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Mpo6niembl ¢ KpernieHneM TIroBbix gBuratesei
3/1IeKTPOBO30B YyrpoXatT 6e30MnacHOCTH
ABVDKEHUS Ha XeJ1e3HbIX Joporax. ABTOpbl
aHann3upyroT xapakTep paspyLueHnii
KperneXHbix 60/ITOB 1 KPDOHLITEHHOB

u popmynmpyioT psa pabounx rurnores

ANS1 BbISICHEHUsI NpuYuH. TeopeTndeckas
3Ha4YMMOCTb CTaTbU 3aK/ll0o4aeTcs

B UccJie40BaHNM COOTBETCTBUSI PaCYETHOM
cXxeMbl, MPUMEeHSIe MO AJ1s1 OnpeAesIeHNs
CcwJ1, BeiCTBYIOLLMNX HA 3J1IeMEHTbI ONTOPHON
KOHCTPYKUNU, peasibHbIM peakuynsm,
BO3HuKaroLWuMm B onopax. Ocoboe

BHUMaHue y[eJsIeHO NnosiBJIeHNI0 BO3MOXXHbIX
nepuoanNYecKknux BO3MYLLEHWI B TArOBOM
npusBose oT My Tbl C y4€TOM rMpPOCKOMUYECKNX
MOMEHTOB, BO3HUKAIOLLMX MPU ee BPaLYEeHUN.
Ha ocHoBe aunHaMmun4eckux pac4eToB caesaHbl
BbIBOAbI O MPUYUHAX Pa3pyLUeHNU KperJieHnii
U O TOM, KaKasi cxeMa KperjieHusi TAroBoro
ABUrateJsisi K pame TeJIeXKU sIB/ISIeTCS
paumnoHasibHOM, nNpexae Bcero — ¢ y4eTom
BbICOKOCKOPOCTHbBIX PEXXUMOB.

Knro4eBble croBa: xeneaHasi 4opora,
6e30rMacHOCTb, KperieHvsl TAroBbIX ABUratesnen,
cuctema «pama TesIexXKU—TSroBble ABUraTenv»,
ANHaMUYECKNA aHaIn3, rMpoCKonuyeckme
MOMEHTbI My TbI, padbanaHcupoBka MydTbl,
CcTarnyecky HeonpPeaeaMasi Cxema KperieHusl.
|
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OMITOHEHTHI MEXaHUYECKOI YacTu

TSITOBOTO TPUBOAA JTOKOMOTHUBOB

MOTYT J00aBJISITh 3HAYUTEIbHYIO HE-
TOJIPECCOPEHHYIO MaCCy, €CTU Ha KOJIECHOM
rmape HaxOIUTCsI, HATIPUMED, TATOBBIN TBU-
raTelib.

Ha ckopoCTHBIX MaccaskupcKuX 3JIEKTPO-
BO3aX C LIEJIbIO CHUKEHUST HETTOJIPECCOPEHHOMN
MacChl IPUMEHSTIOT TSATOBBIN TTPUBO]I C OTIOP-
HO-0CEBBIM PEAYKTOPOM U PAMHBIM TSITOBBIM
nBuraresem (rmpusop kinacca [1 mo knaccudu-
kaunu pod. Y. B. buprokosa).

ITpusox knacca I mo cBoeii cxeme sBsI-
eTCsl KWHEMaTUYeCKN HEeCOBEPIIEHHBIM 10
YPOBHIO IMHAMUYECKUX HATPYy30K B KUHEMA-
THYECKOM LIETTH «POTOP TSATOBOTO ABUTATEIIST —
penyKTOp — KoJiecHas mapa» [1].

Jist CHUXKEeHUST TMHAMUYECKUX HArpy30K
B 9Ty KWHEMATUYECKYIO 11ETTh BBOIST YIPYTUiA
9JIEMEHT B BUIIE PA3IMYHBIX TI0 KOHCTPYKIINN
TATOBBIX My(DT, KOTOPBIE CHIKAIOT MTAPa3UTHBIE
JUHAMWYECKIE MOMEHTBI. DTOT KJTacC TSITOBOTO
TIPUBO/IA ITMPOKO MPUMEHSIETCST HA CKOPOCTHBIX
JIOKOMOTHMBAX U IaKe PACTIPOCTpaHsIETCsS Ha
BBICOKOCKOPOCTHOM TTOIBUXKHOM COCTaB — CKO-
POCTHBIE U BHICOKOCKOPOCTHBIE JIEKTPOTIOE3/1a.

J1o HemaBHETO BpeMeH! Ha 9KCTUTyaTHUpy-
€MBIX 2JIEKTPOBO3ax B OTUX MPUBOMIAX HE-
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MUCITPABHOCTU TMOSIBJISIIACH TOJBKO B TSTOBBIX
peaykTopax u MygTax n3-3a HeKaueCTBEeHHO-
ro pemoHra [2, 3].

OCHOBHOI1 KOMIIOHEHT TSITOBOTO MPUBO-
Jla — TSITOBBIM IBUTATE b HAXOAUJICS Ha MO/ -
pPECCOPEHHOM YacTu paMbl TEJEXKU U He
UMeJl, KaK MpaBujo, HEUCIIPABHOCTEN 1O
MeXaHUYeCKOI YacTu.

IIpu mosBAEHUM HA CETU XKeJTE3HbIX
popor OAO «P2KJI» HOBBIX CKOPOCTHBIX
naccaxxMpCKUX 3JIEKTPOBO30B C aCUHXPOH-
HBIMM TSITOBBIMU ABUTATEISIMU Ha JIBE CU-
CTEMBI pOJia TOKA MOSBUJINCH pa3pylIeHUs
KpeIJeHUI TITOBBIX JABUraTesell K pame
TEJIEXKKHU.

OTHU 2JIEKTPOBO3bI B CUJTY CBOMX TEXHUYE-
CKMX BO3MOXXHOCTEN 9KCILTyaTUPOBAIUCH Ha
JJAWHHBIX TIJledyaX U CO CKOPOCTSAMU A0
140 xM/9 TIpY KOHCTPYKIIMOHHOM CKOPOCTH
160 xm/4.

TTocne HeCKOABKHUX CllydyaeB pa3pylLIeHUst
0O0JITOB KPEIJIEHUSI U OMYCKaHUS TSATOBBIX
JBUTraTeJeil Ha OCh KOJIECHOI Mapbl ObLIU
OrpaHUYeHbI JTMHA SKCIUTyaTallMOHHBIX IIeY
U COOTBETCTBEHHO CKOPOCTHOU Iuarna3oH
C LIeJIbIO CHYXKEHUST PUCKA TTOSIBIEHUST TaKUX
HeucrpaBHOCTEH [4].

XapakTtep pa3pylieHusT KpernexKHbIX 00J1-
TOB U KPOHLITEMHOB UMEET MPU3HAKU MaJlo-
LMKJIOBOM YCTAIOCTU. DTO MO3BOJISIET 3aKJTI0-
YUTh, YTO CHavaja MpOUCXOASAT OCiaabJIeHUs
OOJITOBBIX COEIMHEHUI, 3aTeM B IMpoliecce
JBVKEHUSI — MPOU3BOJIbHBIE TTepeMeEILeHUST
TSITOBOI'O JBUTaTesl, KOTOpble pa3pyllaioT
OMOPHbIE KPOHIITEHHBI C MOCAEAYIOLINUM
najgeHueM ABUraTesisi Ha OChb KOJIECHOM Ta-
pHI [5].

Jns BbIICHEHUSI MPUUYUH OCaabIeHUus
KperuieHUi ObLT BBIABUHYT Pl pabovyuX TU-
noTes.

IlepBas cBsi3bIBajach ¢ AMHAMUYECKOI
CUCTEMOM «paMa TeJIeXKKU — TSTOBbIe JBUTa-
TeJW», B KOTOPOIi BO3ZHUKAIOT pe30HAHCHbIE
PEXUMBbI, MPUBOASIIME K OCTa0JeHUIO dJie-
MEHTOB KPEeIJIEHUI TSTOBbIX IBUTATEIeH.

Bropasi — ¢ cyumiecTBoBaHrMEeM BO3MYIlIe-
HUIA, BbI3bIBAIOLIMX PE30HAHCHBIE KOJIeOaHUs
JBUTATENEH.

TpeTbst oTHOCUJIACH K TTOSIBJIEHUIO MyJIbCa-
LM 2J1EKTPOMArHUTHOIO MOMEHTaA aCUH-
XPOHHOTO TATOBOTO JABUTATEIsI, CIIOCOOCTBY-
IOLIMX OCJIA0JIEHUIO KPETLJICHUT.

ITpoBenenHbie coBmecTHO ¢ BOTHUU
XOJIOBbI€ UCITBITAHUS ABYX 2JIEKTPOBO30B I10
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Puc. 1. PacyeTHasi reomeTpuyeckasi Mogesb
CUCTEMBI «ABUraTesin — pama TeJ1IeXXKu — PpecCopHoe
noaseLunBaHNe».

BBISIBIIEHUIO IPUYMH OCJIa0JIEHNS KpeTIIeHU
TSTOBBIX JIBUTATEIEH ITOKa3au:

— B IWMHAMUYECKOU CHUCTEME «TSTOBBIE
JNIBUTATETN — paMa TEJIEXKKU» CYIIEeCTBYIOT
coOcTBeHHBIe YacTOThl Kojiebanuii 50 u 52 Iii,
KOTOPBIE CBSI3aHbI C BEPTUKAIBHBIMU U TTOTIE-
PEYHBIMU KOJIEOAHWSIMU TSITOBOTO JIBUTATESI.
DTU Y4acTOTHI OBLIN OIpeAesIeHbl IKCIIepU-
MEHTaJIbHO METOAOM yaapa [6];

— TIPU CKOPOCTSIX IBUKEHMSI 3JIEKTPOBO3a
40—60 xM/4 3a(UKCUPOBAHBI IMOBBILIEHHbBIE
MyJIbCAllM JIEKTPOMarHUTHOTO MOMEHTa,
repenaIrecs Ha KOpITyC IBUTATes .

ITocne 3aMeHBI TIPOTPaMMHOTO obecIiede-
HUS B CCTEME aBTOMATUIECKOTO yITpaBICHUS
3JIEKTPOBO30M ITYJIbCAIIMY ObLIN YCTPaHEHBHI,
M TEM CaMbIM OTITajla HEOOXOIMMOCTD ITPOBE-
PATH TPETHIO pabOYYIO TUTIOTE3Y.

ITpu paspaboTke rnepBoii paboueil rumo-
Te3bl OBUTM CO3aHBI PacueTHAsI TeOMeTpUYEe-
ckas (puc. 1) 1 KOHEUHO-31eMeHTHAas MOJEIN
CHUCTEMBI «TSTOBBIE ABUTATEIN — PaMa TeIeK-
KU — PECCOPHOE ITOIBEIIIMBAHKEY.

3aTeM MpoBeleH KUHEMaTUIeCKUil 1 CH-
JIOBOI aHAJT3 CXeMBI MTOIBEIIIBAHMSI TSTOBBIX
JIBUTATEJIEl K pamMe TeJIEeKKH.

[MoaBemmBaHue TSITOBOTO IBUTATENS K pa-
M€ OCYILECTBJISLIOCH IO KIIACCUYECKOM «Tpex-
TOYEYHOI cXeMe», B KOTOPOii peaKIuu B OIT0-
pax oT IeMCTBUS BEPTUKAIbHBIX HArpy30K
OTIPEIEIISTIOTCSI TPEMsI ypaBHEHUSIMU CTaTUKH,
U cXeMa SIBJISIETCST CTaTUIeCKHU OTIPeIeIMMOIA.

AHaJIN3 KOHCTPYKTUBHOTO BBITIOJTHEHUS
OTOPHBIX KPETUIEHWH TSTOBOTO JBUTATEsI HA
pame ToKa3zaJl, YTo OOBIMHO IPUHUMAaeMasi CTa-
TUYECKU pacueTHasl cxeMa He COOTBETCTBYET
3aIaHHON KOHCTPYKIIMM.

KoHcTpykiuu orop dakTuiecku mpej-
CTaBJISIOT COOOM JKECTKUE «3aIeIKN», B KOTO-
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Puc. 2. Cunbl peakuynii B OnopHbIX y371ax KpenaeHui
TSrOoBOro ABUratesisi K paMme Tes1eXKH.

PBIX BOBHUKAET B OOIIEM CIIydae MUHUMYM IT0
TPpHU peakiuu (puc. 2).

BEBITOTHEHHBIN TUHAMWYECKUI aHAJIN3
WUCCIIENYEMOM CUCTEMBI C MTPOEKTHOW KOH-
CTPYKLMEN ONOpP KPErIeHUSI TATOBBIX ABUTA-
TeJIei 3aKJTI0YasICs B TIOAPOOHOM BBIYUCIIEHUN
COOCTBEHHBIX YaCTOT M (DOpM KosaebaHmii [7].

Ha puc. 3 moka3ana ogHa u3 ¢hpopM KoJie-
OaHUil TMHAMWYECKOW CUCTEMBI HA YaCTOTE
50 Ir. Kak BUAHO M3 pUCYHKA, OOJBIION
KPOHILTEH TSITOBOTO IBUTATEIS [IOIBEpraeT-
CSl U3TMOHO-KPYTHJIBHBIM TeDOpMaIsaM.
AHaJlorTnYHbIe AedopMaluu ITPOUCXOIAT
U IIpU ApyTuX dopMax Koyjebanuii. Takue
nedopMalii CIIOCOOCTBYIOT OCIa0JICHUIO
0OITOBOIO KpEIUICHNST KPOHIIITeiHA HA pame

Puc. 3. @opma konebaHuii pambl TeNIEXKN
v aBurarenei npu yactore 50 Iy.
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TEJICKKU.

AHaM3 TaHHBIX OKCITTyaTalluy 3JIeKTPO-
BO3a MOATBEPXKIAET 3TOT (hakT — ociadie-
HUe U pa3pyllieHue OoIrop ABUTATENsT HauM-
HAIOTCS C OCTa0JIeHUsI UMEHHO OOJIBIIIOTO
KPOHUITEHHA.

JquHaMU4YeCcKUil aHaJIu3 MOJEPHU3UPO-
BaHHOW CXeMbI KPETUIEHUST TSITOBOTO JIBUTA-
TeJIsI C YCTPOUCTBOM HIMJTMHAPUIECKOM CKOJTb-
3s11el OIMopbl MToKa3aj, 4To opma Kosebda-
HUIl TMHAMUYECKOU CUCTEMBI C YacToToil 50
Tix yctpansiercs.

Ha puc. 4 npencraBieHbl aMILIATYTHO-
YacToTHbIEe xapakTepucTuku (AYX) BepTu-
KaJIbHBIX YCKOPEHUIA OTTOP TATOBOTO ABUTATE -
Jisi IPU BO3MYIIEHMSIX, AEUCTBYIOIMUX Ha
KOPIIyC TSITOBOTO JIBUTATEJIS.

Kak cnenyer n3 ananuza AUX, coOCTBEH-
HbI€ 4acTOThI B auana3oHe 50—60 Iir orcyrer-
BYIOT, @ Harpy>kKeHue Orop Ha JPYTMX 4aCcTOTax
MPAaKTUIECKU PABHOMEPHOE.

CorniacHO BTOPOi1 paboueil rurorese ObuT
BBITIOJIHEH aHaJIM3 CIIEKTPOB YCKOPEHUIA,
TTOJTYYeHHBIX TIPU XOIOBBIX MCITBITAHUSIX Ha
KOpIyce TSITOBOTO NBUTATeJsl. BBISBIEHBI
YaCTOTHI, KOTOPbIE KOPPETUPOBAIN C YaCTO-
TaM¥ BpallleHUsT POTOpa TSITOBOTO IBUTATEISI.

J1st Iepenauu BpalleHust OT pOTopa TSITo-
BOTO JIBUTATEJISI K PEYKTOPY B TATOBBIX TTPH -
Bojax kjacca Il ucrosnbp3yrorcs KapaaHHbIe
TSTOBbIE MY(PTBI, COCTOSIIIIME U3 JABYX TOJTY-
My(]T 1 KapIaHHOTO TOPCMOHHOTO BaJia.

B paccmarpuBaeMoM TSITOBOM MPUBOJIE
MpUMeHeHa TsiroBast My(dTa, coCcTosIIasT U3
TOPCUOHHOTO Baja, Ha KOHIIaX KOTOPOTO
MMeI0TCs 3y0uarast moaymydra 1 riiacTuHYa -
Tasl pe3MHOKopaHas noaymydra [§—10].

BbUT0 BBITTOIHEHO HMCCIeI0BaHUE Ha BEPO-
SITHOCTD TTOSIBJIEHYSI BO3MOXKHBIX TIEpUOINYE-
CKUX BO3MYIIEHMH TIpY paboTe 3TOi My(ThI
C Y4€TOM TUPOCKOITMYECKIUX MOMEHTOB, BO3-
HUKAIOIIUX MPU ee BpalieHuu [6].

HccnenoBaHust pexxrMa pa3roHa 2JIeKTpOBO-
3a, TIpY KOTOpoM My Ta packpyunBaetcsi ot 0 10
2000 06./MMH ITOKa3aJIM, YTO IPU 9acTOTEe Bpa-
meHust MydbTsl 1000 06./MUH (COOTBETCTBYET
CKOPOCTU JABUXEHUS 3jekTpoBo3a 100—
110 xM/4) pe3MHOKOpPIHAS TUTACTUHYATAs TTOJTY-
MydTa TepsieT ycTOuMBOCTb. [ Tpu 3TOM pe3uHo-
KOpJIHBIE TITACTUHBI U3MEHSIOT hopMy, 13-3a
Yero, Kak CBUJIETENTLCTBYIOT IaHHBIE KCTLTyaTa-
MU, TIPOVICXOTUT BHITSITUBAHYE TTACTH U Kpe-
TJIEHUH («BBIITyYMBaHKE 000I0UKI» ). DakTive-
CKU HAcTyIaeT pa3dajaHCUpoOBKa MY(DTHI,

PbioHUKOB E. K., Baxpomeera T. 0. [lIuHaMuKa TAroeoro npmMeoa naccaXxupcknx 3J1IeKTPOBO30B



U TIOSIBJISIIOTCSI TIEPUOINYECKIE BO3MYIIEHNS,
nepenatoiyecs Ha koprryc [11—13].

B pesyabraTe BBIITOJTHEHHOTO UCCIENOBa-
HUSI BBISIBJICHBI CJIEYIOIINE IIPUIMHBI pa3py-
IIEHWST OTIOPHBIX KPETUIEHUH TSTOBBIX IBUTA -
TeJIel MaccaXkupCcKOro 3JeKTPOoBO3a CO BTO-
PBIM KJIACCOM TSTOBOTO MPUBOJIA:

— cXeMa TOIBEIMBAaHUSI TITOBOTO IBUTA-
TNl K paMe TeJIeXKHU SIBIISIETCSl CTAaTUYECKN
HEOoNpeaeUMON U3-3a KOHCTPYKTUBHOTO
WCTIOJTHEHUST 3JIEMEHTOB KPETUICHUST;

— MPU BKCIUTyaTallui 3J€KTPOBO30B CO
CKOpPOCTSIMU nBUXeHUd cBbime 100—
110 xM/9 MpOUCXOAUT pa3balaHCUPOBKaA
TITOBOI MY(PThI C PE3MHOKOPAHOM MOJIyMyd-
TOW, YTO CO3/1AaeT MePUOANYECKIE BO3MYIIIE-
HUS, BBI3BIBAIONINE BUOpAIIUU TSITOBOTO
JIBUTATEJISI U CIOCOOCTBYIOIIKE OCTa0IeHUIO
KPETUIEHU .
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{{# ‘ & DYNAMICS OF PASSENGER ELECTRIC LOCOMOTIVE TRACTION DRIVE

Rybnikov, Evgeny C., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Vakhromeeva, Tatiana O., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

Problems with mounting of electric locomotive
traction motors threaten railway safety. The authors
analyze the nature of destruction of fastening bolts
and brackets, and formulate a number of working
hypotheses explaining causes of destruction. The
theoretical significance of the article is to examine
the conformity of a design scheme used to determine
forces acting on elements of the supporting struc-

ture, with actual reactions occurring in the bearings.
Particular attention is paid to possible emergence of
periodic disturbances in traction drive from clutch
taking into account gyroscopic moments, occurring
when it is rotating. On the basis of dynamic calcula-
tions conclusions are suggested about the causes
of destruction of mounts and about what scheme of
traction motor fastening to the bogie frame is rational,
especially for high-speed modes.

Keywords: railway, safety, mounting of traction motors, system «bogie frame — traction motors», dy-
namic analysis, clutch gyroscopic moments, clutch imbalance, statically indeterminate mounting scheme.

Background. Components of mechanical part of
locomotive traction drive can contribute significantly
to the increase of the unsprung mass, if on a wheel
set, for example, a traction motor is located.

On high-speed passenger electric locomotives in
order to reduce unsprung weight a traction drive is
applied with supporting axial gear and frame traction
motor (drive of class Il according to classification of
professor I. V. Biryukov).

Drive of class Il according to his scheme is cine-
matically imperfect in terms of dynamic loads in the
kinematic chain «traction motor rotor — gearbox —
wheel set» [1].

To reduce dynamic loads a resilient element is
introduced into the kinematic chain in a form of various
by structures traction clutches, which reduce artifac-
tual dynamic moments. This class of traction drive is
widely used in high-speed locomotives, and even
extends to high-speed rolling stock — speed and high-
speed electric trains.

Until recently, with regard to operated electric
locomotives malfunctions appeared in these drives
only in traction gearboxes and clutches due to poor
repair [2, 3].

Objective. The objective of the authors is to study
traction drive dynamics of passenger electric locomo-
tives, and some particular problems of mounting of
traction motors.

Methods. The authors use general scientific and
engineering methods, comparative analysis, simula-
tion.

Results. The main component of a traction drive,
that is traction motor, was located on the sprung part
of the bogie frame and did not usually have me-
chanical malfunctions.

When new high-speed passenger electric loco-
motives with asynchronous traction motors and pur-
posed to use two systems of current appeared, de-
struction of traction motors fastenings to the bogie
frame began to occur.

These electric locomotives due to their technical
capabilities were operated on long hauls and with
speeds up to 140 km/h while the design speed was
160 km/h.

After several cases of destruction of fastening
bolts and descending of traction motors on the wheel
set axle, the length of operational hauls was limited
and respectively speed range was limited as well to
reduce a risk of occurrence of such faults [4].

The nature of destruction of fastening bolts and
brackets shows signs of low cycle fatigue. This sug-
gests that after first weakening of bolted connections
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random movements of the traction motor occur, de-
stroying support brackets, followed by the fall of the
motor axle on the wheel set [5].

To clarify the reasons for weakening of mounts, a
number of working hypotheses was offered.

The first one was associated with a dynamic sys-
tem «bogie frame — traction motors», in which reso-
nant modes arise, leading to weakening of elements
of traction motors fastening.

The second one was associated with existence of
disturbances that cause resonant vibrations of en-
gines.

The third one referred to appearance of fluctua-
tions of electromagnetic torque of asynchronous
traction motor, facilitating weakening of fastenings.

Carried out in cooperation with All-Russian Re-
search and Design Institute for Electric Locomotive
Building (hereinafter — VELNII) running tests of two
locomotives, intended to identify the causes of weak-
ening of traction motors fastenings have shown:

— in the dynamic system «traction motors — bogie
frame» own vibration frequencies of 50 Hz and 52 Hz
exist which are associated with vertical and transverse
vibrations of the traction motor. These frequencies were
determined experimentally by an impact method [6];

—atspeeds of 40-60 km/h increased fluctuations
of electromagnetic torque, transmitted to the motor
housing, were recorded.

After changing the software in the electric loco-
motive automatic control system fluctuations were
eliminated, and thus there was no need to check the
third working hypothesis.

When designing the first working hypothesis
geometric (Pic. 1) and finite element models of the
system «traction motors — bogie frame —spring sus-
pension» were created.

Then kinematic and power analysis of the scheme
of traction motors suspension to the bogie frame were
conducted.

Suspension of the traction motor to the frame was
carried out by the classical «three-point scheme» in
which responses in the bearings from the action of
vertical loads are defined by three equations of statics,
and the scheme is statically determinate.

Analysis of structural embodiment of the trac-
tion motor bearing mounts on the frame showed
that the usually assumed as statically determinate,
the design scheme does not correspond to design
structure.

Construction of supports is actually hard «seals»,
in which generally minimum three reactions occur
(Pic. 2).
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Pic. 1. Design geometric model of the system «traction
motors — bogie frame — spring suspension».

Dynamic analysis of the system with project de-
sign of fastening supports of traction motors includes
detailed computation of natural frequencies and forms
of oscillations [7].

Pic. 3 shows one form of dynamic system oscilla-
tions at a frequency of 50 Hz. As can be seen, a big
bracket of the traction motor is subjected to flexural-
torsional deformations. Similar deformations occurin
other forms of vibrations. These deformations facili-
tate weakening of bolt fastening of the bracket on the
bogie frame.

An analysis of electric locomotive operating data
confirms this fact — weakening and destruction of
engine supports begin with weakening of this big
bracket.

Dynamic analysis of the upgraded fastening
scheme of the traction motor with a cylindrical sliding
support showed that the form of oscillations of the
dynamic system with the frequency of 50 Hz is elimi-
nated.

Pic. 4 shows amplitude-frequency characteristics
of vertical accelerations of bearings of the traction
motor at disturbances acting on the traction motor
housing.

An analysis of the frequency response shows, that
natural frequencies in the range 50-60 Hz are absent,
and loading of supports at other frequencies is almost
uniform.

According to the second working hypothesis the
analysis of the spectra of accelerations, measured on
traction motor housing during running tests on, was
conducted. Frequencies were identified which cor-
related with the rotor speed of the traction motor.

To transmit rotation from the traction motor rotor
to the gearbox in traction drives of class Il cardan
traction clutches are used consisting of two semi-
clutches and cardan torsion shatft.

In the considered traction drive traction clutch is
applied consisting of a torsion shaft, on the ends of
which there are a gear semi-clutch and a laminose
rubber-cord semi-clutch [8-10].

A study on the probability of occurrence of peri-
odic disturbances during operation of this clutch,
taking into account gyroscopic moments, occurring
when it is rotating, was conducted [6].

Research of mode of electric locomotive accel-
eration at which the clutch spins at from 0 to 2000 rpm
showed that at a clutch speed of 1000 rpm (corre-
sponding to the speed of an electric locomotive of
100-110 km/h) rubber-cord laminose semi-clutch
loses stability. At the same time rubber-cord plates
change shape, because of which, as the operation
data show, stretching of plates and fasteners occurs

Pic. 2. Reaction forces in support units of the traction
motor mounts to the bogie frame.

(«casing shell buckling»). In fact, clutch imbalance
occurs, and there are periodic perturbations transmit-
ted to the housing [11- 13].

Conclusion. As a result of the study the following
causes of destruction of support mounts of traction
motors of passenger electric locomotive with a sec-
ond class of traction drive were revealed:

— scheme of traction motor suspension to the
bogie frame is statically indeterminate because of the
embodiment of fasteners;

— if electric locomotives are operated at a
speed exceeding 100-110 km/h, then the relation-
ship between traction clutch drive and rubber-cord
semi-clutch is unbalanced, and this factor creates
periodic disturbance, causing vibrations of the
traction motor, and facilitating weakening of fas-
tenings.
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Pic. 4. Frequency response of vertical accelerations at points of the traction motor fastening to the bogie frame:
a) standard fastening; b) engine mounting using sliding cylindrical support on the end beam of the bogie frame.
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