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Bexrtop popMmbl KosiebaHM it 0OBIYHO Mac-
LITAOMPYETCS 151 KaXKIOU MOJIbI, YTOOBI BbI-
MOJIHSJIOCH YCJIOBUE
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mosToMy (opMbl KojebaHUil, HATpUMED,
Ha puc. 4, TIPEICTABIISIIOTCS] BOTHOCUTEIBHBIX
€IMHUIIAX ¥ ITOKAa3bIBAIOT TOJILKO COOTHOIIIE-
HUE MEXIY MepeMeIIeHUIMHU Pa3sIMIHBIX
4acTell CUCTEMBI.

Bce pacyeTsl BBITOTHSIIACH C MCTIOJB30-
BaHUEM KOHEYHO-3JIEMEHTHOM MOJIEH, T0-
CTPOEHHOU MO TeOMEeTPUIECKON MOIesun
(puc. 1) B pacueTHOoM makeTte «Patran-
Nastran».

Ha puc. 4 u 5 mokazaHbl OCHOBHBIE (DOPMBI
KoJiebanumii ¢ yacroramu 50,4 iy u 63 i1, Hau-
bosiee OJM3KUX K (popMaM KosiebaHUt, KOTO-

phie BO3OYXKIAINCH B SKcriepuMenTe. Ha pu-
CYHKaxX BUIHBI geGopMallii KPOHIITEHHOB
B YBEJTMUEHHOM MacIITade, 4eM ITOATBEPKIA-
JOTCS KOJIEOAHWS IBUTATENIEN B OKCITEPUMEHTE
3a cuet AedopMalnii KpOHIITEHHOB 1 MIPUJIe-
ralolInX YYACTKOB PaMBbI TEJIEKKHA.

it cpaBHEHUS B Tabynie 1 puBeIeHb
3HAYEHUs] PACUETHBIX ¥ 9KCITEPUMEHTATBHBIX
JacTOT.

Kax BUIHO 13 TAGIUIIBI, SKCIIEPUMEHTAITb-
HBIE ¥ PACUYETHBIE 3HAYEHMS YaCTOT OTIIMYA-
[0TCd He 0oJjiee yeM Ha 6%. DTO 1O3BOJISIET
3aKJTIOYNTE, YTO TIOCTPOEHHAS KOHEYHO-3JIe-
MEHTHasI MOJIEJTb He TIPOTUBOPEUNT IKCITEPH-
MEHTAJIBHBIM JAHHBIM 1 €€ MOXKHO TIPUMEHATh
MIPY pelIeHNH IMHAMUYECKIX 3a1ay.
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ABSTRACT

The article describes development of finite element model
which doesn’t contradict real unit and is intended for
dynamic computation of traction engines oflocomotives.
The article argues in favor of use of the method of finite
elements because it allows reflecting elastic, inertial and
dissipative features of dynamic systems. The approaches
towards simulation of the bogie with the account for
springing, traction engines, braking cylinders atthe edges
of the frame are substantiated. The described model of
«frame bogie — traction engines» is verified for conformity
with experimental data.

ENGLISH SUMMARY

Background. Modern electric locomotives, capable
to achieve high speed, use two-axle bogies with
welded frames. The welded bogies are more elastic
as compared to cast bogies. Positioning of massive
elements of traction gear, like traction engines, gear,
engine-gear units, on the welded bogies makes it
necessary to consider a bogie as elastic structure,
functioning as elastic support base for the elements
of traction geatr.

Objective. In order to neutralize possible vibrations of
the elements of gear on an elastic base itis necessary
to study dynamic features of such systems. It is also
necessary to develop method of computer-aided
simulation that permits to optimize frame design in
order to achieve the required strength and to minimize
the use of materials.

Methods. As the total weight of traction engines

and gears exceeds or is equal to frame weight, it
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is necessary to account for elastic and dissipative
features of the frame, considered as distributed
system, and in some case for the mentioned features
of gear elements as well.

During the study of dynamic features and especially
during computation of own frequencies and vibration
forms of similar systems it is necessary to apply
methods of the theory of elasticity, which are realized
within the method of finite elements and in software.
This method allows taking into account of inertial and
dissipative features of dynamic systems and their
spatial distribution.

Results. Vibration equations for similar systems are
generally described by matrix (1), where

[M],[B],[K] are respectively matrix of weight,
dissipation and rigidity of the system, {ii},{u},{u}

are vectors of acceleration, velocity, displacement of
finite elements of a system; {P},{ N} are vectors of

external forces and non-linear elements.

The study of dynamic systems supposes solution of
a set of problems, comprising determining of proper
frequencies, figures, vectors, oscillation forms of
a dynamic system (as well as of internal features,
structures, possible resonance frequencies).

As one can see, the above mentioned equation
is necessary to plot characteristics of weight,
dissipation, and rigidity. It can be done on the basis
of technical specification, or experimentally, if a
prototype of studied system exists.

In real practices in order to reduce the volume of the
problem it is necessary to optimize the dimension of



a system under the study. In the described case it is
necessary to create a computed model of a system
intended for a study of joint oscillations of traction
engines and of a bogie frame. If the problem is
stated in such a manner, we need to consider main
elements of a system and the elements, which are
not considered therefore, are to be plotted through
limiting conditions, determined by character and kind
of reactive forces of the elements of a more complex
system interacting with the system under the study.
The system «bogie frame — traction engines’ interacts
with wheelsets by box springing and with the body
by central springing. Threshold conditions can be
plotted as rigid mounting of the frame in the places of
location of the springs, or it can be simulated through
simulation of springing.

Proper frequency of flexural mode of bogie’s
oscillations can be computed according to Rayleigh

law [1](ifI=2,85m; m=2214kg; [=2,45 « 10-'m;
E=2-10”£2) and then to determine equivalent
M

rigidity of the frame by the same formulae (2):

’EJ
f1‘=0,498ﬂ' W (2)

Computation of equivalent rigidity of a frame for
oscillation frequency equalto f, =28,656 Hz has shown

that the rigidity of the frame has the same order of
magnitude that the total rigidity of box springing, that
is why it should be considered in computed model.
Pic.1 shows geometrical computed model of a
frame of the bogie of electric locomotive EP10 with
springing, traction engines and braking cylinders
which also should be considered, as they can
influence the values of own frequencies and character
of vibration form of the frame.

Experimental data necessary for verification of the
computed model were taken from testing protocols
of electric locomotives EP10( held by VEINI and MIIT).
Own frequencies of vibration of traction engine on
the elements of bogie frame were actuated by blows
in vertical and lateral direction relatively to the axle
of the track. The frequencies were determined by
processing recordings of accelerations and tensions
in big mounting bracket of traction engine as well as
by processing data on starting and braking modes.
Experimental data concerning actuation of the
vibrations caused by blows into the body of the frame
are shown in pic.2 and explained in the text.

The pic.3 shows fragments of recordings of torsion
moment at the body of traction engine during

locomotive starting and its movement with permanent
speed, that are explained in the text.

As the result of processing of experimental data
the researcher determined frequencies of joint
oscillations of traction engine and bogie frame which
are in the range of 49-63 Hz (depending on actuated
form of vibration). Oscillations of traction gear have
frequency of 10-11 Hz, and oscillations of traction
engine together with bogie frame, caused by track
irregularities, have 36-39 Hz frequency (depending
on conditions of engine mounting at the bogie frame).
In order to compute dynamics of forced oscillations
of dynamic systems it is necessary to account
for damping which is determined by a matrix in
abovementioned matrix equation.

Computation of internal friction has not got any well-
defined solution with computing methods [2].

As physical origin of damping is different, dynamic
computation of systems considers for complex
damping, but in order to facilitate calculations all the
kinds of damping are reduced to viscous damping,
calculated with the help of (3).

The computed relative attenuation factor for
oscillations of traction gear is equal to 0,1 (0,07 for
traction engine).

To identify computed dynamic models with real
objects itis sufficient at the first stage to compare their
own frequencies following main forms of oscillation.
It is known that proper frequencies are functions
of main parameters of dynamic system which are
weight and rigidity. That’s why it is reasonable to
suppose that if computed and experimental data on
own frequencies coincide, then the proposed model
doesn’t contradict the reality.

To compute proper frequencies of the model the
researcher solved a system of matrix equations based
on previously mentioned equations (4) and (5).

The calculations were executed with the help of finite
elements model, built according to geometrical model
(pic. 1) within software package «Patran-Nastran».
Pic. 4 and 5 show main forms of oscillation with 50,4
Hz and 63 Hz frequency which are closest to the forms
of oscillations actuated during the experiment. The
pictures show enlarged deformations of mounting
brackets.

The table 1 contains values of computed and
experimental data.

As the values in the table prove, experimental and
computed values of frequencies differ by 6% at
most.

Conclusions. The finite elements model developed
by the author can be used to solve dynamic problems.

Key words: locomotive, railway, model, system «bogie frame — traction gear», finite element method, forms

of oscillation, amplitude spectrum of accelerations.
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