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KiaroueBble cI0Ba: PEXHMBI JUHAMUYECKOTO TalICHHs KOJCOAHW, YacTOTa JAMHAMHUYECKOTO
ramieHus KoJieOaHui, CBI3HOCTh KOJICOAHUH, YaCTOTHAS THATPaAMMa.

AnHOTamms. PaccMaTpuBaroTcs 3a/laud TUHAMHUKH TPAHCIIOPTHOTO OOBEKTA, OPUCHTHUPOBAHHBIC HA
MOBBIIIICHUEC HAJC)KHOCTH M OC30MACHOCTH 3KCIUTyaTallid B YCIOBUSX BHOPAIIMOHHBIX BHEIIHUX
BO3MyILeHHH. 1lenb uccaenoBanms 3aKII0YacTCs B pa3padOTKe METo/1a IOCTPOCHHST MaTeMaTHICCKUX
MoJeTIel ISl OIIEHKH TMHAMUYECKIX COCTOSHUHN M ONPEACICHHUs YCIOBHI MONYyYeHHUS JUHAMHIECKHX
3¢ GEeKTOB «OOHYJIEHWS» NBWKEHHH 10 OTACIBHBIM KOOpPIMHATaM. VICIIONB3YIOTCS METOMBI
CTPYKTYpPHOTO MAaTeMaTHYeCKOTO MozelInpoBaHusA. HaydHas HOBW3HAa pabOTHI 3aKIIOYaeTcsl B
BO3MO)KHOCTH OIICHKH (POPMHPOBAHUS JWHAMHUYECKHX COCTOSHHN MEXaHHYECKHX KoJeOaTelnbHBIX
CHCTeM TIpHM BBEJCHUM JIOTIONHWUTENBHBIX CBs3eil. Pa3paGorama TexHojorus Tmepexoma OT
TepelaTOuHbIX (YHKIMA CHCTEM K YPaBHEHHSM COCTOSIHUH U OLEHKH YacTOT IWHAMHYIECKOTO
rameHusl KOJIeOaHWid, YTO CBS3aHO, B YAaCTHOCTH, C TEM, YTO IIPU BHEIIHEM KHHEMAaTHYCCKOM
BO3MYILICHUU 00BEKTA OJTHOBPEMEHHO BO30YKIAIOTCS 00€ MapIHAaTbHbIC CHCTEMEI.
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Abstract. The problems of transport object dynamics aimddaeasing the reliability and safety of
operation in the conditions of external vibratioistdrbances are considered. The purpose of the
research is to develop a method for constructinthemaatical models for evaluating dynamic States
and determining the conditions for obtaining dynaeffects of «zeroing» movements on individual
coordinates. Methods of structural mathematical eting are used. The scientific novelty of the
work consists in the possibility of evaluating tFemation of dynamic States of mechanical
oscillatory systems with the introduction of adulital connections. The technology of transition
from transfer functions of systems to equation$taftes for estimating the frequency of dynamic
damping of vibrations has been developed, whiathuis, in particular, to the fact that both partial
systems are simultaneously excited when an ext&imamatic perturbation of an object occurs.

[. Introduction. Transport means play an important role in ensutimg
normal functioning of various branches of productand economic activity [1,2].
In this regard, railway transport is no exceptiwhjch requires increasing attention
to its problems, given the need to transport irsedavolumes of goods with
increased loads on the running systems and the toeeve at increased speeds.
Many issues of developing ways and means to imptoeesafety of locomotives
and their components and aggregates are consideréte works of domestic
scientists [3,4]. Much attention is paid to transpdynamics, the interaction of
rolling stock with the rail track, which forms amcreased attention to ensuring the
reliability of electric locomotives ' traction emgs [5,6]. On the other hand, the
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information and analytical base related to theilgtainderstanding of the features
of dynamic interactions of traction engines thaerape under complex dynamic
loading conditions is also expanding [7,8].

The presented work reflects the results of themaktievelopments related to
the development of a number of new approachesdsas iabout the possibilities of
evaluating, monitoring and forming dynamic Statésraction and axial-suspension
engines. The authors develop original methodsrottiral mathematical modeling.

II. Some general terms. The axial-axle suspension traction motor functions
in a fairly saturated dynamic environment whiclioisned in several directions. On
the one hand, a wheelset interacts with a raiktradich can be considered as a
source of the so-called kinematic disturbance xIT'tte basic design scheme of the
traction engine is shown in Fig. 1 It shows theatigé position of the acting
disturbances and the principal arrangement of ielastements with reduced
stiffnesses k1 and k2. It is supposed that thecbdisigram reflects the traction
motor symmetry properties, i.e. the design cir@uitat; equivalent transformations
are possible between power factors [9-11].

II1. Features of mathematical model
construction. A schematic diagram of an
axial-axle suspension traction motor is, in th
general case, a mechanical oscillatory syste
as shown in Fig. 1.

It is expected that the movement of th
object is described in a two-coordinate syste
(yl, y2, yO and¢) associated with a fixed

basis. The system has a center of mass (p.C
Fig. 1); the object has a mass M and momer
of inertia J relative to the center of mass; i..
turn, the center of mass is located at distancdad- 1. Schematic diagram of an
I1, I2 from the reference points at which the @Xial support traction motor
elastic elements k1, k2 are fixed. The synchrogizaction of two perturbing
factors has the arrangement of conditions abibtyifitense vibrations of elements,
the occurrence of increased loads and intense ekanghe shapes of distribution
structure of the oscillations amplitudes of theegbpoints of the [9-11].
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Fig. 2. The design diagram of the original objecFig. 1 is considered as a
mechanical oscillatory system with two degreeseédom
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Figure 2 shows the design circuit of the objectsidered as a mechanical
oscillatory system with two degrees of freedom 19-Fig. 2 gives the example of
the motion translation device (UPD) in the form a&fnon-self-locking screw
mechanism; equivalent moment of inertia UPD isrdediby L.

The objective of the study is to develop a metloyddnstructing mathematical
models that provides the ability to evaluate amthfdynamic states of an object.

V. Mathematical models construction, features of subsystem interaction.
Note the structural mathematical models of a trarispystem that satisfies safety
requirements can be interpreted in the formal syisimoof the electrical circuits
theory. Dynamic constraint reactions can servetats parameters of a mechanical
oscillatory system, as well as well-known forms tadnsport safety assessment
based on the kinematic parameters use in the pnsblef the technological
transport systems dynamics. The constraints dynagaiction at a selected point in
the system is defined in the form of an operatothasdisplacement product by a
dynamic stiffness unit and carries information atibe features of resonant modes
and dynamic damping of vibrations which may be &aple in the task of ensuring
information security. To construct a mathematicalded using the calculation
scheme in Fig. 2, the approaches described in [9at& used. A structural
mathematical model in the structural diagram forfracdynamically equivalent
automatic control system is shown in Fig. 3.

(Jc* — Mab) p*
1 Je* — Mab) p*—0— 1 A—»—
(Ma® +J + L) p* +k, i (Je* — Mab)p (Mb* + J* + L) p* +k, Y
z 7 L Lp +k, |&— 2,

Fig. 3. The structural mathematical model of thgioal system according to Fig. 2
with kinematic disturbance

Fig. 3 shows a series of notations= ja - complex variable [ =+/-1), the
<-> jcon above the variable means its Laplace imtagderive the initial equations
in operator form, the Laplace transforms are usedédro initial conditions.

Assuming for simplicity thatl =22 =z from the block diagram in Fig. 3, you
can get the transfer functions:

\Nl(p)zgz(l_lp +k)[(Mb* +Jc* +L,) p° +k,] + (L, p” +k,)(Jc” —Mab) p (1)

7=7,=7 A(p)
_ Y, _ (Lp* +k)[(Ma® +Jc® + L) p* + k] + (L, p* + k)(Ic* — Mab) p
Wo(p)=7 = - A(p;q — e
_ L _ b _ 1
rae a—ll+|2,b—|1+|2, _|1+|2'

A(p) =[(Ma® + Jc* + L;) p* + k] [(Mb* + Jc* + L,) p* + k,] —[(Jc® - Mab) p*]* (3)
— is a characteristic frequency equation.
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The system (Fig. 2) consists of two partial blobksing inertial connections
between each other which brings a certain spetyifioithe system [9-11].
On the hypothesis that =z, =z we have the possibility of a functional

relationship between the valuesldf, L2 in the form
Lo =aLy. (4)
This kind of practical relationship is realizedtime UPD on the basis of a
non-self-locking screw mechanism where the flywhaai can be braked by the
controlled pressing of the brakeblock.
In this case, the expression for the transfer fansttakes the form:

V\él(p = Y - (LP"+K)[(MD” + Jc” +al,) p” +k,] +(aL,p” +k,)(Jc” ~Mab) p” 5

Coa " 7 A(p)
WE(p) =22 = (P +l(Ma’ + 36+ LD ]+ (Lp +k)(Je" ~Mab)p* e
Craty © - © A(p)
where

A(p) =[(Ma® + Jc* + L,) p* + k] (Mb? + Jc* + aL,) p* + k,] —[(Jc* - Mab) p*]*.(7)

For a general assessment of the capabilities ofsistem, a frequency
diagram can be constructed.

V. A frequency system diagram building. To build the frequency diagram
for the model task of the transport system whilsugimg operational reliability and
safety, the following parameters are seledied 7000 kg;J = 2000 kg.m2a =
=0.57;b = 0.43;c = 0.71;k1 = 1000 kKN / mk2 = 2000 kN / mj1 = 0.6 m;I12 =
=0.8m;L1 = 100 kg.

The determination of the dynamic oscillation sugpren frequency, at which
the simultaneous dynamic oscillation suppressiolh @dcur, is identified by the
curve crossing in the frequency diagram (Fig. 49teNthat the partial and eigen
frequencies also depend an

1. Fig. 4, point (1) determines the frequency of dyita oscillation
suppression simultaneously along two coordingesand y,. Such a point also

determines the value of the coefficient of connistio.
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Fig. 4. The frequency diagram for determining tbgimes of dynamic oscillation

suppression under the condition £D, L2# 0 and different values of the coupling

coefficienta
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2. For p (1), which corresponds to= 2 (on the horizontal axis), frequency
response reflects the specific dynamic propertnesnely that the frequency of

external influences both coordinatgs y, simultaneously become equal to zero.
Such a dynamic mode can be called "simultaneousentythamic damping of
vibrations in two coordinatey, and Y,". The identification of such modes can be

attributed to dynamic effects, which have scieatifiovelty that will eventually
require some explanation because the present gualyilt on certain assumptions
and conditions.

Conclusion. A method for constructing frequency diagrams ofchamical
oscillatory systems has been developed. On thsis bstudies of possible dynamic
properties of systems under two perturbations enrttodes of dynamic vibration
damping have been carried out.

With two simultaneously acting perturbations, itowls the possibility of
changing the amplitude-frequency characteristithefsystem within a wide range.
In particular, it is possible to create modes ohaiypic damping of vibrations
simultaneously on two coordinates, as well as formfischanging frequency
characteristics when varying the connectivity ceedht. It is shown that changes
in the dynamic properties of the system can beiddaby introducing additional
links or devices for converting motion. Structuyalbuch links can be implemented
on the basis of non-self-braking screw, gear ogéimechanisms. The connectivity
coefficient, in the physical sense, determinesr#ti® between the reduced masses
of devices for converting motion.

Cnucok Jurepatrypbl

1. Jlonmux II.A. JluHamMuueckoe KadyecTBO MAaIlMH U OOOPYIOBaHMS Kak
HHCTPYMCHT O6CCH€‘-I€HI/I}I HaJACXKHOCTHU IMPpOnU3BOACTBA )41
KOHKYpeHTocrocoOHocTH mporeccoB. MoHorpadust / IT.A. Jlonmux, C.B.
Emuceen. —Upkyrck: U3n-Bo UpkyTckoro roc. Texaudeckoro yH-ta, 2014.

2. Livshits LI, Lontsikh P.A., Eliseev S.V. The methof implementation of the
numerical it-security metrics in management systém&0th Conference of
Open Innovations Association FRUCT Proceedings. ILETniversity,
St.Petersburg, Russia. 2017.242-247.

3. MaxyroB H.A. OGecnieuenue 06e30MacCHOCTH — MPUOPUTETHOE HAIPaBIICHHE B
obmacti (pyHIaMEHTAIBHBIX W MPUKIaAHBIX HccnenoBanuii /| H.A. MaxyTos,
H.B. AGpocumoB, M.M. Tagenun // DKOHOMHYECKHE U COLHAIbHBIC
nepeMeHbl: (aKThl U TeHACHIUH, mporuo3. — 2013. Ne 3 (27). —C. 46-71.

4. Bamunackuit O.C. Urtorm paboThl M 3a/Ja4d JIOKOMOTHBHOTO KoMmiuiekca //
Kenesnomopoxusriii Tpancropt. — 2018. Ne 2. —C. 48-51.

5. Xapnamo B.B. Meroasl u cpeacTtBa IWAarHOCTUPOBAHHS TEXHHUYECKOTO
COCTOSIHUA KOJUICKTOPHO-IICTOYHOTO Yy3Jia TATOBBIX BHCKTpOI[BHFaTCJIGfI n
JOPYTUX KOJUJIGKTOPHBIX MAIUH TIOCTOSIHHOTO TOKa: MoHorpadus. OMcK:
OMcKuit TOCYTapCTBEHHBI YHUBEPCUTET IyTel coodmenusi, 2002.

6. Asunos B.Jl. BiusiHre TMHAMUYECKOTO B3aMMOICHCTBHSI KEIE3HOAOPOKHOTO
OyTd W JIOKOMOTHBAa Ha  KauecTBO  (DYHKUIMOHHUPOBAHUS  TATOBOTO

31



10.

11.

32

anekrpoasurarens / AsunoB B.JI., Xapmamo B.B., Hexaes B.A., Illkoxyn
I1.K. // Pecypcocbeperarorire TEXHOJIOTHH Ha KeJIE3HOJOPOKHOM TPAHCIIOPTE.
Marepuansl  Bceepoccuiickold — Hay4HO-TEXHMYECKOW  KOH(EpeHIMH ¢
MexayHapoaasiM yaactaem. 2005.C. 433-438.

Clarence W. de Silva. Vibration. Fundamentals amdctite. Boca Raton,
London, New York, Washington, D.C.: CRC Press, 2@&7 p.

Karnovsky I.A., Lebed E. Theory of Vibration Prdiea, Springer
International Publishing, Switzerland, 2016, p..708

Emucees C.B. IIpuknagnasi Teopust KoJieOaHH B 3a1a4aX TUHAMUKHA JTUHEHHBIX
mexanndyeckux cucteM / C.B. EmmceeB, A.M. AptionuH. — HoBocuOupck:
Hayka, 2016. — 45%.

Emucees C.B. [IlpukimagHoii  CHUCTEMHBIM  aHaIuW3 H  CTPYKTYpHOE

MaTEeMaTH4YCCKOC MOACIINPOBAHUC (,Z[I/IHaMI/IKa TPAHCIIOPTHBIX u
TEXHOJIOTUYCCKUX MaIlluH. CBA3HOCTbH HBHH(CHHﬁ, BI/I6paLII/IOHHI:Ie
B3aMMOJICHCTBHS, pPbIUaXHbIC CBs3H). MoHorpadus. — Hpkyrck: HpI'VIIC,
2018. — 692.

Eliseev S.V., Eliseev A.V. Theory of OscillationStructural Mathematical
Modeling in Problems of Dynamics of Technical OlgecSeries: Studies in
Systems, Decision and Control, Vol. 252, Springgernational Publishing,
Cham, 2020, 521 p.

References
Lontsikh P.A. Dynamic quality of machines and equgmt as a tool to ensure
the reliability of production and competitivenesks ppocesses: monograph /
P.A. Lontsikh, S.V. Eliseev. — Irkutsk: Publishihguse of the Irkutsk state.
Technical University, 2014.
Livshits I.I., Lontsikh P.A., Eliseev S.V. The methof implementation of the
numerical it-security metrics in management systém20th Conference of
Open Innovations Association FRUCT Proceedings. ILBETniversity,
St.Petersburg, Russia. 2017. P. 242-247.
Makhutov N.A. Safety - a priority in the field ofabic and applied research /
N.A. Makhutov, N.V. Abrosimov, M.M. Gadenin // Eaomic and social
changes: facts and trends, forecast. — 20N8.3-(27). — P. 46-71.
Valinsky O.S. The results of work and tasks of tbeomotive complex //
Railway transport. — 2018.Ne 2. — P. 48-51.
Kharlamov V.V. Methods and tools for diagnosing teehnical condition of
the collector-brush assembly of traction electrimtons and other collector DC
machines: monograph. Omsk: Omsk State Transpoxtetsity, 2002.
Avilov V.D. The influence of the dynamic interaatiof the railway track and
the locomotive on the quality of the traction motdkvilov V.D., Kharlamov
V.V., Nekhaev V.A., Shkodun P.K. // Resource-savi@ghnologies in railway
transport. Materials of the All-Russian scientiiied technical conference with
international participation. 2005. P. 433-438.
Clarence W. de Silva. Vibration. Fundamentals amdctite. Boca Raton,
London, New York, Washington, D.C.: CRC Press, 2@&7 p.



JARITS. 2020. Issue 20

8. Karnovsky LA,

International Publishing, Switzerland, 2016, p..708
9. Eliseev S.V. Applied theory of oscillations in plelms of the dynamics of
linear mechanical systems / S.V. Eliseev, A.l. Artyn. — Novosibirsk: Nauka,

2016. — 459 p.
10.

Lebed E. Theory of Vibration Prdiea, Springer

Eliseev S.V. Applied system analysis and structunathematical modeling

(dynamics of transport and technological machinesnectivity of movements,
vibrational interactions, lever connections): maragmip. — Irkutsk: Irkutsk State

Transport University, 2018. — 692 p.
Eliseev S.V., Eliseev A.V. Theory of OscillationStructural Mathematical

11.

Modeling in Problems of Dynamics of Technical OltgecSeries: Studies in
Systems, Decision and Control, Vol. 252, Spring#ernational Publishing,

Cham, 2020, 521 p.

EnuceeB Cepreii BukropoBu4 — J0KTOD
TEXHUYECKUX HayK, MPo¢eccop, COBETHHUK ITPH
pekTopare 1o HaydHoU padote, UpkyTckuit
TOCYJIapCTBEHHBI YHUBEPCUTET MyTEH
coobmienus, T. UpkyTck

Eliseev Sergey Viktorovich — doctor of
technical sciences, professor, advisor to the
rectorate for scientific work, Irkutsk State
Transport University, Irkutsk

Ky3nenos Hukousaii KoncTaHTHHOBUY —
JIOKTOp TEXHUYECKUX HayK, mpodeccop
Kagepbl KOHCTPYUPOBAHUS U CTAHIapTH3ALUH
B MalIMHOCTpoeHuu, Upkyrckuil
HaIlMOHAJIbHBIN UCCIE0BATEIbCKUN
TEeXHUYECKUN YHUBEPCUTET, I'. IpKyTCK

Kuznetsov Nikolai K onstantinovich — doctor
of technical sciences, professor of Departme
of design and standardization in mechanical
engineering, Irkutsk National Research
Technical University, Irkutsk

EnuceeB Anapeii BragumupoBuy — Kanauaat
TEXHUYECKUX HAYK, JOUCHT Kadeapsl
MareMaTuk, pKyTCKuil rocynapCcTBEeHHBIN
YHUBEPCHUTET MyTeH coobmeHust, r. pKyTck

Eliseev Andrey Vladimirovich — candidate of
technical sciences, associate professor of
Department of mathematics, Irkutsk State
Transport University, Irkutsk

Jlonuux ITaBesa AGpamMoBHY — TOKTOP
TEXHUUYECKHUX HayK, mpodeccop kadenps
aBTOMAaTHU3alUU U yrnpasieHus, Upkyrckuii
HaIlMOHAJIbHBIN UCCIIEN0BATEIbCKUAMN
TeXHUYECKHIN YHUBEPCUTET, T. UpKyTCK

Lontsikh Pavel Abramovich — doctor of
technical sciences, professor of Department
automation and control, Irkutsk National
Research Technical University, Irkutsk

Received 24.06.2020

33

nt

of



