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BU3HAYEHHS YACTOT BJACHHUX KOJIMBAHb EJJEMEHTIB MEXAHIYHOI
CUCTEMMU MOTOPBAT'OHHOT'O PYXOMOTI'O CKJIAQY

Cmamms npucesauena SuUCSimieHnio 0COONUEOCMeEl BUSHAYEHHA YACHOM GI1ACHUX KOMUBAHb elleMeHIig
MEXAHIYHOI cUCmeMU CYYACHO20 MOMOPBAZOHHO20 PYXOM020 cKaady. Ilpeocmasneno nioxio 0o mMoOento8aHHs
PopmysanHa wacmom 61ACHUX KOMUBAHb MEXAHIUHOI CUCmeMU MAL08020 eNeKMPONPUSOdy MOMOPBEALOHHO2O
DYXOMO20 CKNAOY, AKULL CKEPOBAHO HA BUHAYEHHS NAPAMEMPIE 2e0MEMPULHUX MOOeNel, W0 BUKOPUCHOBYIOMbCS 8
AKOCMI BUXIOHUX OaHUX 01 po3pobieHol 8i0nogioHoi mamemamuunoi moodeni. Haeedeni pexomenoayii w000

nooanbLULO20 BUKOPUCMAHHA ompumaHuxpe3yﬂbmami6.

Knrouosi cnosa: momopsazornuil pyxomutl CKiao, ereKmponoizo, msa2osuti npusio, 61acCHi KOIUBAHHS.

ITocTanoBka npoodJiemMn

Ha nanumii vac 3Ha4yHMiI OOCST maca)KMPCbKHUX
IepeBe3eHb B INPHMICEKOMY CIIONYYEHHI Ha Mepekax
3aNi3HUNG YKpaiHW 3IiHCHIOEThCS eKCIUTyaTalliifHIM
MapKOM MOTOPBAarOHHOTO PYXOMOTO CKJaay, OinibIina
YacTHHA OJWHUIF 3 SKOTO eKCIUIYyaTYeTbCs Yy
HAJHOPMOBHH TepMiH. 3 ypaxyBaHHSIM BiIHOCHO
MOBUIPHUX TEMITIB OHOBJICHHS MapKy MOTOPBAarOHHOTO
PYXOMOTO CKJIany YKp3ali3HHUI OCOOJMBO BaXKIHBUMHU
CTalOTh ~HAyKOBI  JOCNHI[DKEHHS  CHOpPSAMOBaHI  Ha
MIATPUMKY BHCOKOTO PpIiBHS  TEXHIKO-€KOHOMIYHHX
MMOKAa3HUKIB  €JICKTPOIOI3/iB, IO 3HAXOAATHCS B
ekcruryartarii. ToMmMy IOCHIIKEHHS, CHpSMOBaHI Ha
BIIOCKOHAJICHHS MTOKa3HUKIB (hYHKITIOHYBaHHS
€JIEMEHTIB KOHCTPYKII MOTOPBarOHHOTO PYyXOMOTO
CKJIaJTy, CITiJ] BB&KaTH aKTyaJdbHUMU [1].

B sixkocTi ogHOTO 3 HAWBIANOBIJANBHIMIAX BY3JIiB
MEXaHIYHAX  CHCTEM  OJUHHIIb Cy4acHOTO
MOTOPBAarOHHOTO PyXOMOT0 CKJIaLy,
0e3rmocepeIHFO TapaHTye OE3MeKy pyX, CIi BUIUTUTH
eKiMakKHy YaCTHUHY, KOHCTPYKIIS SKO1 MICTHTB TSATOBHIMA
eJIEKTpONpuBOa. SIK TOKa3ajga MpaKkTHKa, B MPOIECi
eKCIUTyaTallil eleKTPONOi3IiB, Ha AESIKHX DPEXHMax IX
poOOTH, CIIOCTEpIraeTbesl SBHIIE IOIITOBXIiB, IO
BIAIMOBiZla€ PE30HAHCHUM pexumaM pobotu  (36iry

SIKAH

YaCTOT BJIACHMX Ta BHMYIICHHX KOJHMBaHb) Ta Mae€
HETaTHBHUI BIUIMB HA HAIMHICTH Ta JOBIOBIYHICTH iX
MeXaHI9HOI CHCcTeMH B mijioMy. lle Bu3Hauae HampsIMOK
JIOCITI/DKEHb CIPSIMOBAHUX Ha BHSIBJIICHHS PE30HAHCHHX
YacTOT Ta YCYHEHHS X HETaTUBHOT'O MPOSIBY.

OmHUM 3 MOXJMBUX  [UIIXIB  BHpILIEHHS
IOCTaBJIEHOI 3ajadi €  HaJAIITyBaHHA  POOOTH
MEXaHi3My TSATOBOTO TIPHUBOAA Ha HEPE30HAHCHUX
peKMMax, IO B CBOIO 4Yepry IOTpedye HpOBEICHHS
JOCTIUKeHb Ha KPYTWIbHI KOJIMBAaHHSI MeXaHI9HO{
cuctemu npusofa [1].

AHaJi3 0CTaHHIX JOCTIKeHb I myOJikanii

AHati3 JmiTepatypHux jpKepen [S — 7 ] mokasas, 110
Ha TeMepilHil 9ac MPOBOMATHCS YHCENBbHI TEOPETUYHI
BUINYKYBaHHS [IOAO0 MEXaHIYHMX KOJIMBAaHb, fKi
371e0LIBIIOro CIIPSIMOBaHI Ha TEOPETHUYHI JOCIIKEHHS
SIBUIIA KONMMBaHb. B TOH ke yac NHUTaHHS, ITOB’sI3aHi 3
MIPaKTHYHUM BHSBJICHHSIM Ta ONHCAHHAM (OPMYyBaHHS
YacTOT BJIACHUX KOJHMBAaHb €JIEMEHTIB KOHCTPYKIIii
CY4acHOTO PyXOMOT'O CKJIaJy He 3HAMIUIM JOCTaTHHOTO
BUCBiTIEHHs. lle yckiamHIOE BHUPIIEHHSA aKTyalbHOI
3aja4l 3 MiABUINEHHA HAAIMHOCTI Ta JOBrOBIYHOCTI
Cy4acHOTO
PYXOMOTO CKJIaJly B IIJIOMY.

Metor0 cTarTi € BHCBITICHHS pO3pOOJICHOTO
HiIX0My 3 BHM3HAUEHHS 4YacTOT BIACHUX KOJIMBAaHb
€JIEMEHTIB MEXaHIYHOi CHUCTEMH TATOBOTO IIPHUBOIY
CY4acHOTO MOTOPBAaroHHOTO PyXOMOTO CKJIaJy.

MEXaHIYHOT CHCTEMHU MOTOPBaroHHOTO

Buxkiax 0cHOBHOTO MaTepiaiy

Cepen psay eTamiB JOCHIDKCHb KPYTHIBHHX
KOJIMBAHb MexaHi‘-IHI/IX CUCTEM TMCPIIOYEPTOBUM €
po3pobka
cxemu 3

KPYTHJIBHO-KOJIUBAJIbHOI ~ €KBIBaJCHTHOI
BM3HAYEHHSAM  BIAMOBIMHUX  BHUXITHHUX
napameTpiB, HEOOXIAHUX IJIsi MPOBEIACHHS TOCIIIKCHb
[2]. Ha mepmomy etari 6y10 po3pobieHo i [ocimimKeHo

KPYTHJIBHO-KOJIMBAJIbHY CXEMy TSITOBOTO HPHBOAA
(puc.1).

ExBiBazeHTHa  cXeMa  BKJIIOYa€  HACTYIHI
€JIEMEHTH:

I}, — MomeHT iHepuii poTopa  TATrOBOTO
ENIEKTPOABHUTYHA;

ey — TOJATIMBICTh Baja pOTOpa TACOBOTO

€JIEKTPO/IBUI'YHA;
I, — MOMEHT iHepIIii pe3uHO-KOpA0BOi My(pTH;
€, — TO/IaTJINBICTh PE3NHO-KOPI0BOi My(TH;
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I; — MoMeHT iHepii mecTepHi TATOBOi 3y0daroi
nepenadi;

e3 — TIO/IaTIIMBICTh 3y04aTOro 3a4YeruieHHs TAroBOl
3yOuaToi nmepenaui;

1, — MoMmeHT iHepmii 3y0uaToro Koieca TITOBOI
3yOuaTtoi nmepenadi;

e, — TIONATIMBICTH OCI KOJICHOI mapum Mix
3y0uaTUM KOJIeCOM TroBoi 3y0Odaroi mepenadi Ta
OJIDKHIM 10 HBOTO KOJIECOM KOJIICHOT IapH;

Is — MoMeHT iHepuii Koyieca KOJIICHOI mapu
OMIKHBOTO 10 3yO4yaTroro KoJieca TATOBOI 3yO4aroi
nepenadi;

es — TIONATIMBICTH OCI KOJICHOI mapu Mix

3yO4aTHM KOJEeCOM TAroBOi 3yOuaTroi mepenadi Ta
JATBHIM 10 3y04aToro Kojieca KOJIECOM KOJIICHOT mapw;

I — MoMeHT iHepiii Koieca KOJICHOI mapu
JABHBOTO 710 3y0uaToro Koseca TAroBoi 3yOuaroi
nepeaadi.

VAAVARVANGW

Puc. 1. KpyTunbHO-KONMBallbHa €KBIBAJICHTHA CXEMa
TATOBOTO IIPUBOJA EJIEKTPOIOi3a

3 MeTor BHU3HAYCHHS HapaMeTpiB €KBiBaJCHTHOL
KpPYTHJIbHO-KOJIUBAJIBHOT CXEMH Ha HACTYIHOMY €Tari
NIPOBEJCHHS  JOCHI/PKeHb  Oynu  po3poOieHi, 3
BHKOPHCTAHHSAM CYYaCHOTO IPOTPAMHOTO 3a0e3MeUeHHS
[3, 4], BigmoBigui reomerpuuni Mozeni. Ilpuxnaan
pe3yapTaTd  TEOMETPHUYHOIO  MOJCIIOBAHHSA  Ta
BiJINIOBiTHI T€OMETPUYHI MOZIET HaBeACeHO B Tabmmii 1.

HactynHuit  eram  JOCHI[KeHb  mepeabadae
CTBOPCHHS BIANOBIHOI 7O CXEMH MaTeMaTHYHOL

MOJeINi 3 BUKOPUCTaHHIM peKypeHTHUX (opmyin [5].

I[Ipu rapMOHIYHHMX KOJHMBAaHHSX I[i MOMEHTH
BH3HAYAIOTHCH SIK:
4 e - - . 1
€i_1ii =it sinwt (1)
4 = - - . i
€itLi = Cjuyi SNt @
2
d .
M, =-I; -—;: I - -a)2 -sinat, (3)
iH dt
e Ii — MOMEHT iHepIIil i-Toi MacH.

Tab6mums 1
IMpuknagy reoMeTpUYHOTO MOJIETIFOBAHHS €JIEMEHTIB
KOHCTPYKIIii MEXaHIYHOI CHCTEMH TATOBOTO IIPUBOJA
€JIEKTPOIIOi3/1a Ta BiIIOBIIHI Pe3yIbTaTH MOJIEIIOBAHHS

Enement I'eomerpuuna Monens Ta 1i
KOHCTPYKIIii napameTpu
MEXaHIYHOI

CHCTEMH

1 2

Koneco xomicHoi
mapu JajbHE BiJ
3y0uaToro koseca
TATOBOi 3y0OUaToi
nepenadi

Maca m = 820.710942 kr
[loma S =3.022068 m?
O6'em  V =0.104950 m°
MowmeHT iHepii

Jx =99.930495 kr*m?

Koseco xomicuol
mapu ONIKHE 10
3y0uaToro koseca
TATOBOI 3yO4aroi
nepenadi

Maca m = 1205.824409 kr
[owa S = 4.592074 m?
06’em V =0.154197 v®
MomeHT iHepitii

Jx = 125.521343 kr*m®

[HecTepns
TATOBOi 3y0OuaToi
nepenadi

Maca m= 12.957986 kr
[noma S = 0.233888 M
06’em V = 0.001649 m°
MowmeHT iHepii

Jx = 0.087262 kr*m?
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[IponoBxenus Tadu. 1

1

2

[Tectepus
TATOBOI 3yOuaToi
repenadi

Maca m=221.86235 kr
[owa S = 1.544246 m?
06’em V =0.028241 m>
MowmeHT iHepiii

Jx = 8.866656 Kr*m®

Porop Tarosoro
€JeKTPOABUTyHA

Maca m = 1324.383914 kr
ITmoma S = 2.590461 m2
06’em V = 0.169359 m*
MomeHT iHepiii

Jx = 46.895080 kr*m’

Pe3uno-kopnosa
mydra

Macam=7.932171 xr
o S = 0.546131 m?
06'eM V = 0.006197 m*
MomeHT iHepiii

Jx = 0.318034 kr*m?

Komicha mapa B
IOMY

Maca M = 1760.88964 kr
[noma S =7.818883 m*
06'5m V=0.225177 m°
MowmeHT iHepii

Jx = 225,451 kr¥m®

3Bakaroyd Ha 3a3HAa4YeHE BHIIE MOXKHA 3alUCATH
YMOBY piBHOBAr# [uis OJHi€l MacH:

, d?
— €y _Ii'TZ)_'_ei—l;i =0 (4)

3BiJIKH MOMEHT CHJI PY>KHOCTI JIOPIBHIOE

€ :ei—l;i_li'ai'wz ()

i+Li

a aMILTITy/1a KOJIUBaHb i+ /-TOi Macu

Syt (6)
C

i+l

e C — KOPCTKICTh BiJIOBITHOI JIJITHKH Bajy.

i+10
3a momomororw Qopmyn (5) i (6) migbuparTh

BJIACHY YaCTOTY CHCTEMHU @), . JlI LIbOTO MPUHMAETHCSA

amIutiTyaa nepioi Macu @ =1 st Gyap sikoi yacTotn
@, o ¢popmyii (5) 3HaXOASATH MOMEHT CHJI TIPY>KHOCTI
€5, a o opMmyii (6) aMILTITYly HACTYIHOI MacH d, .
Ilpu BimomMux €, i @, PO3PaXyHKH HOKPOKOBHM

MOBTOPOM MPOBOISITHCS JIIS BCiX Mac i AinbHHIK [6 - 8].

Tperiii etanm po3paxyHKIB TOJATae y po3poodmi i
IOCIIHKEHHI MaTreMaTWYHOI MOJEl IS BHU3HAYECHHS
YuceNl BJIACHUX KOJIMBaHb cucteMu. CIil 3ayBayKUTH,
o po3poliieHa MaTeMaTH4YHa MOJIENb IPYHTYEThCS Ha
BUKOPHCTaHHI TaOMMuHOI (OpPMH pPO3paxyHKIB IIO
pekypenTHux popmynax [9, 10]. Ipuknax Takoi hopmu
HaBEJICHO y Tabul 2.

Po3pobiiena mMaTemaTH4Ha MOJENb Ta TPOBEACHI
PO3paxyHKOBI JIOCHIDKEHHS 3 BHKOPHUCTAHHAM Mi€l
MOJIEI Ta 3alPONOHOBAHOTO IMiIX01Y, 10 0a3yeThCs Ha
BHU3HAYCHHI YacTOT BJIACHUX KOJHMBAaHb 32 JOTIOMOTOIO
PEeKypeHTHUX (GOpMyJ JIO03BONIWIIM OmHMcaTH (GopMy
BJIACHUX KOJMBaHb TSATOBOTO IPHBOJA EJIEKTPOIIOi3/a.
B sikocti mpukiiagy Ha puc. 2 HaBeleHO (OpMY 4acTOT
BJIACHUX KOJIMBaHb TSATOBOTO IIPHUBOJY €JIEKTPOINOi3zia
EP2. MopenroBanHsA TmoOKa3ano, Imo ¢opma dacTtoT
BJIACHUX KOJIMBaHb EKBIBAJIEHTHOI CHCTEMH TSITOBOTO
MIPUBOJIA SJICKTPOIIOi3/Ia € TBOX BY3JIOBOIO.

BucHoBKHM Ta mpono3uuii MoAa bIMX
JOCJTiIKeHb

PosristHyTi B cTaTTi  OCOONMBOCTI  METOIY
pO3paxyHKy YacCTOTH BJACHHUX KOJHBAHb TATOBOTO
MPHUBOJIa EIEKTPOIIOi3/1a, 3alPOIIOHOBaHA MaTeMaTHIHA
MOZENh Ta pEKOMEHJamii 3 11 BUKOpHCTaHHS
JIO3BOJISIFOTH TIPOBOJUTH MOJICITIOBAHHS KOJIMBaIbHUX
MPOIECiB, MO0 TNPOTIKAIOTH B MEXaHIYHUX CHUCTEMax
eKIMaKHOT YACTHHU PYXOMOTO CKIIaiy.

295



Komynansne 2ocnooapcmeo micm, 2023, mom 4, eunyck 178 1SSN 2522-1809 (Print); ISSN 2522-1817 (Online)

Tabmuus 2

[puxknax cxemu TabauaHOi HOPMHU pO3paXxyHKY YaCTOT BIACHMX KOJUBAHD €KBIBaJICHTHOI CHCTEMH 3
BUKOPHCTAHHSIM PEKYPEHTHHUX (GopMyI

/

R
S -
= 2 MowmeHT cui iHepItii M i 5
= o) . i . g
Z MEHT TIPYKHOCTI €],1.j Ammtityna a; g
= ' nogatTmsicts 1/¢; 4. =
Z 3
_ 2 _
1 I, o’
I
12 2 12
M a,=a,+ 22
€x=€,-M;, <«— Mj=1,0"8,€<T— {=4 C, 2
2
|
\L -1, +
€23 2
2 = .
ep=—1 0 -1, . Cro +|1 |, @
C
2-3 ) |, - w? —> — — > 12
o |1--2 c
. . 23 a)z
Cpr \L o
Cas
A <-
- ') !
n- A\
n+1 R:enn+l (____ (----
T 7
/| \\
// )
, In) 0]
° ° e s e

Puc. 2. 3aranpuui BU] KpI/IBO.ll 3QJIMIIKOBHX MOMEHTIB €KBiBaJIEHTHOI CUCTEMHU TSITOBOIO ImpuBoOJa eneKTponohna
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OTtpuMaHi pe3yabTaTH MOXYTh OyTH BUKOPHUCTaHI
JUIL  OLIHIOBAaHHS  4YacTOT  BJIACHUX  KOJMBAaHb
6araToMacoBOi CHCTEMH, II0 Ma€ BAXIMBE 3HAUCHHS
JUISL  JIOCHIJDKEHHSI CTYNEHs BIUIMBY HA MeEXaHIuHY
CHUCTEMY KpPYTWIBHHX KOJIMBaHb TSITOBUX CHCTEM
MIPUBOAY Pi3HUX THITIB PYXOMOTO CKIaLy.
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DETERMINATION OF THE FREQUENCY OF NATURAL OSCILLATIONS OF THE ELEMENTS OF
THE MECHANICAL SYSTEM OF THE MOTOR CARRIAGE ROLLING STOCK
V. Tishchenko, O. Lohvinenko, M. Odegov
Ukrainian state university of railway transport, Ukraine

The article is devoted to highlighting the peculiarities of determining the frequencies of natural oscillations of
the elements of the mechanical system of modern rolling stock. A significant volume of passenger transportation in
suburban traffic on railway networks of Ukraine is carried out by the operating fleet of rolling stock, most of which
are operated overtime. Taking into account the relatively slow pace of renewal of Ukrzaliznytsia's rolling stock fleet,
scientific research aimed at maintaining a high level of technical and economic indicators of electric trains in
operation becomes especially important. Therefore, research aimed at improving performance indicators of
structural elements of rolling stock should be considered relevant. As one of the most responsible units of the
mechanical system of modern rolling stock, the crew part can be singled out, which includes a traction electric
drive, during the operation of which the phenomenon of jolts is observed in some modes of operation. Such a
phenomenon is observed in resonant modes of operation, that is, the coincidence of the frequencies of natural and
forced oscillations, which negatively affects the reliability and durability of the mechanical system as a whole.
Therefore, the task of identifying resonant frequencies and eliminating the manifestation of the negative
phenomenon of resonance arises. One of the possible ways to solve the given problem is to adjust the operation of
the traction drive mechanism in non-resonant modes, which in turn requires research on the torsional oscillations of
the mechanical drive system. The article presents an approach using geometric models of the design elements of the
traction drive of electric trains, the corresponding mathematical model, and the results of modeling the shape of the
frequency of natural oscillations of the traction drive of an electric train. Based on the results of the calculations, it
was determined that the form of natural oscillation frequencies of the considered mechanical system has a two-node
character. The proposed approach is based on the use of a tabular form of calculation of recurrent formulas. Based
on the results of the research, recommendations are given for the further use of the obtained results.

Keywords: motor-wagon rolling stock, electric train, traction drive, self-oscillations.
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