ynusepcumem ¢ Kpazyesau,
Dositejeva 19, 36000 Kraljevo,
ChPbUA
2BTY "T. Kaénewkos", ya. ""I'eo Muneg' 158, Cogpua 1574,
BBJIITAPUA

Knrouoeu oymu: eyma, pecopno okaugeawe, eracmuidHOCM, HCeNe30NbMHU NPEeGo3HU
cpeocmaa.

Pe3tome:. Hnmenszuenocmma Ha OUHAMUYHOMO HAMOBAPBAHE HA JHCENE30NBIMHUME
npeso3HU cpeocmed, 6 OONbBIHEHUEe KbM KaueCmeomo HA peicousi Nbm, 3d6UCU Om
eracmuunume u Oemnghepupawume XapaKmepucmuKku HA pPecopHOmo oKaueéanemo. 3a
cvlyecmaygaujume NbMHU YCIOBUSL MOXdce 0a ce Kadice, Ye Kaiecmsomo Ha OUHAMUYHOMO
nogedeHue u 6e30NACHOCMMA HA HCeLe30NBIMHUME NPeBO3HU CPedCmed 3a8Ucl 21d6HO Om
Xapakmepucmukume Ha cucmemama 3a pecopHo okaueane. Pecopnomo oxausanemo
HaMANA8a OUHAMUYHOMO HAMOBAPEAHe U NO MO3U HAYUH HAMAJABA HANPENCeHUsmda 6
KoJloOCcume, OyKcosume jazepume, maniueume, Kould, peicosusi n'bm u m.H. JJunamuunomo
Hamoeapeane Ha JHCENe30NbMHUMe 603UNd Ce HAMANA8Ad, Mbl Kamo elemenmume Ha
DPECcOPHOMO OKaAu8aHe NO2NbUiam 4acm om KUHemudHama eHepeusl, Koemo 800U 00 no-niaeHo
0BUdICEHUE HA NPeBO3HOMO CpedCcmeo. 3a 0a ce HAMAIU aAMNAUmMYO0ama Ha mpenmeHe Ha
NPeso3HOMO CpedCcmeo npu 08udicenue U 0a ce uzbecHe PpUCKbm Om Pe30HAHC, ce Npulazam
CneyuaInu ycmpoucmea 3a no2ivyane Ha mpenmenuama. /lemngepuparemo oOUKHO8eHo ce
peanusupa, upe3 NOOX00AUU @OPUKYUOHHU NOBBPXHOCMU, MOHMANC HA XUOPAGIUYHLU,
nHeGMamu4Hyu Ui cymeHu oemngepu u m.H. Tasu cmamus npedcmass HeoOXOOUMUMmMe
HACOKU 3a Npuiazauve Ha YCuleHu SyMeHU elacmuyHu eleMeHmU 8 pecOPHOmMO OKAY8aHe Ha
Jrcene3onvmHuU npeeo3nu cpeocmsa. Ilokasanu ca KoHKpemuu peulenus Ha 2yMeHu enacmudtu
efleMeHmu, paspabomenu u peanrusupanu 6 Llenmuvpa 3a sicene30nvmHU Npeso3HU cpedcmaa u
Jlabopamopus 3a uznumeane Ha KOHCMPYKYUuu 6668 Paxyimema no MAWUHHO U CIPOUMETHO
unotcenepcmeo 6 ep. Kpaneso - Copousi.
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