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Purpose. To prove the reasonability of computer simulation as an instrument for study of mechanical system dy-
namics, which allows us to substantiate the appropriateness of newly-developed technical solutions.

M ethodology. We have compiled the system of differential Lagrange equations of the 2nd order and them by means
of Wolfram Mathematica software. The initial conditions and mass-inertia data have been prepared by means of CAD
Kompass 3D. The results of simulation have been verified by CAM “Universal Mechanism”.

Findings. We have proposed to analyze dynamics of mechanical systems of mining rail transport by the method of
CAD simulation. It alows us to use CAD model parameterization to vary model characteristics on the stage of devel-
opment with dynamics indices assessment, mechanical stress of elements, reliability and lifetime estimation subject to
exploitation conditions. The solution of those tasks is realized in corresponding mathematical models, which describe
technical solutions or in the 3D models developed in CAD/CAM software. This allows describing inertial, geometrical
and kinematical parameters, force interaction.

Originality. Verification of theoretical and experimental research becomes possible due to modern approaches of
dynamic systems simulation. Preparation and implementation of the initial data created in different CAD/CAM software
in one mathematical model provides the possibility to carry out plenty of research with different system parameters.

Practical value. We received the possibility of the obtained data exchange between separate parts of a mathematical

model. This brings the time saving and increases the level of scientific study.
Keywords. dynamics, simulation, rail-wheel interaction, dynamical stress, mining rolling stock research

Introduction. The riving regime of the mining roll-
ing stock on arail track causes complex interaction pro-
cesses between all elements of the transport system. And
the rolling stock unity, which possesses proper geomet-
rical, elastic-dissipative and inertial characteristics, is an
element of the complicated dynamical system.

The design features of the dynamical systems which
are at issue provide significant meaning, and above all the
characters of joining between separate members and units
of the vehicle. Because of dynamical interaction of the
mine rolling stock and the rail track, and its insufficient
maintenance their elagtic-dissipative parameters constantly
vary in difficult exploitation conditions of the mine. Thus
the improvement of the existing mining vehicles design or
the developing of a new one requires to study in depth the
dynamical processes within such systems[1].

In some papers [2] the enhancement of the theoretical
research accuracy was reached due to the input of the
proper dynamical coefficients, which were determined
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during the experimental studies in industrial conditions.
However, such coefficients characterize only the tested
designs and cannot be applied as a dynamica character-
istic to other types of vehicles with design scheme differ-
ent from the experimental one.

The appearance of state-of-art mathematical instru-
ments and powerful computers alows us not merely to in-
volveinto research the initial data and calculation schemes
subject to design features of transport vehicle for quasi-
static conditions but also to study sdlf-induced and forced
oscillations of the system ‘rolling stock —rail track’ [O].

The application of computer simulation software for
development of new systems of mining rolling stock
saves time and allows us to avoid the expensive stage of
models and pilot units' production and testing in mining
conditions. This section of synthesis of an integral so-
phisticated energy-mechanical system should be included
into development procedure on the designing stage. Thus
it is an actual issue of development and exploitation of
mine locomotives.

Results. With the purpose of validation of new tech-
nical solutions for: mine rolling stock design, develop-
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ment of methods for determination of rational layouts
and values of elastic-dissipative parameters of junctions,
work out practica recommendations for development
taking into account design and dynamical parameters re-
lations and traction-braking characteristics, the authors
propose the following solution agorithm (Fig. 1).

The efficiency of the proposed algorithm can beillus-
trated by an example of the pin-joint mining cable loco-

motive E10 design, and the mining wagon BT'-3.3-900
upgrade.

The simulation procedure implies transformation of a
real object into its idealized calculation scheme not com-
plicated but adequate one, which would allow solving the
assigned task the most efficient way. The stages of dy-
namic task solution for mining rolling stock are de-
scribed on Fig. 2 and 3.
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Fig. 1. Block diagramfor dynamics research algorithm
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Fig. 2. Pin-joint cable locomotive E10: a) 3D CAD model;
b) calculation scheme for motion equations generation
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b)
Fig. 3. Mining wagon Bi-3.3-900 with improved

axle-box. a) 3D CAD model; b) calculation
scheme for motion equations generation
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The initial phase for analytical, graphical, numerical
or any other method of analysis of a dynamical process
should be the generation of a system of differential equa-
tions, which describes the process.

To determine the scope of the steady oscillations of
mining vehicle members for selection of rationa inertial,
elastic and viscoelastic units, we have used the Lagrange
equation of the second kind

dar_ar o ee oy,

where t istime; T,71,® are kinematical, potential and
dissipative functions correspondingly; ¢;,¢; are com-
ponents of generalized coordinates and their time deriva-

tives; Q is a potential-free component of generalized

force vector.

In this way, the minimal degree of the equations will
be obtained. It appears equal to double degrees of freedom.

The use of Lagrange equation form requires generat-
ing form for kinematical, potential energies; dissipative
function and work of non-potential forces an possible re-
locations.

The mass-inertial characteristics of mining vehicle
design elements have been determined by means of CAD
Kompass, and stiffness characteristics, by means of the
instrumentality of finite element method in APM Win-
Machine software. Numerical solution of the differentia
equation system has been obtained by means of Wolfram
Mathematica. Thelist of initial conditions for one of sev-
eral research tasksis depicted on the Fig. 4.
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Fig. 4. List of initial conditions of mathematical model

The results, obtained at this stage, are input data for
further computation of the mechanical system members,
and development of the practical recommendations for
their engineering [4]. If the significant change of geomet-
rical or inertial parameters is required according to engi-
neer calculus, the dynamical analysis should be carried
out al over again to specify the values of variable part of
the equation. Then the rest kinds of analysis should be
repeated.

The correctness of the fulfilled research is verified by
physical experimental studies. However, sometimes it is
difficult to access the operative embodiment, or the pre-
liminary amount of work (preparation for tests: mount-
ing, adjustment, gauging), or analysis of the obtained re-
sults is quite significant and the expenditures are exorbi-
tant. In some cases verification models are being devel-
oped to check dynamical models against classic mechan-
ics statements.

In comparison with the full-scale experiment the
computer simulation is a state-of-art tool, which makes it
possible to provide comprehensive, profitable and safe
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mechanical system dynamics analysis. It allows testing
and analyzing absolutely new frontier ideas and solutions
saving time and financial resources.

Software toal “Universal Mechanism” (UM) is intended
for automatization of mechanical system research, where the
members are coupled by kinematica or force elements and
are represented by rigid or resilient objects[2, 0]. UM’'s ap-
plication Loco has advanced toolkit intended for rail vehicle
dynamics simulation with any possible accuracy, which al-
lows bringing the model to the real object. It is imperative
that for smulation not only 3D imodels imported from CAD
could be used, but the models of forces that emerge in
members couplings and in wheel-rail pair (cadculation algo-
rithms Muller, Minov, Kaker, etc.) aswell.

In addition, there is a possibility of customization of
rail geometry, wheel profile, and track irregularities,
mathematical force models in different ways (inbuilt
tools or other programming languages). Such approach
allows taking into account specific exploitation features
(of coal, ore mines with different pollution, rolling stock
and rail track wear etc.) [4].
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The validity of the results, which are obtained by
software, was proved by the use of Manchester Bench-
marks (The Rail Technology Unit, Manchester Metropol-
itan University). This test procedure is common for all
software verification. Application of this software alows

carrying out plenty of numerous experiments in a very
short time.

The authors have carried out a comparative test of
the mathematical model solution and UM simulation.
The mathematical model was generated with the help of
Lagrange equations. As a result, relation of the safety
factor for mining wagon BI'-3.3-900 with the improved
axle box was calculated for both simulation methods
(Fig. 6).
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Fig.6. Comparative diagram for mining wagon BI™-3,3-900 with improved axle-box

The comparison indicated that the UM-simulation
amost equals the results of numerica solution of the
mathematical model quantitatively and qualitatively. The
relative error does not exceed 10%.

The generated parametric dynamical models of min-
ing rolling stock have been used to validate different de-
sign solutions and to define optimal values of members’
masses and couplingsrigidity.

Conclusion. The computer simulation in the process
of analysis of rolling stock dynamics allows carrying
out the research concerned with mechanical design, def-
inition of rational parameters of a new vehicle or mod-
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ernization of an existing one. CAD/CAM model param-
eterization allows varying models' characteristics on
the designing stage, assessing dynamical indexes,
which results in mechanical construction tension, eval-
uating the reliability and lifetime of machine subject to
specific exploitation conditions meanwhile reducing
development time.
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3ubopor K.A. JlnHamudeckass MOAETh IIaXTHOH Ba-
TOHETKH C JOTOJHHUTEIbHOW KHHEMATHYCCKON ITOIBIIK-
HOCTBIO XOJIOBOHM HYacTH: MaTepiaid MiXKHApOTHOI KOH-
¢epenuii ,CoBpeMenHoe MairnHocTpoenue. Hayka u
obpazosanue”. /| K.A. 3ubopos, I'.K. Bamka, C.A. ®e-
nopstuenko — CI16.: [TonutexH. yH-T, 2012,

Meta. Bu3HaueHHs palioHaIbHUX MapaMeTpiB TpaH-
CHOPTHHX 3ac00iB, 1[0 MOJICPHI3YIOThCS Ta TUIBKH CTBO-
PIOIOTBCSI.

Metoauka. KoMmm'roTepHe MOAENIOBaHHS B SKOCTI
IHCTPYMEHTY JOCIiIKSHHS TUHAMIYHHAX TIPOIECIB MeXa-
HivHAX cucteM. CKIaJaHHA CHCTEMH TU(EpeHIIHHUX
piBHsAHB Jlarpamxka npyroro poxy Ta ixX po3B’s3aHHSA y
Wolfram Mathematica. ITinroryBaHHs MOYaTKOBUX yMOB
Ta MacOBO-IHEPIIIMHUX XapaKTePHCTHUK 32 JOIOMOTOIO
Komnac 3D. IlepeBipka IOCTOBIPHOCTI OTPUMAHHX pe-
3yJIbTAaTIB 3a gonomororo “Universal Mechanism”.

PesynbTaTn. J{na ananizy JuHaMiKu MEXaHIYHHUX CH-
CTeM IIAXTHOTO PEHKOBOTO TPAHCIOPTY 3aIllpOIIOHOBA-
HUI METOJ{ KOMII' FOTEpPHOT'O MOJICITIOBaHHS, 110 JI03BOJISIE
BUKOPHCTOBYBATH MapaMeTpH3alil0 KOMI I0TEpHOI Mo-
JeTi 1Sl BapilOBaHHS 3HAYCHb XapaKTEePHCTHK MOZEINI Ha
cTanii IPOCKTYBaHHA 3 OLIHKOK NTUHAMIYHHUX TTOKA3HU-
KiB 1 MeXaHIYHUX HaNpy>KeHb EJIEMEHTIB KOHCTPYKIII,
JIOBIOBIYHOCTI # pecypcy BUpoOy 3 ypaxyBaHHSM YMOB
ekcrutyaTanii. BupileHHs ux 3amayu peani3yerbest y Bi-
JIIOBIJHUX MAaTEMAaTHYHUX MOJENAX, L0 ONUCYIOTh TeX-
HiuHI pinieHHs, abo y po3pobnennx 3D Mogemsax
CAD/CAM mporpam, 1m0 ONKUCYIOTH iHEPIiiHi, reoMeT-
pUYHI Ta KiHEMaTH4YHI IapaMeTpH, CHJIOBY B3a€MOZIIO.
[Mixxin monsirae B po3poOui CTPYKTYPHOI CXEMH JIOCIi-
JoKeHHs, ckinananHi 3D Mopeni Ta po3paxyHKOBOT CXeMH
IUTS. PiBHSAHD PyXy, OTPUMaHHI JWHAMIYHUX TOKa3HUKIB
cucTeMu Ta Bepudikarii pe3ynbTaTiB.

HayxoBa HoBU3HA. J[OCTOBIpHICTh TEOPETHYHUX Ta CK-
CIICPUMEHTANIBHHX JOCIIIKEHb JOCATAEThCS 3aBISKH BUKO-
PHUCTaHHIO CYYacHUX ITiIXO/IIB y MOZIETIOBAHH] JIHAMIYHUX
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nporeciB. [TinrotoBka Ta 3acTOCYBaHHS B MaTeMaTHYHHX
MOJIEIIX BUXiqHUX fdaHux pisHoMaHiTHHX CAD/CAM mpo-
rpaM Hagae MOKJIMBOCTI IPOBOIWTH YMCENBHI JOCITIIKEeH-
HS 3 pI3HOMaHITHIMH TIapaMeTpaMy CHCTEMH.

IlpakTnyHa 3HaYuMicTb. MOXIIUBICTE OOMiHY
OTPUMAHUMH JaHUMH MK OKPEMHUMH YaCTHHAMHU MaTe-
MaTHYHOI MOJICII J03BOJISIE EKOHOMHTH Yac Ta ITiBHUIILY-
BaTH PiBEHb HAYKOBUX JIOCIIJ[)KCHb.

Karo4oBi ciaoBa: ounamika, mooento8ants, 63aemMo-
0in Koneca-peliku, OUHAMIYHE HABAHMAICEHHS, O00CIi-
OJICEHHS WAXIMHO20 PELIKOBO20 MPAHCNOPMY

Hens. OmnpeneneHue palHoOHANBHBIX IapaMeTPOB
MOZACPHM3UPYEMbIX M BHOBb CO3/aBaE€MbIX TPAHCIOPT-
HBIX CPEICTB.

Metoauka. KoMnpoTepHOE MOJICITHPOBAHUE B Kaue-
CTB€ HMHCTPYMCHTa MCCICAOBaHUA AUHAMHUYCCKHUX IIPO-
[IeCCOB MexaHu4eckux cucreM. COCTaBICHUE CHCTEMBI
nuddepeHInanbHpIX ypaBHeHHi Jlarpamka BTOporo po-
na u ux peurenare B Wolfram Mathematica. IToaroroska
HavyaJbHBIX YCJIOBHH U MacCOBO-MHEPLUOHHBIX XapaKTe-
puctrk ¢ nmomoisio Kommnac 3D. [IpoBepka 1ocToBEpHO-
CTH TIONYYEHHBIX pe3yabTarToB ¢ momolnsio “Universal
Mechanism”.

Pesyabrartnl. 11 aHanu3a JMHAMHAKHA MEXaHUYECKHX
CHCTEM IIAxXTHOTO DEIbCOBOIO TPAHCIIOPTAa HPEAIoKeH
METO/l KOMIIBIOTEPHOI0 MOJEIMPOBAHMSA, MO3BOJLIOIMN
HCIIOIb30BaTh MapaMETPU3ALNI0 KOMITBIOTEPHOH MOJEn
JUId BapbUpPOBaHMs 3HAUYECHUI XAPaKTEPUCTUK MOJEIU Ha
cTaguur MPOCKTUPOBAHUSA C OLIeHKOﬁ JUHAMHWYCCKUX ITOKa-
3aTeNied 1 MEXaHWYECKHX HANPSDKCHUI SIIEMEHTOB KOH-
CTPYKIHH, JOJITOBEYHOCTH M Pecypca M3JCNHS C Y4eTOM
YCIIOBUIA SKCIUTyaTanuy. Pemenne 3THX 3a/1a4 peain3yer-
Cs B COOTBETCTBYIOLIMX MaTEMaTHYECKHX MOJCISX, OIH-
CHIBAIOLINX TEXHHYECKUE PEILCHHS WIH B Pa3paboTaHHBIX
3D mozemsix CAD/CAM nporpamMm, KOTOPBIE OMUCHIBAIOT
WHEPLIMOHHbBIC, T€OMETPUYECKIE UM KHMHEMAaTHYECKUE Ia-
pameTpsl, cuiioBoe B3aumozekcTBue. Iloaxon BkiIroyaeT
pa3paboTKy CTPYKTYPHOH CXEMbI HCCIICIOBAHHS, COCTAB-
nenne 3D MOJEIM M PAacueTHOM CXEMbl Uil ypaBHEHWIA
JABWKCHUS, NOJYUYCHUE AUHAMHNYCCKUX roKasarejiel cu-
CTeMBbI U BepU(DHUKAIUIO PE3YIbTATOB.

Hayunasi HoBH3HA. J[OCTOBEPHOCTh TEOPETUUESCKUX
U OKCIIEPUMEHTAJIBHBIX UCCICAOBAHUN JOCTHraeTCs Ona-
rozapsi MCHOJIb30BAHUIO COBPEMEHHBIX MOAXOIOB K MO-
JeJMPOBaHMIO TUHAMHYECKHX MpoLeccoB. [loaroroska u
NPUMCHEHHE B MAaTEMAaTHYCCKHX MOJIEISIX BBIXOIHBIX
nauabix pasamaasix CAD/CAM mporpamm mpezocTtas-
JI5IeT BO3MOXKHOCTH IPOBOJUTH MHOTOUNCIICHHBIE HCCIIe-
JOBaHUS C PA3IUYHBIMU [TapaMETPaMH CUCTEMBL.

ITpakTHYecKkasi 3HAYUMOCTb. Bo3MoXxXHOCTE 0OMeHa
MOJIYYCHHBIMU JaHHBIMU MCKAY OTACJIbHBIMU YaCTAMU
MaTeMaTHYECKO MOJICITH O3BOJISCT IKOHOMHUTh BPEMS U
MOBBIIIATH YPOBEHb HAYYHBIX HCCIICOBAHUIA.

KaloueBble cinoBa: ounamuxa, mooenuposanue, 63a-
umoOeticmeue Koneca-penvbed, OUHAMUYECKAas HASpy3Kda,
UCCIe008aHUe WAXMHO20 PENTbCO8020 MPAHCNOPMA
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