IMPAKTUYHA POBOTA: O®OPMJIEHHSI HAYKOBOI CTATTI

MeTta po0OTH: BUBYEHHS Ta OCBOEHHS KJIIOYOBHMX ACMEKTIB HAlMCaHHS Ta O(OpMIIEHHS
MDKHApOJHOI CTaTTi, OIVIAJ HAyKOBUX J>KypHaliB 3a mnpodeciiHuM cropsmyBaHHSM. B skocti
MPAKTUYHOT YACTUHM JUIS 3aKPIIUICHHS 3HAHb Ta HABUYOK BUCTYIIA€ HAITMCAHHS HEBEJIMKOI CTATTI 32
1HMBUyaTbHUMHU TEMaMHU.

Teopernuni BizoMocri:

B Vkpaini 3a octanHi poku BiOynucsi CyTTeBi 3MiHH y cdepi BUIIOi OCBiTH. OmHUM 3
YMHHUKIB, 110 3yMOBHMB MOJEpHi3alio 1€l cepu — 1e amanrtaiis BITYM3HSHOI BHUIOI IIKOIU JIO
MDKHApPOJHHUX CTAHAAPTIB y cepi OCBITH 1 HAYKH.

30KkpeMa, WIEeTbCs MPO BIPOBAKCHHS HOBUX BUMOI 10 odopmiieHHS OibmiorpadiuHoro
ONUCY CIIMCKY BHUKOPUCTAHMUX JDKEpeN B JMCEpTAIlisiX Ta CIUCKY OIMyONIKOBaHUX poOIT B
aBropedepaTax AUCEpTalliii; 3apOBaKEHHSI HOBOTO MOPSAKY IPUCBOEHHS BUCHUX 3BaHb HAYKOBUM
1 HayKOBO-TIEJATOT'1YHUM TIpAIiBHUKA; 3MIHU MPOLECIB MirOTOBKH 3/100yBayuiB HAyKOBOTO CTYTICHS
«oKTop ¢inocodii ” 1 «TOKTOp HAyK” Ta MPHUCYIKEHHS HAYKOBUX CTYICHIB.

Koxna moBakatoua cebe OCBiueHa JIIOAWHA IMOBHHHA SK MIHIMyM 3HaTd BHUMOTH JUIS
nyOmikaiii B My>KHapoJHUX BHAAHHSAX. A Kpalle MepiogudHo MyONiKyBaTh HAayKOB1 CTaTTi SIK
pE3yABTaTH CBOET AiSUTBHOCTI.
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Abstract: During the comprehensive study, a list of recommendations regarding the
procedure and content of the program and methods of bench tests of the contact wire on
the amount of wear was developed. The contactless method of diagnosing the state of the
sliding power contact with the help of non-destructive temperature control at the point of
current collection allows predicting the result of bench tests already at the initial stage of
the tests. On the basis of scientifically substantiated results, it can be stated that the
expansion of the program and methods of bench tests of the contact wire on the amount
of wear by controlling the temperature of the contact zone will allow to reduce time,
energy and other costs during mandatory bench tests of the latest samples of contact
inserts of pantographs.

Keywords: Sliding Contact, Pantograph Insert, Wear, Contact Wire, Bench Tests.

1. Introduction

In rail transport systems, a sliding power contact formed by a contact wire and a special contact
pantograph insert to transfer energy to the vehicle is very widely used. The efficiency of the entire
transport system largely depends on the state of this unit and its efficiency. Taking into account the
fact that the energy transmission unit is not redundant, maintaining its elements in the appropriate
technical condition is an important and relevant task.

Solving the problem of effective operation of the contact network and electric rolling stock requires
further reduction of wear of the contact wire and cases of its destruction, increase of the service life
of the skids of pantographs, reduction of electricity losses during current collection [1, 2].

Any measure aimed at reduction the wear of the elements that make up the sliding contact and
improving the quality of its work must be based on knowledge of the amounts, nature and features of
its wear, as well as on the correct understanding of the reasons that affect the quality of its work. One
of the common approaches in solving this kind of problems is the use of statistical data obtained
during the bench tests [3]. Bench tests are not only a tool for selecting and putting into operation the
contact inserts of the pantograph that better meet the requirements of efficient and trouble-free
operation; but also a basis for creating the advanced materials and technologies in the field of power
sliding electrical contacts.
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The main factors determining the level of wear of a high-current sliding contact are [4, 5, 6]:

- oxidation of the metal element of the friction pair;

- oxidation of the composite element of the friction pair and weakening of its strength;

- strengthening of adhesion due to dissociation of water films or organic substances under the
action of electric current;

- the formation of shock thermal stresses in the dynamic contact due to the uneven distribution
of the current density in it;

- electric sparking; arc formation, etc.

Usually, all of the named factors act simultaneously and are connected by heat generation on the
transition contact resistance. Therefore, the temperature of the sliding contact zone can act as a kind
of integral indicator that quite accurately reflects the quality of the current collection process, and
accordingly, it can be used to compare different types of contact inserts of pantographs, as well as
predict their resource and the resource of the contact wire [6]. This is facilitated by the development
of instruments for temperature measurement and methods of their application. As part of non-
destructive testing methods of surface temperatures, the thermovision technique of measuring friction
temperatures is quite popular. The essence of this method is to register the infrared radiation of the
research object and the subsequent transformation of the radiation into electrical signals or into a
visible image. Only thin surface layers are involved in the process of radiant heat exchange, so thermal
radiation for solid bodies can be considered as a surface phenomenon.

In [7, 8] attention is focused on the thermal state of the sliding contact in the conditions of bench
tests, as the most informative factor, since the specific electrical resistance of the material, hardness,
and friction coefficient directly depend on the temperature and affect the amount of wear of the
material. The authors of [8] link the temperature of the contact zone with the amount of wear of
carbon contact inserts, and also indicate a change in the microstructure of the contacting surfaces.
The results of [8] are correlated with the results and conclusions obtained in [7] during the
experimental study of the electrical sliding contact. It is logical to spread such an approach to the
contact inserts of the pantograph made of composite materials that have enhanced self-lubricating
properties.

2. FORMULATION OF THE PROBLEM

The purpose of the research is to develop scientifically justified recommendations for improving
the standard method of bench tests of power sliding contact elements.

The relevance of research is caused by the need to reduce time, energy and other costs when
conducting bench tests of power sliding contacts, due to the introduction of two-stage tests.

At the first stage, it is proposed to monitor the temperature state of the sliding contact and compare
the obtained values with the indicators of the standard reference sample and the normative
temperature value of the contact wire. The second (main, long-term) stage should be carried out only
for samples that have successfully passed the first stage. In the standard methodology, the tests are
carried out without division into stages, which leads to significant time, energy and other costs,
without the possibility of predicting the final test results at the initial stage of the tests.

To achieve the goal, the following tasks were set:

1. To conduct experimental bench tests of the temperature regime of the sliding high-current contact
using the non-destructive temperature control methods of the problem area.

2. To investigate the influence of the number of passes and the temperature in the contact zone on
the wear value of the contact wire.

3. To provide recommendations for improvement/expansion of the bench test method.



3. MATERIALS AND RESEARCH METHODS

Standard of Ukraine DSTU GOST 32680:2016 "Head current collection elements of pantographs
of electric vehicle. General specification" [9] regulates the procedure for acceptance and standard
tests for pantograph contact inserts. The program of such tests includes checks of contact inserts and
contact wire wear. The mileage of the contact inserts till they reach limit wear is determined based on
the results of operational tests. Inserts are considered to have passed the test if they have an estimated
replacement forecast based on ultimate wear not less than: for light-type pantographs 60-10° km or
more; for heavy type pantographs 25-10° km or more, as indicated in clause 5.1.5 of DSTU
GOST 32680:2016 [9]. The amount of contact wire wear is checked on a special bench. Clause 8.3.13
of DSTU GOST 32680:2016 [9] sets the following requirements for the test bench: a segment of the
MF-100 (copper shaped wire with cross-section of 100 mm?) contact wire is fixed in the form of a
closed curve on a rotating device, which ensures the required linear speed of any point of the wire,
and the point of contact of the contact wire should ensure smooth sliding of insert on it. Two identical
pieces of the contact insert are installed on the test bench, facing each other. They are pressed against
the contact wire with a force of (40+8) N. The amount of wear of the contact wire is considered
acceptable if, after 500,000 revolutions of the rotating device, it does not exceed 2 mm (or 40 um per
10,000 revolutions) [9].
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Fig. 1. Block diagram of a laboratory test bench for studying the wear of elements of power sliding
contact

In its turn, GOST 2584-86 " Copper and copper alloys trolley wires" establishes the permissible
temperature of the contact wire, so for the MF-100 wire, the permissible temperature is 95°C, taking
into account possible heating during the entire service life [10]. Industrial research laboratory (IRL)
"Reliability and unification of rolling stock electrical equipment" of the Ukrainian State University
of Science and Technologies is equipped with a specialized bench for determining the amount of
contact wire wear. The block diagram of the bench is shown in Fig. 1. Similar benches are used by
many laboratories of the world when studying the properties of not only sliding, but also removable
contacts and contacts of electrical devices [3, 4, 11]. In most cases they include measuring equipment
for monitoring the temperature of the contact zone.

During bench tests, the authors used a Testo 875 thermal imager with the IrSoft software package
to control the temperature of the sliding contact zone (Fig. 2).



The thermal imager allows us to perform remote and contactless measurement of the temperature
of the sliding contact zone during the tests at a certain time interval and have a heating curve of the
specified zone at the end of the cycle.

The authors' studies [3, 12] show the results of mathematical modeling of the wear of contact pairs
taking into account the temperature. The analysis shows that wear is largely determined by the
temperature of the friction bodies, which affects the hardness of the elements of the contact pair and
the actual contact area. The dominant role of the electrical component of wear in increasing of the
friction pair temperature is shown in [13].
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Fig. 2. General view of the test facility

The influence of different types of contact inserts (more than 10 types in total) [14] on the amount
of wear of the contact wire was investigated in laboratory conditions. During these tests, the heating
of the contact wire was controlled, especially — the maximum temperature according to GOST 2584-
86 (95°C) [10].

The manufacturers of the contact wire MF-100 guarantee its quality indicators in case of not
exceeding the specified value of 95°C. If this value is exceeded, the physical and mechanical
properties of the contact wire deteriorate, in particular the density of the working surface of the sliding
contact, which can lead to increased wear of the contact wire. Therefore, if this value is exceeded
during the tests, the test results of this sample were considered unsuccessful.

From the researched types of contact inserts of the pantograph, experimental samples were made,
which are hereinafter referred to as "Sample 1", "Sample 2", etc.

Before the start of the bench tests, photos of both the test samples of the contact inserts and the
contact wire were taken. Fig. 3 shows the photo of the surface of the MF-100 contact wire. An
elliptical ring was made of this wire and mounted on the rotating part of the test bench.

Fig. 3. The photo of the surface of the MF-100 contact wire before the start of the bench tests
Fig. 4 shows the photo of the surface of the experimental sample "Sample 1" before the start of the
bench tests.



Fig. 4. The photo of the surface of the experimental sample "Sample 1" before the start of the bench
tests

The first stage of the tests consisted of 10,000 revolutions of the disk of the test bench, while the
temperature in the contact zone was recorded every minute, which made it possible to assess the
dynamic change in temperature over time, from the initial value to the steady state. The duration of
the first stage of testing was 50 minutes. The rotation frequency of the bench disk was 205 rpm, and
the current flowing through the sliding contact was 300 A.

After the first stage of the tests, photos of the surface of the contact wire in the places of
measurements of its geometry (Fig. 5) and of the test sample (Fig. 6) in the place of contact with the
ring were taken.

Fig. 6. The photo of the surface of “Sample 1” after the first stage of the tests

Fig. 7 shows one of the thermograms obtained during tests of a fragment of the contact insert
"Sample 1" using a thermal imager Testo 875. The established temperature of the sliding contact zone
for "Sample 1" does not exceed the value of 45 °C. The process of reaching a fixed value is relatively
long and depends on the properties of this contact, and therefore can be used as a kind of "passport".

Fig. 7. The thermogram during tests of a fragment of the contact insert "Sample 1" (right fragment)



Fig. 8 shows the graph of the change in temperature of the sliding contact zone heating during the
tests of the fragment of the contact insert "Sample 1". Graphs for the left (red color) and right (black
color) fragment of the contact insert on the bench are presented separately.
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Fig. 8. The graph of the heating temperature change of the sliding contact over time during the
testing of the fragment of the contact insert "Sample 1"

Fig. 8 shows that the heating process is aperiodic, therefore the heating time constant for sliding
contact elements can be determined graphically. The results of determining the heating time constant
of power sliding contact zone are collected in Table 1. Table 1 also shows the established temperature
values for each sample. Since two fragments of the same sample are simultaneously tested on the
bench, the values in the Table 1 are given for each of them separately.

For the sliding contact that is formed by the contact wire MF-100 and the fragment of the contact
insert "Sample 4", it is impossible to determine the time constant, since the tests were stopped after 3
minutes. The reason was a significant increase in the temperature of the contact zone (more than
95°C) and "jamming" of the bench — the disk stopped rotating and the gripping of elements of the
sliding contact was observed. Fig. 9 shows the photo of “Sample 4” after jamming of the bench.

Table 1. The values of the established temperature and heating time constants

of sliding contact zone

Sample number 1 2 3
Heating time Left holder 9 9 10
constant of the. Right 9 9 10
contact zone, min holder

Left hold 47 41 47

Established eRig‘}’u =

t 0

temperature, °C holder 35 39 43

Fig. 9. The photo of “Sample 4” after jamming of the bench




Fig. 10. The photo of the surface of the MF-100 contact
wire after working in pair with the sample "Sample 4"

The photo of the contact wire surface after working in pair with the sample "Sample 4" is presented
in Fig. 10. In general, the surface of the contact wire had damage and burrs and was not suitable for
further use after the tests. "Sample 4" was not allowed to proceed with the second stage of tests.

It should be noted that there is a temperature difference during the operation of the left and right
fragments of the sample, which is caused by a gradual decrease in the contact pressure of the right
holder of the fragment to the contact wire, due to the design features of its elastic elements.

Thus, if the obtained heating time constant of the elements of the sliding contact is approximately
equal to 9 min, and the temperature of the contact wire did not exceed the maximum permissible
value (95°C for a contact wire of the MF-100 type), then the contact insert is allowed to the second
stage of testing (full cycle — 500,000 disk revolutions).

During bench tests, every 10,000 passes of the disk, wear values of the contact wire were recorded.
The results of these records are presented in the Table 2.

Table 2. Results of wear measurement along the height of the contact wire after 10,000 passes

Average value of wear along the height
Sample number .
of the contact wire, mm
1 0.015
2 0.016

3 0.023

The analysis of wear measurements along the height of the contact wire of all samples during bench
tests indicates that they have an uneven, stochastic, probabilistic nature. Therefore, it is necessary to
investigate the dependence of contact wire wear on the number of revolutions (passes) of the disk of
the test stand, or other indicators by using the methods of mathematical statistics.

It makes no sense to determine the distribution law of the studied amount of wear of the contact
wire, because in the end, only numerical characteristics which describe the most essential properties
of this distribution are needed. In our case, a mathematical expectation can be such a characteristic.

It is known that with a sufficient number of measurements, the average value of a random variable
approaches to its mathematical expectation (m) in probability, and therefore, in practical calculations,
it can be accepted as an estimated value.

To ensure the compliance with the basic provisions about the normal probability distribution, the
confidence interval must be 68% (standard), this condition will be ensured in the case of an
approximate number of experimental points at the level of 20. In our case, the number of controlled



points on the experimental ring of the bench is six, so it is necessary to perform three measurements
of contact wire wear in each of these points. This will allow the number of experimental points to be
obtained in the amount of 18, which is close to the desired value.

Thus, in the experimental studies, 18 measurements of wear along the height of the contact wire
are recorded. In the Table 3 summary measurements of wear along the height of the contact wire
under the condition of working in pair with "Sample 1", the measurement interval is
10,000 revolutions of the bench disc. The amount of wear is determined in relation to the previous
10,000 revolutions, that is, the value of wear is actually determined for every 10,000 revolutions of
the bench.

Table 3. Results of wear measurement along the height of the contact wire

under the condition of working in pair with "Sample 1"

Contr Wear value along the height of the contact wire, mm
ol 20,000 30,000 40,000 50,000
point revolutions revolutions | revolutions | revolutions
0.021 0.023 0.015 0.014
1 0.022 0.023 0.016 0.0135
0.022 0.025 0.016 0.0125
0.015 0.018 0.021 0.019
2 0.016 0.0185 0.021 0.0185
0.015 0.018 0.023 0.02
0.03 0.0195 0.025 0.027
3 0.028 0.02 0.025 0.028
0.029 0.02 0.0245 0.029
0.006 0.015 0.012 0.013
4 0.006 0.0165 0.0123 0.0125
0.005 0.0155 0.0123 0.012
0.012 0.0055 0.007 0.0085
5 0.015 0.0065 0.0075 0.0085
0.016 0.0065 0.008 0.008
0.002 0.0015 0.0018 0.0019
6 0.001 0.001 0.0019 0.0019
0.001 0.001 0.002 0.002
The 7 criterion was used to check the hypothesis:
lz _ § (Mi —”Pi)zy
=l np; (1)

where M; is the number of samples in the grouping interval; np; is he expected number of samples in
the grouping interval.
For clarity of checking the y criterion, we will present the calculations in the Table 4.



Table 4. The results of checking the distribution hypothesis of the random value of contact wire
wear according to the y2 criterion ("Sample 1" after 20,000 revolutions)

. M,=np,)’
i M; npi M- np; %
1 4 3 1 0,33

2 2 3 -1 0,33

3 4 3 1 0,33

4 2 3 -1 0,33

5 3 3 0 0

6 3 3 0 0

> 18 18 0 1,33

1,61>1,33

The table value of the x* criterion at the number of degrees of freedom at the level
m=k—-1=6-1=5 equals 11.1 (with probability of a=0.05), which exceeds the calculated 1.33
(Table 4), this means that the hypothesis of a normal distribution is valid.

For further research, the wear value along the height of the contact wire is taken to be equal to the
mathematical expectation, i.e. 14.6 pm per 10,000 revolutions, for the interval from 10,000 to 20,000
revolutions of the test bench disk.

Similar calculations for the following intervals of bench operation are presented in the Table 5.

Table 5. The results of checking the distribution hypothesis of the random value of contact wire
wear according to the 2 criterion ("Sample 1")

(M[. —np; )2
. I’lpi
i
30’090 40,000 revolutions | 50,000 revolutions
revolutions
1 0 0 0
2 0 0 0
3 3 0 3
4 0 0 0,33
5 3 0.33 1,33
6 0 0.33 0
z 6 0.67 4.67
11.1>6 11.1>0,67 11.1>4,67

Contact wire wear measurements for samples "Sample 1", "Sample 2" and "Sample 3" were made
every 10,000 revolutions up to 50,000 passes (included). After that only one measurement was made
after 500,000 passes, as a control one to verify the predicted wear value of the contact wire during
bench tests only for the sample "Sample 1".

As a result of tests conducted to investigate the amount of wear of the contact wire when working
with the type of contact insert "Sample 1", a relationship between the average amount of wear of the
contact wire by height and the temperature in the contact zone was obtained (Table 6).



Table 6. Results of wear measurement along the height of the contact wire with the corresponding
temperatures of the sliding contact zone

Number of disk
revolutions, 10 20 30 40 50
thousand
Wear value, um 15 29.6 | 43.7 | 57.7 71,6
Temperature | Left
4 4 4 4 4
of the holder ! 8 8 ? 8
contact Right
zone, °C holder 36 37 38 38 39

Based on the data in the Table 6 we can say that in case of successful tests (according to temperature
indicators) at the initial stage of the tests (the first 10,000 passes) — the temperature indicators will
remain unchanged during the following stages.

Experimental points are shown in Fig. 8 in blue; the proposed approximation dependence in the
form of equation like y(x)=c+k(x) is shown in red.

In our case, the following approximation equation is proposed:

Agn(npisk) = 1,13 + 1,413 - npgk, (2)
where: npisk is the number of revolutions of the test bench disc (in thousands).

The resulting ratio (2) is a model of contact wire wear during bench tests.

The adequacy of the ratio obtained by the method of approximation of the analytical expression
and the original experimental data was proved by the method of least squares — the coefficient of least
squares at the level of 0.999 (complete conformity).

Using expression (2), it is possible to estimate standard indicators, for example, the amount of wear
per 500,000 passes of the disc.

So, in the case of using contact inserts of the first type ("Sample 1"), the wear of the contact wire
after the end of the full test cycle (500,000 revolutions) will be estimated at the level of:

Agp(npsg) = 1,13+ 1,413 - 500 = 707 pm.

In order to check the adequacy of the obtained contact wire wear model, a full volume of tests with
a volume of 500,000 revolutions was conducted for a fragment of the contact insert "Sample 1". The
obtained experimental value of the wear was 723 pm.

The difference between the amount of contact wire wear expected by model (2) and its
experimental value will be equal to 2.3%, that indicates the adequacy of the mathematical model of
contact wire wear.

Similarly, approximations of the experimental values of contact wire wear values A, were made

by linear expressions, respectively, for contact inserts of the second and third types:
A (npisk) = —2,01 + 1,803 - npys¢ (3)
A (npisk) = —3,27 + 2,653 - npys¢ (4)
Then, in the case of using contact inserts of the second type ("Sample 2"), the wear of the contact
wire at the end of the full test cycle (500,000 revolutions) will be estimated at the level:
A (Mpisg) = —2,1 + 1,803 - 500 = 899 pum,
And for inserts of the third type ("Sample 3"):
A (Mpisg) = —3,27 + 2,653 - 500 = 1,323 um
This means that "Sample 2" will have a smaller resource than "Sample 1" by almost 27%.



4. RESULTS

Practical scientific work on improving the method of diagnosing the state of the sliding contact
formed by the contact wire and contact insert of the pantograph under the conditions of bench tests
showed the following results:

Within the framework of the experimental part of the sliding contact on the amount of wear of its
elements; the relationship between the amount of wear along the height of the contact wire and the
temperature in the area of the sliding contact was established.

Statistical data on the amount of wear and temperature of sliding contact elements, processed with
the help of generally known methods of mathematical statistics, formed the basis of the analytical
dependence between the temperature regime in the contact zone and the amount of wear of the contact
wire.

Based on the dependences of the contact wire wear and the number of passes of the disk of the test
bench, a simplified resource model of the sliding contact of the electric vehicle, when using a specific
type of pantograph inserts.

The contactless method of diagnosing the temperature of the sliding contact during the first stage
of the test allows us to obtain a heating time constant. The comparison of this constant with the same
indicator for the reference sample allows us to conclude that it is appropriate to conduct a full test
cycle for the contact insert of the pantograph that was tested.

Thus, it is proposed to add the following to the standard methodology of bench tests of elements
of sliding contact for wear value:

To divide the testing process into two stages (preliminary and main);

To make an assessment of feasibility of conducting a full cycle of tests at the first stage, based on
monitoring the thermal state of the sliding contact and the resource model for this type of contact
insert;

The proposed changes to the standard method of conducting bench tests do not require significant
additional financial costs, increase in time and complication of the procedure. It will allow to speed
up the tests, reduce the consumption of electrical energy. It will also allow the manufacturers of
contact inserts to improve quality due to accelerated initial control, which should be supplemented
by a bench test procedure for determining the wear of sliding contact elements in the amount of
10,000 passes of the test bench disk with contactless monitoring of the thermal state of the contact.

S. CONCLUSION

The result of a comprehensive study of the process of wear of the contact wire during bench tests
of contact inserts of electric transport pantograph is the following scientifically substantiated
recommendations.

1 . It is suggested to monitor the temperature value at the point of contact using non-destructive
methods. In particular, use a thermal imager or pyrometer.

2. It is advisable to conduct the tests in two stages. The first — preliminary tests, the second — main
tests. During the preliminary tests, it is recommended to constantly monitor the temperature in the
contact zone at regular intervals. As a recommendation, to set such an interval as one minute.
According to the temperature monitoring data, determine the heating time constant and compare it
with a similar indicator of the reference sample of the contact insert. As a reference sample, it is
proposed to use “Sample Nel”, as the one that has shown the smallest wear of the contact wire and
did not lead to exceeding the permissible value of the temperature of the contact wire. Samples during
the tests of which temperature excess was not recorded, are allowed to undergo the second stage of
tests.



3. The duration of the first stage of testing is recommended to be set at 10,000 revolutions, and for
the second — from 10,000 to the normative 500,000 revolutions of the bench disc.

4. According to the results of statistical data processing, when measuring contact wire wear, it is
recommended to set up the number of measurements to at least three, for each of the experimental
points where measurements are made. Further determination of the average value should be made
and compared with the normative one. The expediency of such an approach is justified by the
conformity of the wear process of the contact wire with the normal law, which was proven during
research.

Implementation of these recommendations will increase the effectiveness of bench tests — first of
all due to a possible reduction of test time.

For example, if at the first stage of testing (10,000 disk passes) it is established that further testing
of the insert samples in full (500,000 disk passes) is impractical due to temperature excess or
increased wear of the contact wire, then the savings of time to test fund will be almost 98%.

Thus, the use of the proposed recommendations will increase the efficiency by eliminating
unnecessary costs, when conducting potentially unsuccessful tests, the feasibility of which in full is
questionable.

The second factor that improves the efficiency of bench tests is contactless temperature control in
the high-current contact zone in combination with a predictive wear model (2). This feature is
particularly valuable for manufacturers of contact inserts of pantographs, as it will allow, already at
the first stage of testing, to determine those samples that allow obtaining minimal wear of the contact
wire.
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