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Abstract. In this article, the definition of the current density field at current collection was reduced 
only to the calculation of the thermal (resistive) action of the electric current. These procedures 
must include consideration of the bending stiffness of the contact wires to calculate the distribution 
of the pressing force on the contact wire between the current collecting plates. Therefore, it is 
necessary to improve the existing methods for calculating the dynamics of mechanical interaction 
of the current collector with the chain suspension. As a result of computer modeling in the Comsol 
Multiphysics software package, the volumetric power density of resistive heating from the 
intrinsic resistance of the contact wire was determined. 
Keywords: current collector, ceramic metal plates, reliability, electrical equipment of electric 
rolling stock, stresses and strains. 

1. Introduction 

In the transport system of Kazakhstan, the leading and organizing mode of transport is railway 
transport. In the foreseeable future, rail transportation will not be an alternative in terms of 
economic efficiency and environmental safety during transportation of significant stable flows of 
mass cargo delivered over medium and long distances, as well as to ensure passenger 
transportation [1]. 

It is known that the life of the trolley wire depends on a variety of influencing factors, most of 
which determine mainly the average wear of the wire. Only the nature of contact pressure changes 
significantly affects the uneven wear of the contact wire: with a large difference in contact 
pressure, separate zones with increased wear appear on the contact wire. 

The relevance of the theme is due to the fact that an increase in the speed of electric rolling 
stock (ERS) up to 250 km/h, as shown by domestic and foreign experience, significantly worsens 
the dynamic conditions for interaction of the current collector with the contact suspension and, in 
addition, reduces the safety of ERS operation [2]. 

2. Methods 

Caption of Stresses and deformations arising from the force contact of two bodies are called 
contact bodies. When two cylinders of radii 𝑅ଵ and 𝑅ଶ, in contact are compressed, with parallel 
axes loaded with uniformly distributed load of intensity 𝑞 (Fig. 1), the contact area has the form 
of a narrow strip with width 2𝑏. Half width of the contact strip [3]: 
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𝑏 ൌ 1.128ඨ𝜂𝑞𝑅ଵ𝑅ଶ𝑅ଶ േ 𝑅ଵ. (1)

Here the minus sign is taken if the cylinder of radius 𝑅ଵ rests on concave cylindrical surface 
of 𝑅ଵ radius. Maximum pressure at points of contact site axis: 

𝑝଴ ൌ 0.5642ඨ𝑞ሺ𝑅ଶ − 𝑅ଵሻ𝜂𝑅ଵ𝑅ଶ . (2)

By contacting the cylinder of radius 𝑅ଵ and the plane, the highest pressure can be obtained by 
taking 𝑅ଶ ൌ ∞: 

𝑝଴ ൌ 0.5642ඨ 𝑞𝜂𝑅ଵ. (3)

Evaluation of contact stress strength for plastic materials is made using the third or fourth 
strength theory. Equivalent stresses according to the third strength theory: 𝜎௘௤௨௜௩ூூூ ൌ 𝜎ଵ − 𝜎ଷ ൑ ሾ𝜎ሿ, (4)

on the fourth: 

𝜎௘௤௨௜௩ூ௏ ൌ ඨ12 ሾሺ𝜎ଵ − 𝜎ଶሻଶ ൅ ሺ𝜎ଶ − 𝜎ଷሻଶ ൅ ሺ𝜎ଷ − 𝜎ଵሻଶሿ. (5)

 
Fig. 1. Diagram of application of forces at contact of cylinders of different radius 

For strength calculation it is necessary to determine the largest values equivalent stresses. The 
most dangerous point is at some depth under the center of the site. Thus, for the strip contact area, 
the maximum equivalent 𝜎௘௤௨௜௩ூூூ ൌ 0.6𝑝଴ stress will be at 𝑧ଵ ൌ 0.8𝑏, stress 𝑧ଵ ൌ 0.8𝑏, at  𝑧ଵ ൌ 0.76. 

Maximum values of equivalent voltages depend mainly on from the highest pressure 𝑝о. 
Therefore, often strength calculation in places contact is performed by the highest pressure 𝑝о 
along the contact site, comparing it with the corresponding allowable value [𝑝о]. In this case, 
strength condition [4]: 𝜎௘௤௨௜௩ ൌ 𝑚𝑝଴ ൑ ሾ𝜎ሿ  or  𝑝଴ ൑ 1𝑚 ሾ𝜎ሿ ൌ ሾ𝑝଴ሿ, (6)

where 𝑚 – ratio of the highest equivalent stresses according to the corresponding theory of 
strength to pressure 𝑝о.  
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The value of m depends on the ratio of the lengths of the semi-axes 𝑎 and 𝑏 of the elliptic 
contour of the contact site. For example, at ratios 𝑏/𝑎 equal to 1; 0.75; 0.5; 0.25 and 0, values 𝑚 
for the third strength theory, respectively are 0.620; 0.625; 0.649; 0.646 and 0.6. 

3. Results 

In the process of current collection inside the runner and on the section of the contact wire 
directly connected to the runner, a constant change in the distribution of the current density occurs.  

In general, the transient resistance 𝑅்௥௜ (current-collecting plate – contact wire) depends on 
their grades, the state of the surfaces, the force of pressing the runner plate on the wire 𝐹௜, the 
value of the current 𝐼௜ preleasing through this transient resistance, and its temperature [5]. In this 
case, it is assumed that the transient resistance 𝑅்௥௜  is a nonlinear element dependent only on 𝐼௜ 
and 𝐹௜. The influence of temperature, the quality of treatment of the working surfaces of the wire 
and plates is not taken into account. The relationship 𝑅்௥ = 𝑅்௥ሺ𝐹, 𝐼ሻ for HPLT plates was 
approximated according to the results of experiments given in the literature [6]. The 
approximation is given by the following algebraic expression proposed by one of the authors: 𝑅்௥ሺ𝐼,𝐹ሻ = 𝑅்௥ஶሺ𝐹ሻ · 𝜓ሺ𝐼ሻ, (7)

where 𝑅்௥ஶ – limit value of transient resistance at current trending to infinity, Ohm; 𝜓ሺ𝐼ሻ – 
coefficient of increasing the ultimate transient resistance at low current values. 

Diagrams of functions 𝑅்௧ஶሺ𝐹ሻ and 𝜓ሺ𝐼ሻ are shown in Fig. 2. 

 
Fig. 2. Function graphs: a) 𝑅௥ሼ𝐹ሽ and b) 𝜓ሼ𝐼ሽ  

It is generally accepted that the value of transient resistance 𝑅்௥ is proportional to the pressing 
force of contacts 𝐹 [7]. Therefore, the 𝑅்௧ = 𝑅்௧ሺ𝐹ሻ graph is a hyperbola, and at 𝐹 = 0 the 
transient resistance 𝑅்௥ = ∞. In this case, it is considered that when 𝐹 = 0 is pressed, an arc 
having a finite ohm resistance occurs. 

The own resistance of the runner relative to each plate 𝑅ெ௘ is dependent on the location of the 
wires on the runner. Due to the zigzag, the contact wire is constantly moving along the skid. If we 
assume that the electric locomotive is moving in a straight section of the path, then the center of 
the runner will be above the axis of the path. In this case, for the parameter characterizing the 
position of the contact wire on the runner, it is convenient to take the distance 𝑧 from the center 
of the runner to the wire (it is assumed that the contact wire is parallel to the track axis). The 𝑧 
plot along the path is a saw tooth curve. The maxima and minima 𝑧 coincide in the abscissa 
coordinate with the coordinates of the supports, and the 𝑧 parameter itself is equal to either a 
positive zigzag of 0.3 m or a negative zigzag of 0.3 m [4]. 

The Comsol Multiphysics 3.5 a software package based on the finite element principle is used 
to simulate electrical processes directly throughout the contact wire and runner [2]. To describe 
the current flow inside the current-carrying parts of the runner and wire, the continuity equation 
(Ohm’s law in differential form) for stationary currents is used [8]: −∆ ∙ 𝜎∆𝑉 = 0, (8)
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where 𝑉 – potential, V; 𝜎 – specific conductivity Cm/m; ∆ – gradient operator. 
After solving Eq. (7), the electric field strength vector, V/m, is determined: 𝐸 = −∆𝑉. (9)

Next, an electric current density vector is calculated; A/mg: 𝑗 = 𝜎 ∙ 𝐸. (10)

Volumetric density of resistive heating 𝑄ெ௘ depends on current density and is determined by 
the formula W/m3: 𝑄ெ௘ = 𝑗ଶ ∙ 𝑟, (11)

where 𝑟 – specific electrical resistance of the material, Ohm-m. 
As a result of solving Eqs. (8-11) with given parameters and boundary conditions, values of 

potential field 𝑉, electric field intensity 𝐸, current density field 𝑗, resistive heating power field 𝑄ெ௘ from intrinsic resistance over the whole volume of the runner and contact wire are 
determined. For the parameter 𝑧 = –0.15 m and current 𝐼௧ = 1600 A, the calculation result is 
shown in Fig. 3. 

 
Fig. 3. The result of calculating the current distribution inside the runner and the contact wire without 
taking into account the transient contact resistances at 𝑧 = –0.15 m: a) electric current line diagram; 

b) epure of resistive heating power field 𝑄ெ௘ from its own resistance 

4. Discussion 

After calculating the current distribution inside the runner and the wire, the value of the current 
flowing from the contact wire to each of the plates HSSW, 𝐼௧ is determined. Further, based on the 
equivalent scheme, the values of the natural resistances of the runner relative to each 𝑅ெ௘௜ with 
plate are determined taking into account the assumption that the transient resistances are zero, i.e. 𝑅்௥௜ = 0. At the same value of the total current of the runner 𝐼௧ and the absence of transient 
resistances, the calculation result will depend only on the parameter 𝑧 (Fig. 4) [9]. 

From the Fig. 4 shows that the greatest values of the own resistance of the runner relative to 
each of the plates 𝑅ெ௘௜ and the greatest total resistive heating of the runner from these resistances 𝑃ெ௘ஊ when the contact wire is located in the middle of the runner 𝑧 = 0. The smallest values 𝑅ெ௘௜ 
and 𝑃ெ௘ஊ when the contact wire is shifted from the center of the runner by the zigzag 𝑧 = ±0,3 m. 
This result is easy to explain. Since the points of connection of current-conducting conductors to 
runner 6 (Fig. 7) are spaced apart from the center of the runner, at 𝑧 = 0 the path of current flow 
through the runner is the greatest [10]. 

Accordingly, the resistances 𝑅ெ௘௜ and heating 𝑃ெ௘ஊ also greatest. At 𝑧 = ±0.3 m, the situation 
is opposite. From the analysis of the field diagrams of the volumetric density of the power of 
resistive heating of the runner from its own resistance 𝑄ெ௘, it is visible that the heating power is 
distributed over the runner extremely unevenly. Description of this model is given in [5]. This 
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model does not take into account the distribution of pressure across the plates. In order to do this, 
it is necessary to take into account the bending rigidity of the contact wire. Therefore, the results 
of the calculation of the pressing force of the entire running of the current collector from the above 
model were converted to pressing each individual plate on the contact wire, taking into account 
its bending rigidity. 

 
Fig. 4. Graphs of dependencies on the parameter 𝑧: a) of the own resistance 𝑅ெ௘ of the runner relative to 

each plate HSSW, b) of the total power of resistive heating of the runner 𝑃ெ௘ஊ on the own resistance 

Heating power in transient resistance 𝑖 - current collecting plate – contact wire is according to 
Joule-Lenz law: 𝑃்௥௜ = 𝐼௜ଶ ∙ 𝑅்௥௜ . (12)

Therefore, in the immediate vicinity of the runner, the resistive heating field 𝑄ெ௘ caused by 
the intrinsic resistance of the contact wire is unevenly distributed within it. This 𝑄ெ௘ field is 
non-static and depends on the magnitude of the currents taken by each plate it. Fig. 5 shows the 
distribution of current density 𝑗 and volumetric density of resistive heating from intrinsic 
resistance 𝑄ெ௘ inside the contact wire. The result shown in Fig. 8 is obtained from the condition 
that the current taken by each HPLT plate in this case is equal to the average value of the current 
in time 𝐼௜ = 𝐼௜೎೛, which is taken by this plate when the pressure changes in time. In other words, 
the 𝑄ெ௘ field in Fig. 8 is obtained averaged by the value of currents 𝐼௜. Similar to the case with a 
slide, the time-varying field 𝑄ெ௘ሺ𝑡ሻ is replaced by this stationary averaged field  𝑄ெ௘೎೛ሺ𝑡ሻ = со𝑛𝑠𝑡. 

 
Fig. 5. a) Current density line distribution diagram 𝑗 in the contact wire and b) the epure of the volume 

density field 𝑄ெ௘ resistive heating power from its own resistance 

5. Conclusions 

After analyzing the effect of pressing forces on the contact wire on the plates, it can be 
concluded that the more evenly distributed the pressing, the more evenly distributed the current 
load between the plates.  

If the pressing is distributed unevenly between the plates, then the plate with a large pressing 
accounts for most of the current of the ERS, and the plate with a smaller pressing – 
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correspondingly less.  
The results obtained during computer modeling based on the Comsol Multiphysics software 

package showed that the first plate of the pantograph is strongly heated by the contact wire. 
The results of this study make it possible to determine in a timely manner the causes of failure 

of the plates of current collectors of electric rolling stock and show the need to continue in-depth 
experimental research in this direction, which will be reflected in other research papers. 
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