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Аннотация: В статье представлен разработанный алгоритм для численных 
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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, VL-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-418K6 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-418K6 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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𝐿, 𝑚 1,18 1,19 1,20 1,21 1,22 

ℓ𝐻 , 𝑚 3,0 2,5 2,0 1,5 1 

𝑍𝐻  , m 0,001 0,0015 0,002 0,0025 0,003 

𝐼𝐾 , kg∙ 𝑚2 2000 2100 2200 2300 2400 
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88 88 88 88 88 
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𝐿𝑚𝑎𝑖𝑛 𝑙𝑖𝑛𝑒, 

m 
0,617 0,604 0,602 0,601 0,594 

𝐼𝑎 , kg∙ 𝑚2 60 70 80 85 90 

𝛽 , 
к𝑁∙𝑠
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According to the scheme of support-axial suspension of traction electric motors of the NB-

418K6 electric locomotive VL-80s and the design scheme of the pendulum suspension, rational 

dimensions were selected for numerical calculations. In this case, the 2𝑃𝑆𝑇  - the load from the axle 

on the rail, was taken for the electric locomotive VL-80s according to the data 2𝑃𝑆𝑇 =
𝐺𝐸∙9,8

8
=  

230.3 kN, where the design weight of the electric locomotive VL-80s is 𝐺𝐸=188 t and the number 

of sections 𝑁𝑠 = 2,  while the number of trolleys on each electric locomotive is 𝑁𝑇 = 2 [3,4,5]. 𝑍𝐻 - 
the amplitude of the rail irregularity varied 𝑍𝐻  = 0,001...0,005 m; ℓ𝐻  - length of rail track 

irregularity varied ℓ𝐻 = 1... 3 m; 𝑚𝑎 = 1426 kg - weight of traction motor armature (assembled) [5]; 

𝑚𝐾 =  3200 kg - weight of engine housing [4,5]; 𝐼𝑎- moment of inertia of TEM anchor varies 𝐼𝑎 = 

60,70,80,90 kg∙m2. 

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 β 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 М and the dynamic inertial moment 𝑀𝐷 are calculated, as well as 

the total dynamic moment, which consists of the constant traction moment 𝑀Т and the cyclically 

changing inertial momenta 𝑀𝐷, i.e. 

𝑀 =  𝑀Т + 𝑀𝐷 .                                                                   (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: 
𝑃𝑇𝐸𝑀

2
 - weight of 

traction electric motor half, reaction of traction moment of 𝑃Т and preliminary tension of 𝑃𝑃, as well 

as design traction force 𝐹𝑇   is calculated - it is taken as maximum from the condition of restriction 

on adhesion in the form of formula 

𝐹𝑇  = 𝜓2П𝑆𝑇 =  (0,28 +
4

50+6 𝑉
− 0.0006 𝑉) 2П𝑆𝑇  ,              (2) 

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

 𝜓 = 0,36 have 

𝐹𝑇  = 𝜓2П𝑆Т = 0,36 ∙ 2П𝑆Т .                                                   (3) 

In this case, the height of the rubber washer in a free state is taken within ℎ0 = 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 

𝜎𝐼𝐼 ≤ [𝜎] ,                                                                                    (4) 

or expanded 

𝜎𝐼𝐼 = 𝐸𝑒
∆ℎ0∆ℎ𝐼𝐼

(∆ℎ0−∆ℎ𝐼𝐼)2
≤ (3 … 5) ∙ 103 , кPа.                                 (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. 

𝒎𝒂, 𝑰𝒂 

𝑮 

𝒎𝒂, 𝑰𝒂 
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Equivalent moment of inertia of traction transmission of 𝐼𝐸𝐾𝑉, 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 𝐹𝑑 is calculated; value of additional dynamic load arising on engine suspension (TEM) at 𝐹𝑛𝑎 

resonance is determined. 

Stage 5 of the algorithm. Calculation of rational dimensions of the parts of the upgraded 

support of traction electric motors NB-418K6 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 𝑽𝑬 = 50, … 110 km/h, the amplitude of vibrations of the axle of the wheelset 𝒁𝟎(𝑽𝑬)  

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 [𝜎] =  (3 … 5) 103 kPa. 

3. Maximum amplitude of dynamic load arising in gear engagement of traction gear 

𝐹𝑑   depends on amplitude and frequency of oscillation of engine housing. 

 

 

 

Figure 1. Graph of change in amplitude of vertical oscillations of electric locomotive wheel 

pair at passage of railway track with rail irregularity 𝑍0  at change of speed 

 𝑉𝐸 = 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 т<к. 
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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. 
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