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HiYHOT 060NOHKK BM3HAYalOTLCA 3a AOMNOMOrol mMeToda MOCAiA0BHUX Habau-
YKEeHb.
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Abstract. Theoretical study of a convergence of a deformable body stress state, which is
obtained by different approaches, provided in the paper. The following methods are used:
Hertzian stress contact theory and finite element analysis. As a result of the research, high con-
vergence of both calculation approaches is reached.
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AHHOTauuAa. B paboTe npuBeaeHbl pesynbTaTbl TEOPETUYECKOTO UCCNEe0BaHUA CXoau-
MOCTU PYHKLMKN KOHTAKTHbIX HanpsXKeHnn aepopmmpyemoro Tena, NoayYeHHbIX Pas/MyHbIMK
meToZamun. Mcnonb3oBaHbl Cieaytolime Teopur U meToabl: Teopus lepla 06 ynpyrom KoHTakKTe,
KOHEYHO-3/IEMEHTHbIN aHanu3. B pesynbrate UcCCiedoBaHWUA MOMyYeHa AO0CTaTOYHas CXOAu-
MOCTb 060Mx cnocoboBs pacyeTa.

Kntoyesble cnoea: cxoOUMOCMeb, KOHEYHO-3neMeHmHbIl aHanus, meopusa lepua 06
yrpy20mM KOHMakme, degpopmupyemoe mero.

Introduction. The usage of a new wheel set with additional kinematical
movability [1] caused another force distribution within the axle-box, that varies
from the conventional one. Thus, there is necessary to calculate force distribution
in order to reduce weaknesses and set up the relations between arising stress and
influencing forces.

Furthermore, the innovative contact pair cone-sphere demands to be stud-
ied subject to contact stress. The axle-box (pic. 1) of wheel-set consists of a bush-
ing, which mounts in wheel center. On the ends of the bushing the cone cavities
are produced. Into these cavities two spheres are mounted.

However, to calculate the reaction of a sphere and cone surface while oscil-
lating loads is not able owing to statically indeterminate system. In order to evalu-
ate the reactions we can provide some rough calculations, but the exact values of
acting forces can not be obtained. That is why the purpose of the paper is to find
out the most appropriate method for stress calculation.

The usage of FEA will give more accurate values for each finite element
both for contacting pair and axle-box elements.

The conventional method to define stress in pair cone-sphere demands the
usage of Hertzian stress contact theory. The application of the theory will give ac-
curate results, but during design or stages of its improvement can occur such con-
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ditions, when it is necessary to study the stress, which arises in another layers
(contacting welding etc.)

b
Figure 1 — The scheme of force distribution within the axle-box while
symmetrical (a) and asymmetrical loading appliance. 2h — the length of the
bushing; R, —radial load; R,— axial load; k — contact area; a — elevation angle of
cone surface; O; — momentary geometrical center of the sphere location

Thus, in the paper we purport to define the convergence between conven-
tional calculation and by FEA.

On the pic. 2 is depicted the FEA model of the whole wheel-set to clarify the
design and contacting pair location.

As we can see on the fig. 3, the rough calculation of the stress in the con-
tacting pair account 68 MPa.
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Figure 2 — Wheel-set design and its finite element model
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Figure 3 — Stress-strain state of axle-box

But we have to take into account, that contact stress can be much higher
owing to insignificant contacting area. The width of contact area calculates by
the following relation:

P
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where py, py — Poisson ratio; £y, E, — modulus of elasticity, Ma; F, — pressing

force, N; D, — diameter of contact area circle, m.

The calculation shows that for sphere 60 mm in diameter and 602 eleva-
tion angle of a cone the contact width is 0,62 mm. Maximum stress according
to relation (2) is 182 mm.

o, =0,798 d

2 2\

— — 2

Dk(l w1 qu} (2)
E E,

Using FEA (3) we have simulated the contact with the same conditions.

Fig. 4. Simulation of Hertzian contact via FEA

As we can see, the biggest stress in the contact area is 181 MPa. To find out
the convergence lets calculate several pairs and compile a graphic relation be-
tween conventional solution and FEA.
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Figure 5 — Convergence of stress relative to sphere diameter
FEA; ------- conventional simulation
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Figure 6 — Convergence of stress relative to elevation angle of the cone
FEA; ------- conventional simulation

As the analysis of the relations on the fig. 5 shows, the convergence of
FEA and Hertzian stress is achieved up to 85 %. So, while designing a wheel-
set.

Conclusions. From the above we can conclude, that usage of the finite
element models while contact stress simulating is more appropriate instead of
the Hertzian contact stress theory because of time saving and visual control,
that helps to increase accuracy. Therefore, application of the FEA stress contact
analysis while designing a new contact pair, which contacts by the line or a tiny
surface will help to study neighbor construct elements, external force influence
onto contact stress, life of the pair.

The Development of the Informational and Resource Providing of Science and Education g 311 k

in the Mining and Metallurgical and the Transportation Sectors 2014



L
\J

its R/ UT npoekmupoeaHus, modenuposaHusi, dusatiHa, WEB

-

In this paper we showed just an example of our scientific projects. The
Laboratory of the Department of Machinery Design Fundamentals provides a
wide range of structural calculations using a lot of mathematical and simulation
software. We propose a service in the field of machinery, solution of different
problems concerning mechanical, control system and other equipment’s issues.
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AHorTauif. B poboTi HaBeAeHO anropMTMK nonepeaHboi 06pobKN ekcnepuMeHTaNbHUX
[aHUX, AKi NpeacTaBfeHi y Burnaai 6aratomipHoro macusy. Po3pobneHi anropuTtmum 403Bo-
NATb aBTOMATUYHO BM3HAYaTM MOMEHTM NMOYATKY Ta 3aKiHYEHHS O0CNiAKYBAaHOro npouecy,
BMKOHYBATWU KaNibpoBKy HyANs, 3rnafKyBaTh AaHi Ta GopmMyBaTH ABOMIPHI MacuBM ,4ac - BU-
MiptoBaHa BeniMynHa”.
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METHODS OF EXPERIMENTAL DATA PRETREATMENT
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Abstract. The algorithms for experimental data preprocessing presented in the form of
a multidimensional array are stated in the article. The designed algorithms allowed automat-
ically to determine the start and end points of studied process, to perform calibration of ze-
ro, to smooth the data and to form two-dimensional arrays ,time - measured value”.
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