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The goal of the work is substantiation of using the proposed method of slid-
ing high-current contact wear prediction by comparing the forecasting re-
sults with the experimental ones. In conditions of ensuring high quality ser-
vices transportation of passengers and cargo, the issue of ensuring reliable 

operation of the high-current contact ‘contact wire–pantograph contact ele-
ment’ becomes especially relevant. The reliability of the traction system as a 

whole depends of the high-current contact reliability. The feasibility of using 

the proposed method for predicting wear of sliding high-current contact is 

substantiated. This method differs from the existing ones due to possibility 

of taking into account the set of factors, which influence on current collec-
tion process, by comparison the predicted wear values of the sliding high-
current contact with the data obtained experimentally. The results show a 

possibility of reducing the wear of the contact wire up to 11% in its interac-
tion with graphite contact elements and increasing the efficiency of the use 

of contact elements up to 25%. 
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elements. 
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методу прогнозування зносу ковзного сильнострумового контакту, шля-
хом зіставлення результатів прогнозування з результатами експеримен-
ту. В умовах забезпечення високої якості послуг перевезення пасажирів 

та вантажів особливої актуальності набуває питання забезпечення надій-
ної роботи елементів сильнострумового контакту «контактний дріт–
струмознімальний елемент», від працездатності якого залежить надій-
ність роботи системи тягового електропостачання в цілому. Запропонова-
но та обґрунтовано доцільність застосування методу прогнозування зносу 

ковзного сильнострумового контакту, який відрізняється від існуючих 

можливістю врахування сукупності впливаючих на процес струмозні-
мання факторів шляхом зіставлення прогнозованих значень зносу ковз-
ного сильнострумового контакту з даними, отриманими експерименталь-
ним шляхом. Результати досліджень показують можливість зменшення 

зносу контактного дроту до 11% при його взаємодії з графітовими струмо-
знімальними елементами та підвищення ефективності використання 

струмознімальних елементів до 25%. 

Ключові слова: струмознімання, величина зносу, контактний дріт, стру-
моприймач, струмознімальний елемент. 
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1. INTRODUCTION 

In Ukraine, improving the quality of current collection on electric 

transport, which is powered by the contact network, is a particularly 

pressing issue. This is due to the fact that most current collectors of 

electric rolling stock are equipped with carbon contact elements [1]. 
And because of its mechanical strength and electrical characteristics 

[2] not always meet existing requirements [3] there is a problem of ap-
pearance pantograph damage and the wasteful use of contact elements 

that are constantly increasing in value. 
 Throughout the existence of electric transport that receives power 

from the external network through sliding high current contact, there 

is a issue of ensuring high quality of current collection [4–7]. 
 The process of current collection is a complex electromechanical 
process, which is accompanied by the wear of contact wires and panto-
graph contact elements [8, 9] and depends on a number of parameters 

of both the friction pair elements themselves and the external influ-
encing factors. 
 The process of wear of the contact wire and contact elements during 

the current collection is characterized by the mechanical (friction) and 

electrical (erosion) components of wear. 
 The electrical (erosion) component of wear occurs only when electri-
cal erosion of the contact material occurs. As a result, craters and over-
lap of copper appear on the contact wire surface. Electrical erosion de-
pends first of all on the current density flowing through the contact 
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point and on the hardness of the material, which determines the con-
tact area of the friction pair elements ‘contact wire–contact element’. 
 The mechanical component of wear is crucial in places where no elec-
trical erosion occurs and depends on the strength parameters of the 

contact elements. 
 The quality of the current collection can be estimated by a large 

number of indicators. In general, it is described by the minimal cost of 

maintenance of pantographs and contact suspensions. 
 Contact suspensions and pantographs evolution [6] allows more 

power to be transmitted to the electrical equipment of the rolling stock 

and to realize higher speeds of movement. But the question of minimiz-
ing the cost of its maintenance and repair remains relevant to this day. 

2. THE MAIN MATERIAL 

It is possible to increase the efficiency of sliding high-current contact 

operation between the contact wire and the contact elements of the 

pantographs, using the proposed in the work [10] method for predict-
ing wear of sliding high current contact. The essence of the method in 

the rational placement of contact elements on the pantograph. For this 

purpose, its parameters are pre-determined and compared with the 

corresponding results of experimental studies on wear, with various 

influencing factors [11]. It should be noted that the results of experi-
mental studies, which are partially presented in [11], are analysed by a 

whole set of parametric methods of statistics [12]. 
 To assess the adequacy of the proposed method of predicting the 

wear of current collection friction pairs [10] was predicted the wear of 

the friction pairs ‘contact wire–contact element’ for a number of real 
current collecting elements. A sample of contact elements from a batch 

TABLE 1. Contact elements parameters with hardness sorting. 

No. 
Contact elements parameters 

HB ρ, µΩ⋅m 

1 43.1 32.5 

2 38.2 30.1 

3 34.5 28.4 

4 30.3 26.6 

5 26.9 25.2 

6 24.5 24.3 

7 22.4 23.5 

8 20.2 22.7 
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was selected and its parameters were determined using a developed de-
vice [13]. Tables 1 and 2 show the study results of the contact elements 

parameters with decreasing ranking. 
 Prediction of contact wire wear with interacting with contact ele-
ments was performed for two variants of its location on the panto-
graph: 
 – at arbitrary location (contact elements were located on the position 

of the pantograph without taking into account its parameters), Fig. 1, 

a; 
 – according to the proposed scheme Fig. 1, b [10]. 
 When modelling, the condition was determined that the contact wire 

is rigidly fixed. Assessment of wear of the contact wire was carried out 

after 10 thousand passes through it contact elements and the assess-
ment of wear of contact elements during its run of 10 thousand km. 
 The prediction of wear of the contact elements and contact wires was 

performed at the initial parameters, which are shown in Table 1. 
 The presented comparative results of predicting the contact wires 

with carbon contact elements wear at its location on the slide arbitrari-
ly and according to the scheme (Figs. 2–4) show, that the wear of the 

contact elements along the length of the slide can be offset. This is 

achieved by positioning the contact elements using the predicted 

method of sliding high-current contact wear. 

TABLE 2. Output parameters of the current collection system. 

Parameter Value 

Pantograph contact force P, N 80 

Current in contact I, A 200 

Simulated movement speed V, m/s 10 

Ambient air humidity, ϕ, °C 50 

 

Fig. 1. Slide pantograph schemes at placement of contact elements arbitrarily 

(a) and according to scheme (b). 
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 The prediction of the contact wire and contact elements wear was 

performed for the contact wire stagger ±300 mm to compare predicted 

wear with contact wire and contact elements wear in operation. 
 The amount of contact wire wear along the span, when using the 

proposed method, is significantly reduced and evened. That is especial-
ly important in operation. In operation is possible to extend the life of 

the contact suspension without having to replace the parts of the con-
tact wire in the contact network section due to excessive wear. To con-
firm the adequacy of the data obtained from the prediction at the De-
partment Intelligent Power Supply Systems an experimental setup was 

developed that allows to study the process of contact wires interaction 

with pantographs, Fig. 5. 
 Investigations at the experimental setup were conducted for a dou-
ble row slide pantograph, it was equipped with carbon contact elements 

with arrangement according to the scheme Fig. 1, b. The parameters of 

the current collection system, during the experiment, corresponded to 

the values in Table 2. The trajectory of the contact wire at the experi-
mental setup was determined by the methodology [14] and taking into 

account the design of the catenary [15–18]. 

 

Fig. 2. Predicting residual height of the first-row carbon contact elements 

along the length of the double row slide pantograph. 

 

Fig. 3. Predicting residual height of the second-row carbon contact elements 

along the length of the double row slide pantograph. 
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 The scheme of fixing the contact wire on the moving part of the ex-
perimental setup is shown in Fig. 6. 
 In experimental studies, the contact wire was fixed rigidly, the as-
sessment of the contact wire wear was carried out after 10 thousand 

passes through the pantograph, and the assessment of the contact ele-
ments wear during its run of 120 km (due to the structural features of 

the experimental setup). 
 Prior to the experimental study, the friction surface of the contact 

wire and contact elements was cleaned to ensure the purity of the ex-
periment. 
 The results of experimental studies of the contact elements and con-
tact wire wear with the superimposed results of predicting its wear un-

 

Fig. 4. Predicting residual cross-section of the contact wire after interaction 

with the double row slide pantograph equipped with carbon contact elements. 

 

Fig. 5. Experimental setup for the study the process of contact wires interac-
tion with pantographs. 
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der the corresponding experimental conditions are shown in Figs. 7–9. 
 The results are presented in Figs. 7–9 indicate sufficient quality 

prediction of contact wire and contact elements pantograph wear by 

the method predicting wear of sliding high-current contact. There is a 

slight deviation of the prediction result from the experiment, the rela-
tive error: for first row contact elements 2.21%, for second row con-
tact elements 1.31%, for contact wire—1.28%. 

3. CONCLUSION 

1. The use of the method predicting wear of sliding high-current con-
tact in operation and contact elements placement according to the 

scheme allows to reduce the wear of the contact wire to 11% and to in-

 

Fig. 6. Scheme of fixing the contact wire. 

 

Fig. 7. Residual height of the first row carbon contact elements along the 

length of the double row slide pantograph. 
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crease the use efficiency of the contact elements up to 25%. 
2. Aligning the wear of the contact wires along the span will increase 

the life of the contact suspension with a given speed mode without 

completely or partially replacing the contact wire. 
3. Absence of contact elements cuts will allow to increase its mileage 

and lead to reduction number of repairs, which will positively affect 

the cost of pantograph maintenance. 
4. Positive experience of conducting theoretical and experimental re-
searches of elements sliding high-current contact wear at the experi-
mental setup of the Department Intelligent Power Supply Systems tes-
tifies to the necessity and importance of such researches. 
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