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Abstract

Analyzed in the article a brief history, current status and scientific-practical perspectives of creation of a modern
fleet of diesel trains for high-speed traffic. It is shown that not the economy use of locomotive traction in the suburban
movement and the prospect of writing off in the next decade, significant quantities of diesel trains, which are now operat-
ing on the Eurasian Railways, more acutely raises the question of creation of new rolling stock for commuter traffic with
modern traction gear. Consequently, the analytical study of current trends to build diesel trains, analysis and comparison of
different types of traction, causing the main prospects of scientific research in the relevant fields of science. This study
allows determining basic directions of development of diesel rolling stock, which will create progressive design practical
solutions on the basis of scientific researches of scientists in this field.
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Annomauyus

B craTpe IpOoaHATIN3UPOBAHBI KpATKad UCTOPUA, COBPEMCHHOC COCTOSHUC U HAYUYHO-IPAKTHUYICCKUC MNCPCIICKTHUBLI
CO3/1aHNd COBPEMEHHOI'O MapKa AU3CJIb-TIOC3A0B AJIsI CKOPOCTHOI'O JABUIKCHUA. HOKaSaHO, YTO HCOKOHOMUYHOCTH HUCIIOJIb-
30BaHMS JIOKOMOTHUBHOM TSTH B MIPUTropoaHOM ABUIKXCHUU U MECPCIECKTHBA CIIMCAHUSA B OJmKaiiee JACCATUIICTUC 3HAYH-
TCJIBHOTO KOJIMYECTBA AU3ECJIb-TIOC3A0B, KOTOPLIC CCTOAHA OKCIUIYAaTUPYIOTCA Ha eBpa3I/II>'ICKPIX JKCJIE3HBIX J0pOorax, BCC
OCTpEC CTaBUT BOIIPOC CO3JaHHA HOBOI'O IMOJABMKHOTO COCTaBa IJIsA MPUTOPOJHBIX IMEPEBO30OK C COBpeMeHHOﬁ TATOBOM
nepeﬂaqeﬁ. Bcenencteue 3TOro BBIMOJHEHO aHATUTHUYECKOE HCCIIEIOBAHUE COBPEMEHHBIX TEHIACHIINI K TMOCTPOCHUIO OU-
3CJIb-110C€3/10B, aHAJIM3 U CPABHCHUC PA3JIMYHBIX THUIIOB TATOBBIX MIEpeJad, B PE3yJbTAaTC YCTO BbIACICHBI OCHOBHBIC IICP-
CIICKTUBBI HAYYHBIX I/ICCJ'IG,Z[OBaHI/Iﬁ B COOTBETCTBYIOLIUX OTPACIIAX HAYKH. HpOBeZ[eHHOC HCCJIICAOBAHUE ITO3BOJIACT BBIAC-
JIMTb OCHOBHBIC HAIIPABJICHUSA PA3BUTHSA AU3CJIBHOI'O MOABHUIKHOI'O COCTaBa, KOTOPBIC MO3BOJAT CO34ATh HNPOIrpPECCUBHBIC
KOHCTPYKIHMOHHBIC MPAKTUYCCKUE PCHICHUA HA OCHOBC HAYYHBIX HU3BICKaHUHA YYCHBIX B Z[aHHOﬁ OTpaciiu.

Knroueswvie cnosa: nu3ens-noes]], TAToBas epeaayda, IPUropoIHOe ABUKEHNE, MOTOPBAarOHHBIH MOIBHKHOM cOCTaB, MO-
JIepHU3AIHsL, CKOPOCTHOE JIBHKECHHUE.

Railway transport is one of the basic sectors of the modern economy. Stable and efficient functioning in planning of
rail transport it is necessary to ensure the defence, national security and integrity of the state, improve the quality of life of
the population [1-4].

Currently the railway partially satisfy the needs of production and population in the transportation. Condition of the
production and technical base of Railways and technological level of traffic on many parameters does not match made
stuck the needs of the company and European quality standards for transportation services. This is obstructing water for
the further socio-economic development of the state [3-5].

The emergence of problems in the activities and development of railway transport due to a number of negative fac-
to-ditch, in particular the progressive ageing of the fixed assets. The average depreciation of fixed assets of the railway
transport is 56 %, including rolling stock - 68 %. Needs substantial upgrading of the infrastructure of Railways.
The strategic goal of the state policy in railway transport development is the creation of a competitiveness-potential of the
rolling stock, as well as modern domestic capacity to produce and repair, i.e. the reduction of dependence on import deliv-
eries of railway transport and spare parts [5].

Due to rising fuel prices is important modernization and updating of the Park of diesel trains [2, 4]. Priority direc-
tion of modernization is the development and introduction in manufacture of modern domestic aqueous diesel trains with
optimal energy consumption [6-8].

Diesel train is a kind railcar rolling stock powered by diesel. He used to check in suburban traffic on non-electrified
and partially electrified railway lines [5].

Diesel train develop counting on a wide variety of operating conditions in different countries and regional-States.
Currently, the prevailing view is that they are more attractive for passengers from the point of view of speed and comfort,



more economical and easier to use than trains on locomotive traction [9]. In this aspect the main advantages of diesel trains
are:
¢ negligible impact on the train the path through reduced axial loads;
e possibility of modular execution of bodies in General and accommodation of the equipment, including the equip-

ment of interiors;

lower life cycle;

high energy efficiency;

possibility of motion in both directions;

large acceleration values;

high reliability and availability;

the possibility of increasing passenger capacity at the expense of placement of major components and assemblies,

partly-do items traction transfer, under the car body [5].
Diesel trains classified by types of traction transfer (electrical, hydraulic or mechanical) and depending on structural
speed [10-13]. On diesel trains common series is used, as a rule, a hydraulic or electric traction transfer [5]. The transmis-
sion of power from the diesel engine to the wheel pair must have high reliability and durability, minimum size, weight and
cost, high efficiency in all modes of operation, minimal maintenance costs and repairs. For modern electrical transmission
is characterized by increasing capacity while maintaining almost the same size, and a reduction of the mass of transmission
elements. On diesel trains used electric power transmission permanent, AC-DC and AC currents [5].
The dispersion in the world practice has transmission DC. This is because the efficiency of electric transmission DC with
long-term operation mode at speeds up to 160 km/h is 84-86 %. But when speed diesel train over 160 km/h transmission
DC inferior AC transfer efficiency and energy indicators.

The transmission AC-DC is used for freight diesel trains high-power [14]. In the conditions of modernization of the
rolling stock of the world and increased speed diesel trains in over 160 km/h is increasingly being used as traction AC
power transmission [15]. Besides potions-trains with traction transmission of alternating current with the same mass as
with other kinds of gears develop greater thrust that allows using fewer motorized of car axles for the same mass of rolling
stock.

Currently in the world produces six types of diesel trains, designed to operate with maximum speed of 200 km/h.
Trains for traffic with higher speed is not designed as an area of high-speed movement almost completely electrified.

In the world of high-speed diesel train widely used in long distance and regional communications, especially on the
Railways of Germany (DBAG), the UK, Denmark (DSB) and Spain (RENFE) [1-5]. Common on such diesel trains are
diesel engines of type QSK9R Cummins. In some cases, the design speed of 200 km/h is not being fully implemented - so
dmus series IC3 on the Railways of Denmark and Sweden (SJ) are operated with a maximum speed of 180 km/h (traction
AC power transmission). At the same time, train family Venturio Siemens, the design of which has particularly high de-
gree of modularity, designed to operate with a maximum speed of 160 km/h with hydraulic and 250 km/h with electric
traction transfer [5] (traction AC power transmission).

In Germany are operated by diesel trains Alstom LHB (VT640, VT641) (traction AC power transmission), Siemens
(VT642) (traction AC power transmission), Bombardier Talbot (VT643, VT644) (traction AC power transmission),
Stadler/ Bombardier DWA (VT646) (traction AC power transmission), Adtranz (VT650, VT611, VT612, RS1) (hydraulic
traction gear) and some other models [1-5].

The world uses 18 types of diesel trains, designed to operate with a maximum speed of 120 to 160 km/H. Among
diesel trains in this high-speed category can be noted Saemaul/DHC 200 (design speed of 150 km/h, the Republic of Ko-
rea; hydraulic traction gear), Aln 776 (145 km/h, Italy; hydraulic traction gear), Endeavour (145 km/h, Australia; traction
transmission DC), BM/BS 92 (140 km/h, Norway; traction transmission DC), mddm (140 km/h, Germany; hydraulic trac-
tion gear), 5600 MT (140 km/h, Turkey; hydraulic traction gear) and MR/MRD (130 km/h, Denmark; hydraulic traction
gear) [5].

On the Railways in the UK operated diesel trains two-car trains series 158 and three-car train series 160, 165, 166,
170 (traction transmission DC). The company-operator Chiltern in the late 90-ies ordered the company Adtranz new four-
car diesel trains series 168 with hydraulic transmission. These diesel trains showed high reliability, annual mileage of each
of them is no less than 250 thousand km UK operators of passenger traffic Virgin North Western Train purchased 34 diesel
trains 220 series and 44 trains series 221, produced at the plant Bombardier in Brugge (Belgium). These diesel trains are
electric transmission of alternating current. This railcar rolling stock required for replacement of high-speed diesel trains
series C that are released after the electrification of roads Western UZB-Riga, as well as for replacement of suburban trains
on locomotive traction, which will allow to reduce expenses on exploitation, maintenance, repair and speed of motion.

On the Railways of France (SNCF) operated diesel trains XTER, A-TER, TER 72500 (traction electrode-transfer
DC). Trains series TER 72500 are designed to provide in the regional reports of the same level of comfort for passengers
and train TGV high speed communications. These diesel trains come in two variants: two-car and three-car [2-4].

In the framework of the program of improvement of regional messages Railways Spain chose for new diesel trains
TRD concept of trains series C Railways Denmark, which were built by the company Duewag in 1986-1987 But the com-
pany-manufacturer of ATS used in diesel trains trucks new design adapted to the wide gauge (1668 mm), replaced the air
cooling diesel engine water and set in traction hydraulic drive, not the guide-Romano transfer. Two-car diesel trains with
bodies manufactured from aluminium alloy, equipped with a mouth-stops air-conditioning. In the train four power unit
with a drive to one of the two wheel pairs skin-tion truck. The total order volume is 16 units. Annual mileage of each die-
sel trains is 120 thousand km of [5].



On the Railways of Russia and Belarus are operated the following series of rolling stock for urban, suburban of
spoluchen deposits: 1 (hydro-mechanical traction gear), DR1 (hydraulic traction gear), D-3, MDP, MDP, MDP, MDP (hy-
dro-mechanical traction gear), DPM, DT (hydro-mechanical traction data Dpsas, BCH, [DRB] (traction transmission DC).
Among them there are trains with locomotive traction.

Modern Russian diesel trains manufactured by JSC "Metrowagonmash” RA-1 and RA-2, RA have hydro-
mechanical power transmission. The modernized diesel train DB (Dpsas), produced by OJSC Demikhovsky engineering
plant” on the basis of two sections of the locomotive M, has traction power transmission DC. JSC "Torzhokskiy car-
building plant" produces diesel trains DT-1 (a power transmission DC).

A large number of diesel trains for Russia, Belarus, Georgia, Estonia, Latvia and Lithuania supplies of JSC "Riga
machine-building plant”, which produces diesel train DR hydraulic traction gear "Voith" is further development series
diesel trains DR1, DRP, DRA, DRB.

In Ukraine, operated models diesel trains that remained from the times of the USSR (D1, DR1, D-3 and others), as
well as domestic developments of production of JSC HC "Luganskteplovoz".

In the period from 1997 to 2003 JSC HC "Luganskteplovoz" have created new types of rolling stock for Railways:

o diesel train locomotive traction DPL with modernized section of the locomotive ME and trailer leading car with
control cabin. The prototype was built in 2001, adopted by the interdepartmental Commission and launched into
production;

o diesel train locomotive traction DPL with modernized section of the locomotive 2TE116 and trailer leading car
with control cabin. The prototype was built in 2001, adopted by the interdepartmental Commission and launched
into production;

o diesel train DEL-01 with AC power transmission. The prototype was manufactured in 1998. After implementation
of the set of acceptance tests and finishing work was discontinued;

o diesel train DEL-02 (Fig. 1.1) with AC power transmission. The prototype was built in 2003, adopted by the in-
terdepartmental Commission and launched into production.

Fig. 1. Appearance diesel train DEL-02

On modern diesel trains to improve passenger comfort you need to install a more powerful diesel engines on the ba-
sis of 40-50 kW with an additional one car to the necessary power for traction (for use air-conditioning, internal hardware).
New diesel trains are supposed to be used to combination-scheme of connection of the train. This will put six trucks
fivecars with simplified bodies instead of four-cars on eight carriages. The length of the trains will remain the same, which
will allow using existing platforms, the way station and depot. This principle the connection provides the following ad-
vantages in comparison with usual connection:

e increases the width of the car-to-car navigation;

¢ by reducing the number of platforms increased the number of seats on the average on 13 %;

¢ reduction of time of boarding and landing at the expense of wider doors;

e better grip of the train rails (increase axial loads in the regulatory limits, because the train weight will remain the
same, while the number of trucks will be reduced);

¢ high dynamic response to the roughness of the way through the mass concentration of the two-cars in one car-
riage;

e increase space for under-car equipment [13].

However, the disadvantages of such diesel trains include:



o the presence of a larger number of air conditioning installations;

e complex inter-tow hitch;

o the necessity of re-equipment depot for repair of this rolling stock [3-5].

Not the economy use of locomotive traction in the suburban movement and the prospect of writing off in the next
decade, significant quantities of diesel trains, which are now used on Ukrainian Railways, more acutely raise the question
of creation of new rolling stock for commuter traffic. On average, the demand for suburban railway transportation is satis-
fied in Ukraine 70-75 %, and in summer, weekends and holidays by 50-60 %. In recent years, the technical condition of
the rolling stock acquired a critical state because of shortage of spare parts and the virtual absence of updates. This fully
applies to the state of diesel trains, approximately 50% of the cars which are worked out their resource and require excep-
tions to the inventory Park, as not providing the requirements of traffic safety and the desired comfort level [5].

According to [5] provides that the use of domestic scientific-technical potential of Ukraine for the production of
modern competitive freight and passenger diesel trains and technical modernization of railway transport, as a result of the
reform, will create conditions for the implementation of the State program of reforming the railway transport.

In operation on the Odessa railway are series DEL-02 production JSC HC "Luganskteplovoz". Their development
on the modern domestic element base and introduction to the use of the State administration of railway transport of
Ukraine "Ukrzaliznytsya" fully corresponds to national plans and programs of reform and development of the railway in-
dustry.

Scientists explores the issues of modernization of diesel trains DEL-02, in particular theoretical issues of building
management information systems based on neural networks and artificial intelligence, optimization of movement and op-
eration modes of the trains, construction of mathematical models of system components control power transmission. These
studies contribute to a considerable improvement of qualities of movement of the diesel-train DEL-02, helped to resolve a
number of technical problems that existed in the initial stages of introduction in manufacture of prototypes data diesel
trains.

Having analyzed the experience of using diesel-train DEL-02 and work with previous upgrades the conclusion
about high reliability of this domestic developments and prospects of the use of diesel-train DEL-02. However, this expe-
rience also shows that the number of unresolved technical problems traction power diesel train DEL-02:

o unsatisfactory performance of regulation and maintenance of a constant current value of a system for traction
power, which is explained by the structure of the system of drive control transmission, the lack of effective cur-
rent regulator and system sensitivity to temperature variations of parameters of elements of traction power;

¢ high values of working and maximum currents elements of the existing traction power diesel trains due to the ab-
sence of system power fast current limitation and normalized transient response current circuits;

o the need the increasing pace of acceleration (certain acceleration values according to technical specifications), the
steady-state motion and inhibition (over a certain distance according to technical specifications) with control
changes the speed, acceleration and leap through the creation of a combined unit of these values;

o low speed and quality of data in the system of control over the channel CAN (up to 1 Mbit/c);

o control system does not take into account the elasticity of certain elements of the traction power diesel trains.

These problems remain unresolved proposed funds.

In accordance with the terms of reference for the manufacture of diesel train DEL-02 minimum acceleration should
be 0.4 m/s?, and the maximum acceleration should be in the range of 0.8 to 1 m/s2. The current design of the traction pow-
er allowed the acceleration at the level of 0.38 m/s?.

The resolution of these technical issues through comprehensive modernization based on the experience of the syn-
thesis and utilization of industrial and transport of electric drives improves the efficiency of the control system of the trac-
tion power transmission diesel-train DEL-02. This will speed up the full transition Ukrzaliznytsya for the traction system
of domestic production, and, in perspective, to create conditions for export of this traction unit or its components traction
modules and units (that is real, given the competitive price, the needs of many States in diesel trains and high technical
efficiency of a diesel train DEL-02 subject to a decision of the specified problems).
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