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TO THE EMERGENCY STOP OF THE TRAIN IN CASE OF DERAILMENT

The current state of the technical base of Ukrainian railways is characterized by the critical deterioration of
the rolling stock. Locomotives and cars of worn-out types lose their initial running properties over time and
cause an increased impact on the train structure, thus creating a direct threat to the safety of the trains. In
order to maintain the existing rolling stock in a condition that ensures that it meets the requirements of
operational safety, technical solutions are required, which are taken on the basis of a scientific substantiation
of their effectiveness, first of all from the point of view of ensuring the safety of traffic.

Prospective plans for renewal of the fleet of vehicles involves the supply of traction rolling stock (TRS) and
cars with improved technical characteristics. Because of the lack of current system of admission to the
operation of new rolling stock, which would meet international standards for the requirements of traffic
safety, at the time of renewal of the appropriate regulatory framework. For this purpose it is necessary to
develop methods and means of evaluation of the characteristics of the rolling stock with the ultimate goal of
ensuring the safety of the trains.

The work is devoted to the further development of methods and means of scientific research aimed at solving
the scientific-applied problem of ensuring the technical operation of the vehicle fleet as modernized by
scientifically grounded technical solutions, as well as the new generation.

The work presents a technical solution for improvement of the device for emergency stop of the train when
the car is derailed by the fact that as a spring two rod magnets are used, one of which is fixed in the body of
the pneumatic cylinder and the other on the seismic mass, and the core permanent magnets are directed one
on one by one poles, which will ensure increased reliability and speed of the device. The use of the proposed
design will increase the reliability and speed of the device for emergency stop of the train when the car is
derailed, which contributes to improving the safety of the trains.
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Statement of the problem. Railway transport is considered to be the safest mode of transport. However, a more
substantial analysis shows that in terms of safety of movement the railway transport is the third after the automobile and
air transport. This is mainly due to the fact that the current state of the technical base of Ukraine's railways is
characterized by the critical deterioration of the rolling stock. Locomotives and cars of aged types over time are losing
their initial performance and cause a greater impact on the collinear structure, thereby creating a direct threat to the
safety of the train operation. In order to maintain the existing rolling stock in a condition which ensures that it meets the
requirements of operational safety, technical solutions are required, which are taken on the basis of a scientific
substantiation of their effectiveness, first of all from the point of view of ensuring the safety of traffic. According to
long-term plans for renewal of the fleet of vehicles ahead of the supply of traction rolling stock (TRS) and cars with
improved technical characteristics. Because of the lack of current system of admission to the operation of new rolling
stock, which would meet international standards for the requirements of traffic safety, at the time of renewal of the
appropriate regulatory framework. For this purpose it is necessary to develop methods and means of evaluation of the
characteristics of the vehicle structure with the ultimate goal of ensuring the safety of the trains. Statistical data indicate
a significant number of casualties and fatalities as a result of accidents of passenger trains. Emergency situations during
the transportation of hazardous and particularly hazardous materials on the railways lead to significant destruction,
contamination of the area and the exposure of large masses of people to toxic substances. At liquidation of
consequences of such incidents besides organization of medical aid it is necessary to carry out a complex of nature
protection measures.

The number of accidents is constantly increasing from year to year (sometimes by a few percentage points and
sometimes by tens of percentage points). For example, the number of accidents on the railway in 2015 increased by
42%, which may have led to the decision to reduce the number of reports on accidents in order not to attract the public's
attention. As for the investigation of the events, Ukrzaliznytsia (UZ) conducts them independently, and there is no
information in the media about the results of the investigation. It is only known that in 2019 6 employees of UZ were
dismissed, another 705 employees were released. Information about criminal prosecution is confidential.

The most frequent incidents include derailment of rolling stock, collisions, crossing obstacles at crossings, fire
and explosions in cars. Do not exclude the disruption of railway wheels, collapse, landslide, wreckage. When
transporting non-hazardous cargo, gases, easily explosive, flammable, poisonous, poisonous and radioactive substances,
there may be explosions, burns of tanks and other carriages. It is very difficult to eliminate such accidents.

According to the "Instruction on the organization of emergency works when eliminating the consequences of
transport accidents on the railways of Ukraine" [1] — the failure of the tires of the rolling stock of the railway transport
is an accident, which resulted in the loss of interaction of at least one wheel of the railroad vehicle rolling stock as a
result of displacement of the wheel from its normal position to the head of the rail.

Emergency situations on railways, which are associated with the descent of units of the rolling stock from the
racks, depend on many reasons of both individual and sub-individual nature [2, 3, 4]. The level of operational safety of
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the rack units in the mechanical sense is determined mainly by the reserve of their stability in case of derangement from
the racks [5]. Therefore, in the field of mechanics of rolling stock, the role of scientific and research work on studying
the interaction of the rolling stock and the stake remains highly relevant at all stages of the development of rail
transport. In the mechanical sense, the safety conditions of the trains are directly related to the dynamics of the rolling
stock, namely to the problems of their lateral wobbles [6, 7, 8].

R. Diomin's scientific works [9, 10] presented the concept of assessment of the risks of the vehicle mating from
the racks, which combines the identification of mechanical risks of mating with the technology of computer modeling
of the vehicle mating dynamics. It is recommended to use the suggested approach to assess the risk of the rolling stock
convergence from the rails for prompt determination of the significance of the convergence factors and formation of the
overall normative requirements, which ensure the guaranteed level of safety of the trains' operation.

Work methods. Investigation of ways and solution of scientific-applied problem of ensuring technical operation
of the vehicle fleet both modernized by scientifically grounded technical solutions, and the new generation, which will
allow to ensure increased reliability and speed of response to emergency situations and contribute to improved safety of
the trains.

Definition of the study. In order to achieve the set goal it is necessary to solve the following tasks:

1. To analyze the existing devices and methods of emergency train stopping at car derailment, identify their
advantages and disadvantages.

2. On the basis of the obtained data, modify the device for the emergency stop of the train when the car is
derailed by using two Kilted permanent magnets as a spring.

Main part. As a technical factor contributing to the solution of the train safety problem, the task is to improve
the system of emergency train stop at car derailment by using the principally new device for emergency train stop at car
derailment [11].

The device for the emergency stop of the train at the derailment of the car (Fig. 1) consists of the body 1 of the
pneumocylinder, the crank 2, on the inner surface of which a ring magnet 3 is installed, as well as the button 4 for
turning the device to the output position is mounted. In the middle of the body 1 is a stem-valve 5, to the top of which
the seismic mass 6 is attached. The torsionally fixed torsion magnets 7, 8 attached to housing 1 and seismic array 6 and
facing one another with the same poles, keep the seismic array 6 in a certain position. The core permanent magnets 7, 8
and the seismic mass 6 are located in the chamber 9. Between the body 1 and the stem-valve 5 there are sealing rings
10. In the lower part of the stem-valve 5 there is a cavity 11. The stem-valve 5 is moved in the cavity 12. The device
includes a channel 13 which connects the chamber 9 to the lower part of the body 1 and the openings 14 which connect
the cavity 11 to the cavity 12. Also in the lower part of the housing 1 there are openings 15, which are used to release
air from the pipeline into the atmosphere, i.e. to discharge the pipeline when the device is in operation. A flange 16 is
attached to the lower part of the housing 1, which is connected to the gas pipeline. Flange 16 has a valve seat 17. The
lower end part of the stem-valve 5 together with the seat 17 creates a pneumatic valve.
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Fig. 1. The device in the output state (vertical section)



In the normal mode of car run, the vertical displacement of the car ends is relatively small, the stem-valve 5 due
to the seismic mass 6 is pressed to the seat 17 of the valve, as a result of which the galmoving magistral is isolated from
the atmosphere. The air from the gas main is flowing through the flange 16 to the empty stem-valve 5. In this case the
pneumatic valve will be closed. The core permanent magnets 7, 8 act upon one another with a force which pushes the
seismic mass 6 upwards, this force F is a little less than its shaft P, therefore the seismic mass 6 is in the output position.
As a result, the difference of forces (P-F) acts on the seismic mass 6 in the vertical direction, by which the pneumatic
valve is pressed against the seat 17.

At the moment of movement the end of the car body moves downwards with a certain acceleration. The device
mounted on it also moves (Fig. 2). The seismic mass 6 will remain intact for some time due to its inertia, and the
housing 1 of the device will move downward relative to this mass, which is tantamount to shifting the seismic mass 6
with respect to the housing 1 above. At the same time the weight of the seismic mass 6 will decrease and the magnetic
force will push it upwards. The pneumatic valve starts to open and the air from the gas pipeline flows through the
channel 13 into the chamber 9, thus generating an excessive pressure, which is equal to the air pressure in the
galmoving magistral, as a result of which the seismic mass 6 will move upwards under the force of the pressure to the
contact of the magnet 3 and will be held by it. In this case, the pneumatic valve will be completely open and the air
from the magistral through port 15 will enter the atmosphere, as a result of which there will be an extraordinary
galumph of the train. The magnitude of the force of the interaction of the stationary ring magnets 7, 8 is set to ensure
sufficient pressure on the valve seat 17, and at the same time that the seismic mass 6 in the normal course was at rest.
When the seismic mass 6 is shifted upwards, the return button 4 also moves up, signaling that the device is working.
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Fig. 2. The device that worked after the wagon wheels came off the rails

Thus, the device will work in the event of large vertical wobbles of the car body, which will cause overheating or
simply jeopardize the safety of the journey. Button 4 makes it very easy to find the place in the train where an
emergency situation has occurred. To make the device operational, the seismic arm 6 is rotated to the output position by
pressing button 4. Thus, the stem-valve 5 with seismic mass 6 and a ring permanent magnet 8 during the movement of
the train remain unchanged, and move only in case of a trip. Therefore, wear of elements of the device (for example, the
surface of the stem-valve - the wall of the empty, in which it is moved) is practically absent, which in turn increases the
guaranteed service life.

Conclusions. The device for emergency stop of the train at the car derailment by using two kilted permanent
magnets as a spring is presented, protected by the patent of Ukraine Ne120252 , the improvement, one of which is fixed
in the body of the pneumatic cylinder and the other on the seismic mass, and the core permanent magnets are directed
one on one by one poles, which will ensure increased reliability and speed of the device. The use of the proposed design



will increase the reliability and speed of the device for emergency stop of the train when the car is derailed, which
contributes to improving the safety of the trains.
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Tlomounuii cman mexuiunoi 6asu 3anizHUYyb YKpainu xapaxmepusyemvcs KPUMUYHUM 3HOCOM PYXOMo2o ckaady. Jlokomomueu i
8A20HU 3ACMAPINUX MUNI6 3 YACOM 6MPAYAOMb NOYAMKOSI X0008i AKOCMI I CHPUYUHAIOMb NIOBUWEHULl 6NAUE HA KOMIUHY
CMPYKmMypy, CIMEopIoyu MuM camum npamy 3azposy besneyi pyxy noizoie. [Jns niOompumanusa HAsI8HO20 PYXOMO20 CKIAOY Y CMAHI,
WO 2apaHmoBaHo 3a0080JbHAE BUMO2AM eKCHIYAmayiliHoi 6e3nexku, HeoOXiOHI mexHiuHi PileHHs, WO NPULLMAlOMbCA HA OCHOSI
HAyK08020 0OIPYHMYSAHH IX eheKmueHoCmi, nepul 3a 6ce 3 MouKu 30py 3a6e3neuents 6e3neKu pyxy.

3a nepcnexmusHuMU NAGHAMU OHOBNEHHS NAPKY MPAHCHOPMHUX 3ACO0I8 Nepeddauacmvcsi NOCMABKA MA208020 PYXOMO20 CKAAOY
(TPC) i saconis 3 noninuieHumMu mexHiuHumMu xapakmepucmuxamu. Yepes giocymuicmo cyuacHoi cucmemu OONYcKy 00 eKCniyamayii
HOB020 PYXOMO20 CKIAOy, KA O 6i0N08Ioana MidNCHAPOOHUM HOPMAM 3A 8UMO2AMU Oe3neKu pPyXy, HA 4Yaci OHOGIEHHs 8I0ONOBIOHOI
Hopmamugnoi 6asu. /s yb020 HeoOXIOHO po3sugamu Memoou i 3acobu OYIHKU XAPAKMEPUCUK PYXOMO20 CKAAOY 3 KiHYegolo
Memoro 3abe3nedenns be3neKu pyxy noizois.

Poboma npucesuena nooanvuiomy po3eumky memoois i 3aco0i@ HAYKOBUX O0CNIONHCeHb CHPAMOBAHUX HA GUPIULEHHS HAYKOBO-
NPUKIAOHOT npobremu ybe3neyeHHs mexHiuHoi eKCnaIyamayii pyxomozo ckiady Ak MOOEPHI308aH020 304 HAYKOBO OOIPYHMOBAHUMU
MEXHIYHUMU PIUUEHHAMU, MAK | HO8020 NOKONIHHA.

Y pobomi npeocmasneno mexuiune piuienHs 600CKOHANIEHH NPUCMPOIO ABAPIUHOI 3YNUHKU NOi30a npu cx00i 6a20HA 3 Peliok
WISXOM MO20, WO K NPYACUHY 3ACMOCOBAHO 08 KLIbYesl NOCMIUHI MAZHIMU, 0OUH 3 AKUX 3aKPINJIeHUIl 8 KOPNYCi NHEGMOYUIIHOPA,
a THWULl HA CEUCMIYHIL MACI, nPpUYoOMy Kilbye6i NOCMIUHI MAZHIMU HANPAGNeHl 00UH HA 0OHO020 OOHOUMEHHUMU NOJIOCAMU, U0
3abe3neuums NiOGUWEHHs HAOIIHOCMI Ma WeUOKooii npucmpoio. Buxopucmauns 3anponoHoganoi po3pobxu 3abe3neuums
niosuleHHs. HadiliHOCMI ma WEUOKOOIi NPUCMPOIO a8apitiHoi 3yNUHKYU Noi30a npu cxo00i 8a20HA 3 PelloK, W0 CNpUsE NIOBULYEHHIO
be3nexu pyxy noizois.

Knruoei cnosa: asapiiini cumyayii, excniayamayis, msaeoeuil pyxomuti ckiao, be3nexa pyxy noisois.
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