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Pendulum suspension, used on electric locomotives VL-80s, is designed to mitigate the
impacts that fall on the traction electric motor when the wheelset moves along path irregularities
and when starting from the place, as well as to compensate for changes in the mutual position of the
electric motor and the bogie frame during movement.

We have proposed the modernization of the pendulum suspension for electric locomotives
with axial suspension of a traction electric engine, for example, VVL-80s, the novelty of the technical
solution of which is protected by the Patent of the Republic of Uzbekistan for Invention No. IAP
04427 [1]. The purpose of our invention [1] in comparison with the existing ones [2,3,4,5] is to
improve reliability. The traction motor mounting to the frame of the railway rolling stock bogie with
axle suspension is different in that, in order to improve reliability, ball bearings are installed between
the brackets of the traction motor and the base plates, and a lubrication reservoir with stop valves in
contact with the ball bearings is installed between the base plates.

This article presents an algorithm developed for a mathematical model compiled in order to
improve the methodology for calculating the rational dimensions of the parts of the modernized
pendulum support of traction electric motors NB-418K6 to the frame of the trolley for the electric
locomotive VL-80s. Numerical calculation is performed on a computer using MATHCAD 15.

The algorithm for the improved method of calculating the rational dimensions of the parts of
the upgraded support of traction electric motors NB-418K®6 to the frame of the trolley for the electric
locomotive VL-80s, consists of five stages.

Stage 1 of the algorithm. Input of source data.
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Parameters for pendulum suspension of traction electric motor support NB-418KG6 to trolley
frame for electric locomotive VL-80s [1], which are presented in the form of Table 1, were taken
for numerical calculations.

Initial data for calculation of pendulum suspension of traction electric motor support
NB-418K6 for electric locomotive VL-80s

Table 1.
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According to the scheme of support-axial suspension of traction electric motors of the NB-
418KG6 electric locomotive VL-80s and the design scheme of the pendulum suspension, rational
dimensions were selected for numerical calculations. In this case, the 2Pg; - the load from the axle

on the rail, was taken for the electric locomotive VL-80s according to the data 2Pg; = SE98

230.3 kN, where the design weight of the electric locomotive VL-80s is G;=188 t and the number
of sections Ny = 2, while the number of trolleys on each electric locomotive is N = 2 [3,4,5]. Zy -
the amplitude of the rail irregularity varied Z, = 0,001...0,005 m; ¢4 - length of rail track
irregularity varied £ = 1... 3 m; m, = 1426 kg - weight of traction motor armature (assembled) [5];
my = 3200 kg - weight of engine housing [4,5]; I,- moment of inertia of TEM anchor varies I, =
60,70,80,90 kg'm?,

Stage 2 of the algorithm. Calculation of basic and additional static and dynamic loads.

For calculation of dynamic force factors acting on elements of pendulum suspension of
electric traction motor of electric locomotive, all necessary parameters are set, except for rigidity of
shock absorber of traction motor suspension (Figure 1).
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Figure 1. Design scheme of the system “railway track — wheelset — traction transmission —
traction electric motor — supports — cross (pivot) beam of the trolley frame” with axial suspension

In the accepted design scheme (figure 1) [2,3], the shock absorber of the pendulum suspension
of the traction motor of the electric locomotive is the only elastic element, and its parameters largely
determine the course of the oscillatory process. Stiffness G and inelastic resistance of 8 rubber
elements depend on rubber grade, ambient temperature and shock absorber design.

The dynamic loads arising in the traction transmission of the electric locomotive VL-80s are
determined: the traction moment A/ and the dynamic inertial moment M, are calculated, as well as
the total dynamic moment, which consists of the constant traction moment My and the cyclically
changing inertial momenta M, i.e.

M= M+ M, . (1)

Calculation of static and dynamic load, which are taken by rubber washers (discs) of rubber-
metal shock absorber of pendulum suspension of traction electric motor support: PT% - weight of

traction electric motor half, reaction of traction moment of Py and preliminary tension of Pp, as well
as design traction force F; is calculated - it is taken as maximum from the condition of restriction
on adhesion in the form of formula

Fr =2l = (0,28 + ———0.0006 V) 2l , @)

where - V - speed, km/h. At the moment of touching, V = 0 and
Y = 0,36 have

Fr =y2lg = 0,36 - 2Mgy. (3)
In this case, the height of the rubber washer in a free state is taken within h, = 0,06 ...0,09
m.
Stage 3 of the algorithm. Determination of dimensions of washers of rubber-metal shock
absorber of pendulum suspension of traction electric motor.
In order to ensure the strength of rubber washers, the condition must be met
oy < [o], 4)

or expanded

_Aholhir 103
€ Gaho—ahi)? <(3..5)-10°, kPa. (5)

If this condition is not met, it is necessary to reduce the pre-tensioning of the Pp or increase
the outer diameter of the washers within the permissible limits.

Stage 4 of the algorithm. Calculation of amplitude-frequency characteristic of traction
transmission as a dynamic system.

O'”:E
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Equivalent moment of inertia of traction transmission of Igky, kg'm is calculated; there is a
cyclic frequency of natural oscillations of the housing k and a relative damping coefficient of the
shock absorber 2n.

Further, the amplitude-frequency characteristic (AFCh) of the angular oscillations of the
engine is built and the maximum dynamic load arising in the gearing of the traction transmission of
the F, is calculated; value of additional dynamic load arising on engine suspension (TEM) at E,,
resonance is determined.

Stage 5 of the algorithm. Calculation of rational dimensions of the parts of the upgraded
support of traction electric motors NB-418K®6 to the frame of the trolley for the electric locomotive
VL-80s.

As a result of numerical studies based on a mathematical model compiled in order to improve
the methodology for calculating the rational dimensions of the parts of the modernized support of
traction electric motors NB-418K6 to the frame of the trolley for the electric locomotive VL-80s,
the following generalizing conclusions can be drawn:

1. According to Figure 2, it is obvious that with an increase in the speed of the electric
locomotive Vg = 50, ... 110 km/h, the amplitude of vibrations of the axle of the wheelset Zy (V)
decreases.

2. Dimensions of the rubber washer cross-section of the rubber-metal shock absorber of the
TED support suspension are determined based on the strength condition, that is, the effective voltage
should not exceed the permissible one, which is [¢] = (3...5) 103 kPa.

3. Maximum amplitude of dynamic load arising in gear engagement of traction gear
F,; depends on amplitude and frequency of oscillation of engine housing.
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Figure 1. Graph of change in amplitude of vertical oscillations of electric locomotive wheel
pair at passage of railway track with rail irregularity Z, at change of speed
Vg =50,...110 km/h.

4. If the frequency of forced oscillations coincides with the frequency of natural oscillations,
resonance occurs. However, the amplitude of forced oscillations due to the action of viscous
resistance in the rubber-metal shock absorber of the traction electric motor suspension has a
maximum not at resonance, but at a value of m<k.
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5. In the design simplified scheme with one degree of freedom, the amplitude-frequency
characteristic (AFCh) has one maximum, the real system of such maxima has several: in the area of
lower frequencies, the amplitude increases due to vibrations of the trolley, vibrations appear in the
area of high frequencies associated with the large, but not infinite rigidity of other transmission
elements, in particular the armature shaft and gear gear teeth.

References

l.erHJ'ICHI/IC TATOBOI'O  DJICKTPOABHUIATCIIA K paM€ TCEICKKH IKCIC3HOAOPOXKHOIO
MOJIBFKHOTO COCTaBa IMPU OMOPHO-OCEBOM MOABeIIMBaHUH. / ABTOpbI: XpoMoBa [".A., XymxaHOB
3.H., Pacynos HI.Jl. Ilatent PecnyOmmku Y30ekuctan Ha uzooperenne Ne [AP 04427 or
15.09.2011 r.

2.Simon lwnicki. Handbook of Railway Vehicle Dynamics.2006. Taylor & Francis Group. -
527 p.

3. Mexanun4deckas yacTb noaBmxHoro coctana. / [Tox pen. 1.C. buprokosa, A.H. CaBocbkuHa
u ap. M.: Tpancnopr, 1992. — 440 c.

4.Jlnunamuka mokoMoTuBoB /M. A. M6parumos, B.U. Kucenes , B. A. Pamnos, A.B. CkanuH:
Vu. moc.-M.: PI'OTVYIIC, 2005.- 128 c.

5.BonkoB M.B. Mexanuueckas 4acTh SJEKTPHUUECKOrO MOJBHXKHOTO COCTaBa: yuyeOHOE
nocobue / U.B. Bonkog, FO.I1. Bynasun, B.I'. Py6an u np. — Pocros Ha [Jony: PI'VIIC, 2007. — 92
C.

6. Khromova G.A., Kamalov I.S., Mukhsimova D.Z. Determination of dynamic loads arising
in the traction transmission of an electric locomotive // «Eurasian Journal of Academic Research»:
International scientific. journal (ISSN: 2181-2020), Volume 2 Issue 12, November 2022, p. 1007-
1111. https://doi.org/10.5281/zenodo.7386533

7. Khromova G.A., Kamalov 1.S., Mukhsimova D.Z. Methods for determining the stiffness of
a rubber-metallic shock absorber of a pendulum suspension of a traction electric motor of an electric
locomotive. // Eurasian Journal of Academic Research, Volume 3 Issue 2, Part 2, February 2023,
pp.124-128. ISSN 2881-2020. https://www.doi.org/10.37547/ejar-v03-i102-p2-67

8. Khromova G.A., Kamalov 1.S., Mukhsimova D.Z. VL-80s elektrovoz elektr tortuv motori
uchun aravachacha ramasiga tayanchlarini takomillashtirishni algoritmi ishlab chigarish. // Eurasian
Journal of Academic Research, Volume 3 Issue 11, Part 2, November 2023, pp.7-11. ISSN 2881-
2020. https://doi.org/10.5281/zen0d0.10075251

201 Co6opnuk koH(pepeHnuu — Pecypcocbeperarommue TexXHOI0ruil Ha Tpancnopre, 2023



