Assessment of the influence of external dynamic factors
on force loading of anchor bandage of traction electric
motors

Oleg Ablyalimov', Nikolay Julenev?, Mohamad Ziad Saghir?

1:2Department of Locomotives and Locomotive Economy, Tashkent State Transport University,

Tashkent, Uzbekistan

3Department of Mechanical and Industrial Engineering, Toronto Metropolitan University, Toronto, Canada
!Corresponding author

E-mail: 'o.ablyalimov@gmail.com, *Zulenevnikolay@gmail.com, 3zsaghir@torontomu.ca

Received 4 September 2025; accepted 19 November 2025; published online 22 December 2025 W) Check for updates
DOI https://doi.org/10.21595/vp.2025.25352

74th International Conference on Vibroengineering in Tashkent, Uzbekistan, November 27-29, 2025

Copyright © 2025 Oleg Ablyalimov, et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract. A methodology has been proposed for calculating the force loading of anchor bandages
of locomotive traction electric motors from the action of external dynamic factors, which makes
it possible to determine dynamic stresses in each section of the anchor bandage along its entire
length, depending on the operating modes of the traction electric motor, taking into account its
design features and real operating conditions. It has been established that the most significant
influence on the fluctuations of the armature shaft of traction electric motors of diesel locomotives
is exerted by dynamic influences from the collision of wheels with joints and unevenness of the
rail track, as well as from errors in the manufacture of the serrated broadcast (gears). The supposed
economic effect from the creation of new glass bandage designs for the anchors of traction electric
motors of diesel locomotives of the 2TE10M series is estimated at approximately 10.92 million
soums for one such diesel locomotive. It is recommended to continue these studies in order to
develop and justify rational geometric parameters of a new design of the anchor glass bandages
of a traction electric motor with increased fatigue strength.

Keywords: diesel locomotive, traction electric motor, anchor, bandage, dynamic force factor,
traction-energy characteristics.

1. Introduction

The main task of railway transport is to universally meet the needs for the transportation of
goods and passengers on sections of railways of varying complexity.

The efficiency of existing and newly-built locomotives directly depend on the compliance of
their traction and energy characteristics with operating conditions, and this is primarily determined
by the parameters of the traction electric motor, as the most stressed unit of the energy
transmission.

The above puts forward certain requirements for improving the designs of locomotive
components [1-3], including traction electric motors through a higher use of active materials,
taking into account an increase in rotation speed with a corresponding decrease in the specific
mass of these engines, as well as the improvement of the operating locomotive fleet through
factory repairs and modernization of energy-consuming systems, which include traction power
circuits and auxiliary equipment that ensures their trouble-free and uninterrupted operation.

Works [4-13] are devoted to the development of theoretical foundations for design and
methods for calculating the strength of various components of traction electric motors.

An analysis of these works shows that they consider methods for calculating individual
components and parts of wheel-motor units of diesel locomotives, including the bandages for
fastening the frontal parts of the anchors of traction electric motors. However, these methods relate
to the designs of metal bandages and glass tape bandages and do not fully take into account
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operating conditions, taking into account the stress distribution along the length of the bandage.

This article is devoted to theoretical research on the justification of the force loading of anchor
bandages of traction electric motors from the action of external dynamic factors encountered along
in the route of rolling stock. The premise for this was research [14-21] into the study of the power
loading of various units of the locomotive undercarriage.

2. Objects and methods of research

In operation, the traction electric motor armature operates under extremely difficult conditions.
It is subject to bending from the forces of magnetic attraction to the poles, gear reaction from
transmitted torques, gear errors, as well as forces resulting from the interaction of the wheel-motor
units with the rail base. The above force factors also influence the stress state of the anchor shrouds
due to the dynamic addition to the centrifugal forces acting on the masses of the frontal parts and
the shroud itself as a whole.

In order to determine the amplitude and frequency of the dynamic forces acting on the anchor
shroud of traction electric motors of diesel locomotives 2TE10M, we used the data obtained in
works [1, 2], which presented the results of analytical and experimental studies of vibrations of
the armature shaft of these traction electric motors.

These works show that the most significant influence on shaft vibrations is exerted by dynamic
influences from the collision of wheels with joints, unevenness of the rail track and manufacturing
errors in the circumferential pitches of the pinion and gear wheel.

To solve the problem of dynamic loading of the rear anchor bandage, as the most loaded due
to the cantilever of the frontal parts, the following assumptions were made.

1. The bandage is a cylindrical shell rotating at a constant speed with thickness hgz and radius
Rg (and hp/Rp < 1.0). Taking into account the last relation, the moment-free theory [3, 21] is
applicable to such a shell, which is a simplified version of the general moment theory of shell
calculations, in which is neglected the influence of bending and torsional moments, as well
transverse forces on the stress-strain state.

2. The bandage is subject to an external distributed dynamic centrifugal load from the mass of
the bandage and the frontal parts, caused by bending vibrations of the traction electric motor
armature shaft from the interaction of the wheel-motor unit with irregularities and joints of the rail
track and from systematic errors (inaccuracies) in the gear transmission of the traction reducer.

3. The bending rigidity of the frontal parts of the winding is not taken into account in the safety
factor of the bandage.

4. We neglect the resistance to elastic vibrations of the anchor bandage in order to somewhat
simplify the solution of the problem posed by the safety factor of the specified bandage.

5. Steady-state forced vibrations of the anchor bandage are considered.

The design diagram of the bandage in the form of a cylindrical shell with the ratio
hg/Rp < 1.0 in accordance with the above assumptions is shown in Fig. 1.

Fig. 1. Calculation diagram of dynamic force loading of anchor bandage
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The coordinates on the middle surface of the shell are coordinates x; along the generatrix and
arc length x, in the circumferential direction [4]. The displacements of the points of the middle
surface along the coordinate lines x;, x, and along the normal are indicated, respectively, by
uy (8,1, X2); U (8, X1, X2) and uz (¢, xq, x5).

Let us determine the potential energy of shell deformations [22], namely:
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Taking into account relations Eq. (2), the potential energy of the shell, expressed through the
displacement of points on its middle surface, will be written in the form:
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The kinetic energy of the shell is determined by the expression [4]:
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The work of centrifugal forces in accordance with [4] can be written in the form:
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According to Hamilton’s principle, it is necessary to find the stationary value of the functional
for the known conditions imposed on variations according to [4, 23], that is:

ty
[T+V+1]=0. (6)
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3. Results and their discussion

After substituting expressions for kinetic, potential energy and work of centrifugal forces into
Eq. (6), we obtain the following analytical expression for the Lagrange function of the considered
(studied) shell, namely:
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In accordance with the well-known provisions of the calculus of variations [24, 25], the system
of functions uq(t,xq,x5); Uy(t, x1,%,) and uz(t, x4, x,), implementing the principle of least
action, must satisfy the system of partial differential equations (i = 1, 2, 3), that is:

oL + 0 oL N 4] oL
F (%)l X1 [a (%)l Xz [a (%)
at dx, dx,
After substituting the expression for the Lagrange Eq. (7) into Eq. (8), the following system of
shell vibration equations is obtained:
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where z(t, x4, x,) — external dynamic load normal to the surface of the anchor bandage, per unit
surface of the shell.

As explained above, the dynamic load is a centrifugal force caused by bending vibrations of
the armature shaft of a traction electric motor due to the interaction of wheels with irregularities
and joints of the rail track, and systematic errors in the circumferential pitch of the gear reducer.

Therefore, the dependence of the external dynamic load on time and coordinates is taken in
the form:

_ 5 . TMX 1
z(t, x1,X3) = pphpwyesin 2l A;cosw;ts, (10)
B
where ¢ = LB _ coefficient of reduction of the mass of the frontal parts to the anchor

bandages; sin nzllxl — coefficient taking into account the distribution of centrifugal forces along
B

the length of the anchor bandages. This assumption is due to the fact that the frontal parts are
n;xz — coefficient taking into account the distribution of
B

centrifugal forces along the perimeter of the anchor bandage caused by the eccentricity of the
anchor shaft; A; — dynamic deflection of the armature shaft from the action of the i-th disturbing
factor; w; — frequency of forced bending vibrations of the armature shaft under the influence of
the i-th disturbing factor; n, and n, — integers.

The solution to the system of Eq. (9) for forced oscillations, due to their linearity, was obtained
by superposition of solutions for any i-th disturbing factor, each of which was found in the form:
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2 20 ity

u® = uWsi nﬂnlx1 cos fa%? cosw;t

Using Eq. (11), the stress values in the middle surface are determined for each i-th dynamic
force factor:
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The total dynamic stresses are determined by the expressions:
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The prerequisite for the next stage of research was also the unconditional “importance” of the
anchor bandage for traction electric motors operating under difficult conditions and at high speeds,
since reliable fastening of the armature winding with a bandage is critical for preventing premature
emergency failures that occur during the movement of rolling stock.

In addition, despite the fact that the presented research methodology provides a completely
reliable assessment of the parameters of the force loading of the anchor bandages of traction
electric motors from the action of external dynamic factors encountered along the route of the
rolling stock, it should be noted that additional uncertainty estimates and limitations, the data
associated with the numerical study of torsional vibrations of the masses of the wheel-motor unit
of the 2TE10M diesel locomotive, in which the traction electric motor is the central unit, will
make it possible to obtain the dynamics of changes in the amplitudes of torsional vibrations of the
traction electric motor armature shaft under various dynamic loading conditions.

N oo
VIV TN

[

S 0.05 0.1 0.15 01t sec = 1*“’_40 00 0 0L 0.2t sec
Fig. 2. Dynamics of changes in the amplitude Fig. 3. Dynamics of changes in the amplitude of
of torsional vibrations under long-term torsional vibrations under maximum
dynamic loading conditions dynamic loading conditions

Numerical studies were carried out in the MATHCAD 15 programming environment, based
on a dynamic model of torsional vibrations in the wheel-motor unit of a similar diesel locomotive
of the UzTE16M series [26]. To implement the numerical studies, two main dynamic loading
modes were adopted: long-term and maximum loading modes at the rotation frequency of the
traction motor anchor, respectively n = 476 rpm and n = 2290 rpm.

The results of numerical calculations of torsional vibrations in the wheel-motor unit of the
studied 2TE10M diesel locomotive are shown in Fig. 2 and Fig. 3, where the amplitudes of
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torsional vibrations are indicated for the following sections: ¢ (t) — armature shaft; ¢,(t) —
gears; @3(t) —toothed wheels; ¢, (t) — wheelset axles.

An analysis of the results of numerical studies showed that with an increase in the rotation
frequency of the anchor of the ED-118B traction electric motor of the 2TE10M series diesel
locomotive, the amplitude of torsional oscillations of various masses of the studied wheel-motor
unit increases, while the period of their oscillations decreases.

4. Conclusions

Based on the results of the study, the goal of the work was achieved and the following general
conclusions and proposals were formulated:

1) Based on an analysis of existing methods for calculating the strength of bandages for
fastening frontal parts for windings of anchors of electric machines, a method for calculating the
force loading of anchor bandages of locomotive traction electric motors from the action of external
dynamic factors has been developed, taking into account real operating conditions and design
features of the traction electric motor.

2) The proposed methodology for calculating anchor bandages, in contrast to the known ones,
makes it possible to determine dynamic stresses in each section of the anchor bandage along its
entire length, depending on the operating modes of the traction electric motor.

3) The economic effect from the introduction of the proposed (new) design of the glass
bandage for the anchors of traction electric motors of diesel locomotives, obtained by reducing
manufacturing costs and correspondingly increasing the operational reliability of one traction
electric motor of the ED-118B type, will amount to approximately 910 thousand soums.

4) The main direction of research here is the substantiation of rational design parameters of
glass bandages taking into account the conditions of their fatigue strength, based on the analytical
and graphical dependencies obtained by the authors of the articles, by performing calculations
using a computer, as well as the development of a new design of an anchor glass bandage for a
traction electric motor with increased strength and manufacturability, which provides for the use
of standard equipment in its manufacture.
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