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Introduction
The quest for higher use of traction 

and power locomotives and the associated 
increased susceptibility to their locomotive 
wheel slip determines the need for various 
means to increase the coefficient of adhesion 
of the locomotive wheels and rails. The most 
common method of increasing the adhesion is 
to use quartz sand or similar mineral hardness 
of other materials. This method, along with the 
undeniable advantages (high efficiency, usability 
relatively low cost) has obvious drawbacks 
(fouling ballast, increased wear of wheels and 
rails, the increase in the resistance movement).

The work of scientists [1, 2] proved that, with 
the traction point of view, the best result is obtained 
when applying one layer of sand with a certain 
distance between the grains. Currently, when 
applying sand of locomotive on the rails is formed 
hill. At speeds up to 40 km/h there is excess supply 
of sand in the area of contact of the wheels with 
the rails, predetermining the major costs of it use.

Purpose
To achieve the desired distribution of the sand 

on the rail surface is invited to make a preliminary 
electrization abrasive air stream before feeding it 

directly into contact. According to the analysis 
of scientific literature [3, 4], there are several 
ways to charge transfer solid fine particles. 
The most acceptable to sand system of the 
locomotive is static electrization (the electrostatic 
and tribostatic charge of abrasive particles).

Main part
Developed of sand system (Fig. 1) based 

on grains of electrostatic charge in which the 
speed and the amount of sand supplied to the 
contact, depends on the speed of movement of 
the locomotive. Monitoring the performance 
of the sand system of locomotive implemented  
block of measuring and recording, mounted in 
front of the nozzle of the sandbox. By passing 
an electric current from the power source 6 
to the central conductor 4 creates concentric 
magnetic field between the central conductor 4 
and the electrode 5 arranged in the pipe 3 before 
the nozzle 1. The sand gets static charge when 
moving through the pipe 3. Sand of static charge 
flies receiver 10 made of copper in the form of 
a ring. Measuring voltmeter 11 connected to the 
receiver 10 reacts to static charge grains which 
moves inside the receiver 10. The control system 
9, connected to the measuring voltmeter 11, is 
governed by multi-position electro-valve 7 with 
the speedometers 8 (the higher the speed of the 
locomotive, the greater the inner diameter of 
the pipe 3 for summing up the sand, and higher 
performance of the sand system of locomotive).

Behind the injector 1 a necessary amount of sand 
moves through conduit 15 where the electrodes 
13 and 14 create a strong electric field, which is 
regulated by a power source 12, depending on the 
speed of movement of the locomotive, and re-
charges the sand. Under the influence of electrical 
forces the abrasive particulate material (sand), is 
scattered in one layer. After that, the sand is fixed 
on the rail due to adhesive forces. Electrical-
erosion of damage of the surface layer of pollution 
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on the rail 16 occurs in the interaction of particles 
of sand with the rail [5]. In this connection, in 

The quantity required voltage supplied 
to the electrodes 13, 14 depending on the 
speed of movement of the locomotive, for the 
distribution of sand particles with a distance 
between particles, which equal to the radii of 
the three grains is determined based on system 
simulation «nozzle of sand system - rail» (Fig. 2).

The developed simulation model based on 
the particle method [6, 7]. Along with the finite 
element method, boundary elements, etc., the 
method of particle is a sampling techniques. 
In this case, we are considering the motion of 
each particle. Status of the physical system is 
determined by the attributes of the final ensemble 
of particles, and the evolution of the system - 
the interaction between the particles and the 
environment. An important feature of the method 
is the possibility of taking into account the impact 
of a large number of different factors in nature.

To describe the two-phase flow (solid particles 
in a gaseous medium) used discrete trajectory 
approach (Euler-Lagrange). This is dictated by the 
choice of particle methods to create a simulation 
model, and the fact that such an approach is used for 
modeling of two-phase flows with the solid phase. 

Consider the movement of particles through 
a pipeline under the action of the carrier air 
stream. At the inlet conduit randomly (in time 
and in the cross section) particles appear. The 
equation of motion of each particle has the form:

( )
3

, ,
6

p i
ð pi

i

d dv F r
d

π
ρ τ

τ
=∑

where ρρ  - density of particle material;      
pd - diameter of particle;  iν −  the projection of the 

particle velocity;  ( ),piF r τ −
 
the external forces 

Fig. 1 – The scheme of sand system of locomotive, based on the electrostatic charging 
of sand

Fig. 2 – Diagram of the forces in the system of the 
«nozzle of sand system - rail»

(1)

increased adhesive properties of the rail 16, 
improved adhesion characteristics of the 
locomotive
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acting on a particle; pr −  coordinate of particle;  
τ −  the time.

The aerodynamic drag force acts on the grain 
of sand In the pipeline, the cause of which is the 
difference of the gas velocity and the velocity of the 
moving particles in it. The action of this force leads 
to an acceleration and deceleration of the particles:

( )2

,
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where DC −  aerodynamic drag coefficient of 
the particle;  ρ −  density of the gas;  U −



 the 
projection of gas velocity.

Along with the force of the aerodynamic drag  

AF


 force of gravity gF
   is one of the most important 

security factors determining the particle dynamics.
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The heterogeneity of profile averaged velocity 
of the carrier gas is described Sefmena force 

SF
 . In this case the difference of the relative 

velocity of the particle with different side 
leads to a pressure overfall. Particle motion is 
carried out towards the pressure drop (Fig. 2).
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where  ν −  kinematic viscosity;  
Sk −  coefficient 

equal to 1.61.
The gas dragging by rotating particles, when 

driving in the gas stream. As a result, on the 
side where the gas flow around the elements 
and the direction of rotation are the same, the 
pressure is reduced compared to an area where 
these directions are opposite. Thus, the particle 
will move towards the lower pressure. The 
magnitude of the force acting on the particle 
at it rotates described Magnus force MF

 :
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where  (Re)Ìk −  

coefficient variable depending 
on the Reynolds number;  W −



 portable velocity 
of relative flow; pω −  particles rotational speed.

In the charger on the particle additionally acts 
electrical force:

- electric force due to accelerated electric field:
      

 
1 ( ),eF qE x=

    
where −q  electric charge; −E  field intensity; 
- electric force due to the polarization of particles:
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where 0ε −  the electric constant;  ε −  the 
dielectric constant; 

- electric force due to the interaction of charged 
particles:
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where −L  the distance between the particles.
At the exit of the nozzle on the sand acts the 

force  of air resistance against possible side wind 

1AF
  and air resistance forces  from the movement 

of the locomotive  
2AF



 
(examined the movement 

of the locomotive until speed 10 km / h).
Based on the developed simulation model 

created by the particle motion program on the 
pipeline, their electrical charge and interact with 
the rail surface. Found the effect of stress on the 
charge of grains of sand, the radius and angle of 
the filling sand (Fig. 3, 4). The graphs 3, 4 shows 
that for the desired distribution of the sand on the 
contact patch and his savings of the supply voltage 
must be 450 V, and the electric charge is equal to 
1,502 • 10-11 C.

Fig. 3 – Dependence of angle α spilling sand and 
the speed V from the applied voltage U

(2)

(3)

(6)

(7)

(8)

(4)

(5)

,

,
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To estimate the radius of the wastage of sand 
necessary to determine the contact area 

depending on the rolling stock, the type of wheel 
pairs and the vertical load on the wheelset on the 
rails. It is proposed to use the calculation method 
of the contact area, developed by colleagues 
at the Department of transport and handling 
machines of the University of Žilina [8]. To 
begin with, we calculate the moduli of shear 
elasticity for wheel and rail materials [9, 11]:
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where 1G , 2G  – moduli of shear elasticity, 1E , 

2E  – moduli of elasticity, 1y , 2y  – Poisson’s ratios,
The contact area assembled from 

strips and normal stress above the strips 
is calculated with the Strip method.

The output parameters from the Strip method 
[10] that come into the modified procedure are:

N – number of strips, iy – centre of i-th strip 
coordinate, 

dy – half-length of the strips,  
dix – 

half-length of the i-th strip, oip – normal stress in 
the middle of i-th strip, 

NSA  – area of all strips.
We used the modified “FASTSTRIP” method for 

the tangential stresses computation. Figure 5 shows 
the program dialog with graphical output of results.

Fig. 5 – Plot of AreaNORM and AreaFASTSTRIP 
against wheelset treads profiles lateral movement

We use this method for computation of the 
stresses in the non-elliptic contact patch area. 
Before the computation, it is needed to compute 
or find out the virtual ellipse parameters:

Slips ,  x ys s  and spin ψ are calculated from the 
geometrical relations.

For constants 11 22 23, ,C C C  determination, the 
imaginary elliptical contact patch with the b semi-
axis:

      

  

1
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N
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the α semi-axis:

     
NSAa
bπ

=
⋅  

and with the ellipse centre coordinate oy :
  

1
2

N
o
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will be used.
For the semi axes proportion the following 

relation is valid:
      

  

bD
a

=

    

We will set 11 22 23, ,C C C  constants for the 
given D parameter and n friction coefficient.

For 1 2 3, ,C C C  constants the following relations 
are valid:

Fig. 4 – The dependence of the radius r spilling 
sand from the applied voltage U and the electric 

charge q

(9)

(10)

(11)

(12)

(13)
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1 11 2 22 3 23
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32 32
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We determine the number of splitting 
up the strips in the longitudinal direction:

  
(8 )xn Int a= ⋅

   

The tangential forces ,  x yT T  and the spin 

moment zM  are set to be zero at the beginning.
The mathematical computational algorithm is 

schematically depicted in the flow chart in Fig. 6.

Fig. 6 – Flow chart of the procedure

Evaluating the effectiveness of supply 
electrified sand in the contact «wheel  - rail» carried 
out on an experimental test bench installation [12, 
13, 14]. Investigations were carried out on wet or 
oiled rails. Fig. 5 shows the dependence of the 
friction coefficient on the temperature at oiled 
rails. The processing results of the experiments 
established that at the supply of the charged sand 
in the contact - friction coefficient increased by 
19% and 25% for wet and oiled rails respectively.

а)

b)
Fig. 5 – Experimental dependence of the friction 

coefficient of the temperature on the oiled rails
a - without electrifying sand; b - with electrifying sand

Conclusion
The sand systems used do not provide the 

required amount of sand in a contact to achieve 
high coupling characteristcs of the engine that 
reduces the efficiency of these systems and leads 
to excessive consumption of sand. Increased 
amount of abrasive granular material in the 
contact zone of the wheel with the rails reduces 
the coefficient of the wheel coupling with the 
rail. The amount of sand fed into contact with 
the rail wheels must be adjusted depending on 
the amount of moisture or contamination of the 
rails surface and the speed of the locomotive. In 
their works [1, 12] showed that to provide high 
traction properties of the locomotive a certain 
amount of sand with its distribution along its 

(14)

(15)

.

.
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raceway in a single layer should be applied to the 
wheel when it contacts with the rail. To achieve 
the distribution of abrasive material in a single 
layer it is proposed to electrify it before applying 
it to the wheel when it contacts with the rail.

The quantity required voltage supplied to the 
electrodes depending on the speed of movement 
of the locomotive, for the distribution of sand 
particles with a distance between particles, 
which equal to the radii of the three grains is 
determined based on system simulation «nozzle 
of sand system - rail». To estimate the radius of 
the wastage of sand necessary to determine the 
contact area depending on the rolling stock, the 
type of wheel pairs and the vertical load on the 
wheelset on the rails. It is proposed to use the 
calculation method of the contact area, developed 
by colleagues at the Department of transport and 
handling machines of the University of Žilina 
[8]. “FASTSTRIP” method is adapted for a non-
elliptical contact area calculated by means of 
the Strip method [10]. This method utilizes the 
FASTSIM theory [11] as a calculation engine 
for tangential stress assessment. The calculation 
procedure is outlined in Fig. 2 in which a 
flowchart with two program loops is illustrated.

Pre-electrization abrasive-air mixture supplied 
to the wheels with the rails tribocontact allows:

- Efficient use of loose material;
- Improving the adhesion of the locomotive, 

due to the location of sand in one layer with a 
certain distance between the particles on track of 
rolling wheels and rails;

- Environmental efficiency achieved at the 
expense volume reduction of milled particles of 
sand;

- Reducing the intensity of wear systems 
«wheel-rail»;

- Reducing the resistance movement of trains;
- Reducing the expense of sand
- increase the coefficient of adhesion by 19%, 

25% for oiled and wet rails, respectively.
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 Інженери Ю.В. Браславець, О.П. Коломієць, 
С.В. Кара, П.А. Шевчук 

ВІДНОВЛЕННЯ ТА МОДЕРНІЗАЦІЯ УШКОД-
ЖЕНИХ НЕСУЧИХ КОНСТРУКЦІЙ  ЕЛЕКТРО-
ВОЗА ВЛ82М №067

Ключові слова: електровоз ВЛ82М, екіпаж, 
рама електровоза, модернізація, ремонт, ви-
пробування.

Вступ та постановка проблеми
Двосистемний восьмивісний електровоз 

ВЛ82М №067 філії «Південна залізниця» 
ПАТ «Укрзалізниця» зазнав значних ушкод-
жень в результаті зіткнення з вантажним ав-
томобілем на переїзді. Пошкоджень зазнали 
кабіна та рама кузова електровоза. З метою 
забезпечення обсягів перевезень з урахуван-
ням безпеки руху було ініційовано проведен-
ня комплексної науково-дослідної роботи, в 
рамках якої для відновлення та модернізації 
ушкоджених несучих конструкцій електро-
воза були поставлені наступні задачі: 1. до-
слідження напружено-деформованого стану 

несучих конструкцій та розробка проекту ре-
монту та модернізації; 2. проведення робіт з 
ремонту та модернізації; 3. проведення ви-
пробувань щодо відповідності ремонту та мо-
дернізації електровоза показникам безпеки. 

Основна частина
Дослідження напружено-деформованого 

стану несучих конструкцій та розробка проекту 
ремонту та модернізації. Пошкоджений елек-
тровоз ВЛ82М №067 представлено на рисунку 
1. Після експертного огляду несучих конструк-
цій електровоза у відповідності [1 – 8] було 
прийнято рішення щодо можливості віднов-
лення електровозу для його подальшої роботи.

На підставі розроблених спеціалістами 
філії «НДКТІ» ПАТ «Укрзалізниця» пропо-
зицій щодо відновлення рами кузова елек-
тровозу для усунення наслідків пошкод-
жень було виконано ряд відповідних робіт 
за проектом модернізації (відновлення):

1. Відновлення рами кузова шляхом поєд-
нання до неї нової передньої частини з вико-
ристанням підсилюючих елементів в місцях 
зварних з’єднань;

2. Заміна лобової частини рами кузова елек-
тровоза;

Модернізація та ремонт


	1-3 стр 02.12.16
	№5.6 01.11.16+

