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Abstract. The theme of the article was chosen due to a large number of failures of the rubber-cord coupling for
traction drive of ER2T series electric multiple unit (EMU) trains. The number of failures was summarized on the
basis of the railway company JSC “Pasazieru vilciens”, operating on the Latvian railway, reports on unscheduled
repairs for the period from 2015 till 2020. In the presented article we will discuss the determination of the reasons
for ER2T series EMU trains rubber-cord coupling failure. The object under study was a rubber-cord coupling,
which was out of order and taken after unscheduled repair from a motor car No. 2207-02. Based on the results of
the test trial on 23.07.2020, the heating temperature of eight rubber-cord couplings was determined on four
carriages of the ER2T series train No. 7115R on the route Riga-Jelgava. The shear stress ts and the radial load F,
acting on the coupling during movement are determined. In the RTU laboratory, the geometric dimensions of the
coupling have been determined, the influence of the lubricant action and the temperature effect on the mechanical
properties of rubber have been investigated. Based on the research results, the reasons for the failure of the traction
drive rubber-cord coupling were analyzed and conclusions were drawn about its possible failure. The research
results are compared with standard requirements.
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Introduction

The rubber-cord coupling [1] is used to transmit the torque from the traction motor to the wheelset
gearbox and is attached to the flanges mounted on the traction motor on one side and the small gear
shaft of the traction gearbox on the other side. During the movement of the EMU train [2], the rubber-
cord coupling of the traction drive is subject to various dynamic loads associated with the speed and
mode of movement (traction, coasting, braking), as a result of which the rubber-cord coupling may fail.
The intensity of the action of these loads in the conditions of suburban traffic is very high, since the
mode is being implemented all the time:

e acceleration up to the necessary speed on the section;
e coasting;
e braking to a full stop.

Depending on the occupancy of the car, the rubber-cord coupling of the traction drive may undergo
significant misalignment of the shafts, moreover, in the conditions of Latvia, it operates in the
temperature range from -20 °C to + 30 °C and is exposed to the gear lubricant as a result of its ejection.
As a result of these factors, the properties of rubber can deteriorate and significant stresses can arise in
the material of the rubber-cord coupling, resulting to the coupling fail.

At the company JSC “Pasazieru vilciens” operating on the Latvian Railway, the second most
important reason for unscheduled repairs of ER2T series EMU train motor car traction gears is the failure
of the rubber-cord coupling shell, Fig. 1.

Fig. 1. ER2T car rubber-cord coupling side surface damage
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According to the data presented in the JSC “Pasazieru vilciens” reports on unscheduled repairs,
during the period from 2015 till 2020, there were 128 cases of unscheduled repairs of ER2T series motor
due to traction drive failures, of which 28 cases were damage to the rubber-cord couplings casing [3].
The analysis of the statistical data is shown in Fig. 2.
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Fig. 2. Number of unscheduled repairs in traction drives and rubber-cord damage 2015-2020

The graph in Fig. 2 shows the total number of unscheduled repairs of the traction drive of the ER2T
series EMU trains, in comparison with the total number of unscheduled repairs of the traction drive due
to the rupture of the rubber-cord coupling shell. Failures of the rubber-cord coupling are more than 21%
of the total number of traction drive failures.

It is important to reduce the number of unscheduled repairs, associated with the elimination of the
rubber-cord coupling damage consequences, which are related to high labor intensity and high financial
costs for replacement, as well as downtime of motor cars for unscheduled repairs, which can be up to
two days. In this regard, it becomes necessary to study the appearance of the causes of rupture of the
rubber-cord coupling shell. Also, additional questions arise regarding the study of the temperature effect
and the effect of MOL Alugear LKP 000 gear wheel lubricant on the coupling and the compliance of
the rubber-cord coupling material quality with the requirements of GOST 33188-2014 standard.

Research methods

To determine the causes of failures a rubber-cord coupling, removed from the motor car ER2T
No0.2207-02 after unscheduled repair due to a rupture of the side surface (Fig. 3), was taken for research.

Replacement of the cord coupling according to the repair rules L31/97 [4] should be carried out
during the type TR-3 periodical repair in October 2019. The car, after being repaired in the volume of
TR-3, was put into operation on October 29, 2019, but already on July 20, 2020, while performing type
TA-3 maintenance, a rupture of the side shell of the rubber-cord coupling was noted.

Fig. 3. ER2T 2207-02 damage to the side surface of the ER2T 2207-02 motor car rubber cord

During visual inspection, it was found that on the coupling from the side of the traction motor, at
the place of torque transmission, there is a presence of grease on the side surface of the coupling. Cracks
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and ruptures of the side surface of the coupling were also found along the entire circumference not far
from the place where the coupling was attached to the flange. This type of failure associated with the
destruction of the shell in the circular section at the clamping of the flanges is the most common failure
of the coupling, and accounts for more than 90% of the total number of failures of the of ER2T series
EMU train couplings. According to the mileage reports (PVR4-template) [5] the failure of the rubber-
cord coupling occurred when the car reached the mileage of 97598 km. It should be noted that when
installing a new coupling, in accordance with GOST 33118-2014 requirements, the mean mileage
between failures must be at least 200 thousand km. When analysing the statistical data of the JSC
“Pasazieru vilciens” motor cars mileage (PVR-4 template), on which failures of rubber-cord couplings
were found, it was revealed that the mean mileage between failures of the couplings was:

2015 — 112.2 thousand km:;
2016 — 116.2 thousand km:;
2017 — 118.5 thousand km:;
2018 — 124.3 thousand km:;
2019 — 128.03 thousand km;
2020 — 126.08 thousand km.

In the period from 2015 till 2020 with a mileage of more than 200 thousand km at the time of the
failure, only 3 failures of rubber-cord couplings out of 28 couplings were revealed (which is just over
10% of all failures). One possible reason for the failure of rubber-cord couplings in the mileage range
from 112 to 126 thousand km is their untimely replacement with new during type TR-3 repair, and the
replacement of the couplings was carried out according to their actual state instead.

To determine the temperature of the rubber-cord coupling in the real operating conditions, on
23.07.2020, a trial was carried out on a 4-car ER2T series EMU train No. 7115R on the route Riga —
Jelgava. The results of measurements, the temperature of the outer shell of the rubber-cord coupling are
shown in Table 1.

Table 1
EMU train ER2T 7115R cord coupling temperature for cars No.7114-04; No.7115-10
Air temperature | Wheels Car No. 7114-04 Car No.7115-10
at Jelgava No. rubber-cord coupling rubber-cord coupling
station t, °C temperature t, °C temperature t, °C
1 +40.2 +43.1
2 +37.8 +37.0
0
NSRS 3 +39.2 +40.2
4 +40.4 + 38.6

According to the results of the temperature measurements and visual inspection of 8 rubber-cord
couplings of an EMU train, the presence of grease and signs of temperature caused aging, as well as the
presence of small cracks on the side surface was established. The mileage of the cars from the type TR-
3 repair at the time of the temperature measurements were:

e car ER2T 7114-04 — 200420 km;
e car ER2T 7115-10 — 228034 km.

It is possible that under more severe operating conditions, such as the maximum occupancy of cars
and the ambient temperature more than + 30 °C, the temperature of the cord coupling can reach more
than + 60 °C.

The research process of the rubber-cord coupling consisted of four stages.

1. At the first stage:
e preparation of the rubber-cord coupling material for the research;
o determination of the geometric dimensions of the coupling and comparison of the data obtained
from GOST 33188-2014 standard.
2. At the second stage, the theoretical determination of the shear stress and radial load acting on the
coupling.
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3. Atthe third stage — research in the RTU laboratory, determination of Shore hardness depending on
the temperature of the rubber cord in the range from —20 °C to + 60 °C. And also the influence study
of the gearbox lubricant “MOL Aluger LKP000” on the outer shell of the rubber-cord coupling.

4. At the fourth stage of the study — making the main conclusions about the causes of rubber-cord
coupling rupture.

At the first stage, the geometric dimensions of the rubber-cord coupling were determined, the
diameter of the outer surface of the coupling, the inner diameter and the thickness of the flange were
determined, Fig. 4. To determine the geometric dimensions, two fragments were cut from the coupling.

Fig. 4. Preparation of the rubber cord coupling for measurement
The measurement data are shown in Table 2.

Table 2
Determination of the geometric dimensions of the coupling
Measurement value
Measurement Test sample, Parameters of GOST
mm 33188-2014, mm
Diameter of the outer surface of the coupling 524.1 5202
Inner diameter 319 319,*?
Flange thickness 28.4 28.,%2

According to the results of the measurements it was stated that the dimensions of the investigated
coupling in terms of the diameter of the outer surface and the thickness of the flange do not meet the
requirements of GOST 33188-2014. The thickness of the flange was 28.4 mm, Fig. 5.

Fig. 5. Flange thickness measurement results

Also, when measuring the side surface of the coupling, it was stated that at the point of attachment
of the rubber-cord coupling to the flanges, where the traction force is transmitted from the traction motor,
the coupling shell has the smallest wall thickness. According to the measurement results, the side surface
of the coupling has the smallest thickness, which was 19.4 mm, Fig. 6.
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Fig. 6. Result of measuring the side surface of the coupling at the fastening place
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At the second stage, the determination of the shear stress z; and the radial load F; acting on the cord
coupling during movement was done. The most common failure of the coupling associated with the
destruction of the shell in the circular section at the clamping of the flanges arising during the
transmission of torque are the acting shear stresses of the twisting shear .

Shear strength of the shell:

2000-M
- 3L y 1
= <l )

b=19.4 mm -z = 0.287 MPa
b=21.5mm -1z =0.260 MPa

where [z] — permissible shear stresses of the shear in the shell = 0.45-0.50 MPa [6];
b — shell thickness together with shear = 19.4 mm;
D: — diameter of the coupling at the point where the coupling is attached to the
flange = 0.45 m.
Ma — torque on the rotor shaft, N-m.

M, =0.159- 27 _17775N-m )
n
where P — traction motor power = 258.75 kW;
n — traction motor speed = 20.83 rotation-s;
n — efficiency of the traction motor = 90%.

With the frame supported suspension of the traction motor, part of the traction motor weight rests
on the rubber-cord coupling, as a result of which the gravity force of the engine acts on the coupling at
the attachment point which stretches it [7]. When a large number of passengers are transported in a
carriage (during morning and evening rush hours, as well as in the summer season), the shaft of the
traction motor is displaced in relation to the shaft of the small gear of the gearbox. The coupling
compensates this misalignment of the shafts and, as a result, an additional radial load F; arises in the
coupling material.

F. =(0.1..0.3)-F'=0.2-6.83-10° =1.36-10° N (3)
where F,’— circumferential force on the coupling shell, N.

F;:ﬁD'Ma=6.83-106 N 4)

where D — coupling diameter = 0.52 m.

According to the calculations results to determine the radial load acting on the rubber-cord coupling
it was found that with a large misalignment of the shafts, the rubber-cord coupling is subject to a large
value of the radial load, as well as when the torque is transmitted — in the place of the coupling fastening
to the flanges, it experiences shear stresses of the twist.

Determination of the effect of “MOL Alugear LKP 000 lubricant and temperature on the hardness
of the rubber-cord coupling material.During the operation of the traction gear of the ER2T series EMU
trains, as a result of the labyrinth rings surface wear, the gear wheels lubricant MOL Alugear LKP 000
is ejected and, as a result, a part of the lubricant falls on the outer side surface of the coupling, Fig. 7.

Fig. 7. Leakage of grease from the gear unit on the car ER2T 7117-08

285



ENGINEERING FOR RURAL DEVELOPMENT

Jelgava, 26.-28.05.2021.

To study the effect of MOL Alugear LKP 000 lubricant, tests were carried out to determine the
hardness of rubber-cord couplings sample 1 and sample 2 (Fig. 8) in the chemical laboratory of the RTU.
Also, studies have been carried out on the temperature effect on the shell of the rubber-cord coupling

[8].

a

Fig. 8. Samples for determining the influence of temperature and the action of the lubricant:
a— Sample 1, b — Sample 2

The data obtained were compared with the GOST 33188-2014 standard requirements. The test data

are given in Table 3 [9].

Table 3
Revealing the effect of lubrication and temperature on the hardness
of rubber-cord coupling specimens
Measurements
(average) | (average) | (average) | 33188-2014
Sample 1 top 65 60 - 50.0-65.0
Sample 1 middle part 52.7 52.42 - 50.0-65.0
Sample 1 lower part 66.5 66.5 - 50.0-65.0
Sample 2 top 61 - 66 50.0-65.0
Sample 2 middle part 56 - 62 50.0-65.0
Sample 2 lower part 66 - 71.5 50.0-65.0
Samp 3 MOL Alugear LKP 000 middle part 49 45 52 50.0-65.0
Conclusions
1. The first possible reason for failure of the coupling, when reaching the mileage of 97 thousand km,

is not timely replacement with a new one during type TR-3 repair, and the coupling was replaced
on the basis of its actual condition instead.

As a result of the measurements, it was found that the diameter of the outer surface of the coupling
2.1 mm did not correspond to the requirements of GOST 30188-2014 standard. Since the failure of
the coupling occurred in the summer season, when there is a large load of cars by passengers, the
second possible reason for the failure was the appearance of an additional radial load in the material
of the rubber-cord coupling. According to the results of calculations to determine the radial load
acting on the rubber-cord coupling it was found out that a large value of the radial load F, leads to
stretching of the lateral surface, an increase in the size of the coupling and, accordingly, to rupture
of the rubber-cord coupling.

When carrying out calculations to determine the shear stress z, it was found that with an increase
in the thickness of the coupling shell from 19.4 mm to 21.5 mm, the contact stress at the point of
attachment of the coupling decreases from 2.882-10° to 2.6 -10° (by 0.26 MPa). To prevent rupture
of the coupling shell at the attachment point, it is necessary to consider measures to increase the
thickness of the side surface of the coupling by 10% at the point of attachment to the flanges of the
traction motor and the small gear.

The third possible reason for the failure of the coupling is the overestimated hardness according to
the Shore method at all studied temperatures in the lower part of the samples (that is, in the place
where the coupling is attached to the flange). For 1 specimen, the lower part, the discrepancy by
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1.5 con. units at temperatures t + 23 °C and t + 60 °C, the hardness was 66.5 con. units. 2 samples
— the lower part, not corresponding to 1 unit, the hardness was 66 con. units, at a temperature
of + 23 °C and 6.5 con. units, at a temperature of —20 °C and amounted to 71.5 con. units.

The fourth reason for the failure of the coupling is the possible effect of lubricant on the outer
surface of the coupling shell, as a result of which there is a partial absorption of lubricant by the
outer cover layer of the coupling — “swelling”. The increase in the volume of the coupling was
ascertained from the results of measurements of the flange thickness, which was 28.4 mm, which
by 0.2 mm does not meet the requirements of GOST 30188-2014 standard. Also, according to the
results of measuring the hardness by the Shore method, for a sample treated with MOL Alugear
LKP 000 lubricant at a temperature of + 60 °C, it was found that the hardness did not meet the
requirements of GOST 30188-2014 standard by 5 con. units, the hardness was 45 con. units.
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