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Ways of improving of freight car design

The article presents the dynamics of freight cars production by domestic enterprises by years. The
necessity of renewal of the domestic operating fleet of freight cars.The following main vectors of design
improvement have been identified based on the results of putting new and modified freight car models into
production: use of high-strength steels in load-bearing structural elements and innovative components;
improving existing and creating fundamentally new bearing structures; the most efficient use of space;
development of freight cars with an axle load of 25 tonnes; creation of multifunctional structures; increasing
the structural strength of long-base flat cars; application of the latest assembly and welding technologies.
The following main vectors for improving the design of cars have been identified based on the results of
a analysis of scientific and applied research, in addition to the above: the use of new materials;
development of six-axle articulated wagons with an axle load of 23.5 tonnes and 25 tonnes; development
of railcars using new generation bogies and components; achieving a uniform load on the supporting
structure; design of flat cars for transporting containers in two tiers; development of new cars for
intermodal, interoperable and combined transport.

Keywords: freight car, design, fleet, rolling stock, improvement.

Introduction and problem statement. In recent years, the dynamics of freight car production has
been on a downward trend [1]. The dynamics of freight car production in recent years is shown in Fig.
1.

Over the past few years, the number of freight rolling stock manufacturers has declined significantly.
The armed aggression of the russian federation was the main reason for the destruction of enterprises,
insufficient supply of metal and castings, the need to import certain components of freight cars, and the
destruction of logistics routes that had been developed over the years. The main reasons for the decline
in freight car production in recent years are the following: the purchase of expired freight cars from the
Customs Union; lack of a comprehensive programme to renew the domestic freight car fleet, decrease
in demand for rail freight transportation due to various reasons (competition from other modes of
transport, economic downturn, COVID-19, armed aggression of the russian federation, etc.), lack of
incentives to purchase innovative freight rolling stock [1-3].
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All of this demonstrates the need and urgency to support the freight car building industry at the state
level to prevent its complete destruction. Therefore, in the context of significant depreciation of the
freight rolling stock fleet, a catastrophic drop in freight car production, and martial law in the country,
it is of paramount importance that the government supports the freight car industry by adopting
appropriate legislative initiatives. One of such effective measures and support mechanisms from the
central executive body that ensures and implements state policy in the field of transport may be to
stimulate the purchase of modern innovative freight cars with improved technical characteristics.
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Fig. 1. Freight car production dynamics by years [1]
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Analysis of recent research. The first steps in this direction were taken in 2015-2021. Thus, in 2015,
the Technical Council of Ukrzaliznytsia adopted technical requirements for innovative freight rolling
stock [4]. In July 2020, the Resolution of the Cabinet of Ministers of Ukraine No. 1147 dated 30.12.2015
"On the Prohibition of Importation of Goods Originating from the Russian Federation into the Customs
Territory of Ukraine" [5] was amended to prohibit the importation into the customs territory of Ukraine
of railway cars that are or have been in use among the railway administrations of the Russian Federation
since 20.02.2014. In December 2021, the Ministry of Infrastructure approved the concept of renewing
the freight car fleet by registering this order with the Ministry of Justice of Ukraine [6]. However, the
proposed concept from the Ministry of Infrastructure has a number of problematic issues in its
implementation, which are discussed in detail in the publication [1]. The main problematic issues are
the uncertainty of the sources of funding for this renewal concept and the lack of incentives for the
purchase of innovative freight cars from the state.

At the same time, taken into account the challenges of today, the issue of further development of the
freight car fleet in the country remains open and relevant. One of the components of the effective
implementation of innovative freight rolling stock is the compliance of its technical characteristics with
modern requirements. Therefore, updating the technical requirements for the development of innovative
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freight rolling stock is an important and urgent task. A prerequisite for updating and formulating
technical requirements should be a review and analysis of ways to improve the design of freight cars
during 2015-2022. This paper proposes to focus on this issue in detail.

The goal is to identify the main areas for improving the design of freight cars by reviewing and
analysing technical documentation for freight cars, research and development works, research and
development studies, and recent titles of protection.

Research material and results. It is proposed to determine the main directions for improving the
design of freight cars by reviewing and analysing the technical documentation for freight cars, research
papers, numerous existing studies of a scientific and applied nature, and titles of protection published
and approved recently [7-75].

The technical documentation and research works on new models of freight cars produced by
domestic enterprises [7-12], which were put into production during the recent period, were reviewed
and analysed firstly. The exterior of some cars with the improved innovative design that have recently been
put into production is shown in Figs. 2-5.

Fig. 2. Freight cars of models 15-7763, 19-7126, 19-7053-04, 13-7132, 13-7138, 11-
7139, 15-7140, 33-7141, 19-7154 produced by PJISC “KRCBW”

Based on the results of the analysis of technical documentation for new and modified models of freight
cars that have been put into production by domestic enterprises recently, as well as research and development
work, the following main vectors of design improvement have been identified:

— the use of high-strength steels in structural load-bearing elements and innovative component parts,
which allows for a longer life cycle and increased overhaul interval of railcars;

— strengthening, improving of existing cars and creating fundamentally new types of freight car load-
bearing structures;

— maximum efficient use of dimensions, including inter-car space;

— development of a freight cars range with an axle load of 25 tonnes;

— development of multifunctional freight car designs capable of transporting a wide range of goods;

— increasing the structural strength of long-base flat cars;
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— application of the latest assembly and welding technologies.

Fig. 3. Freight cars of models 31-4154, 19-4146-01, 19-4152, 12-4106-01, 13-4147, 33-
4099 produced by LLC “Dniprovagonmash”
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Fig. 4. Freight cars of models 19-6869, 19-9951, 13-9589, 11-9983, 32-8525, 19-8530,
12-8520, 19-1883, 17-1890 produced by LLC “RMF “Karpaty”
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Fig. 5. Freight cars of models 13-1,' 129-6938 produced by “Panyutyn Carriage

Repair Plant” branch of JSC “Ukrzaliznytsia” and model 12-6708-02 produced by
LLC “Zhmerynka Railway Repair Plant “Express”

It should also be noted that domestic railcar manufacturers are currently actively developing the
production of freight cars for use on a 1435 mm gauge. Thus, PJSC "KRCBW" received certificates for
specialised articulated flat cars of the Sggrss 80 and Sggmrss 90' types for compliance with European
standards. The general view of the articulated flat cars manufactured by PJSC "KRCBW" is shown in Fig.
6.

Fig. 6. General view of articulated flat cars type Sggrss 80 (a) and
Sggmrss 90" (b) produced by PJSC “KRCBW”

Numerous scientific and applied studies have been reviewed and analysed [13-28]. In their publications,
based on the studies of freight car structures loaded, the authors propose to improve both their single
components and the metal structures of freight cars as a whole, in order to increase their strength, service
life and maintenance intervals. In these studies, it was proposed to improve the technical characteristics
of freight cars by using higher steel classes and new materials with improved mechanical properties, a
different design of components and parts, and achieving uniform load on the bearing structure. To
increase the strength of the load-bearing structure of freight cars, the use of fillers in their load-bearing
structures, in particular in the girders, was proposed in the publications [29-31]. Some of the promising
load-bearing metal structures of freight cars proposed in these studies are shown in Fig. 7.

Studies [32-37] are devoted to the modernization and other design of coupling devices and
mechanisms of undercar braking equipment of freight cars. Also, a sufficient number of works [38-47]
are devoted to the improvement of freight car bogies and their components. In the vast majority of these
studies, the possibility of using welded bogies as part of freight cars is considered. A lot of work has
also been done to study the functioning of improved or new components of the freight car bogie, such
as side frames, wheel sets, spring suspension elements, etc. Some of the improved designs of freight car
side frames and bogies are shown in Fig. 8.

Particular attention should be paid to the works of domestic and foreign researchers [48-55], which
propose to create multifunctional freight cars, platform cars for the transportation of containers in two tiers,
as well as to develop new types of cars for intermodal, interoperable, combined transportation.
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Multifunctional freight cars are capable of transporting a wide range of goods, their design is versatile
and allows them to be used as a boxcar, gondola car, platform car, etc. The introduction of
multifunctional railcars will significantly reduce the empty mileage rate during operation and increase
the technical and economic effect of their use. The introduction of platform wagons for transporting
containers in two tiers, as well as new types of wagons for intermodal, interoperable and combined
transport, will generally increase the efficiency of freight transport by improving logistics and the speed
of cargo delivery.

€)
Fig. 7. Spatial models of load-bearing structures: a) fitting flat car[29];
b) hopper car [14]; c) boxcar [31]; d) tank car [30]; €) open-top car [18];
f) articulated flat car[13, 30]

Papers [56-60] are devoted to research in the direction of increasing the axle load on the railway track,
which will increase the carrying capacity of freight cars, increase the volume of cargo transportation, and
reduce the number of operating freight cars. Fig. 9 shows the models of universal gondola cars of
Ukrainian manufacturers with a load capacity of 25 tf/axle, which have passed the production procedure
and can be mass-produced. The manufacturer of gondola car model 12-9791 on bogies model 18-9817
is “Diesel Plan” OJSC (now Aurum Group); model 12-7039 on bogies model 18-7033 is PJSC
“KRCBW?”; model 12-1905 on bogies model 18-1711 is PJSC “Azovmash”.

Publications [61-63] are aimed at conducting and highlighting the results of scientific and
experimental studies of newly developed models of freight cars with the purpose to putting them into
production. Some of the existing studies [64, 65] focus on the development of modern requirements for
the technical characteristics of freight cars in order to improve their design. Publications [66-75] are
aimed at refining the calculations, mathematical and computer models in the design of freight cars.
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f)

Fig. 8. Running parts models of freight cars: a) side frame of welded structure [38]; b)
comprehensively modernized cast side frame [44]; c) cast side frame of an improved design [41];
d) cast bogie of an improved design with a box string [40]; e) new bogie of welded structure [46];

f) welded bogie of improved design [47]

I S506843

Fig. 9. Freight cars of models with axle load 25 tonnnes:
a) model 12-9791 on bogies model 18-9817; b) model 12-7039 on bogies model 18-7033;
¢) model 12-1905 on bogies model 18-1711

Thus, based on the results of the review and analysis of scientific and applied research by domestic and
foreign scientists, in addition to the above-mentioned results of the technical documentation analysis for

newly developed freight car models and research works, the following main vectors of design improvement
were identified:

— development of a wide range of six-axle articulated cars with axle loads of 23.5 tonnes and 25
tonnes;

— development of cars using welded bogies and new generation components for them;
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—achieving a equal load on the load-bearing structure;

— design of flat cars for transporting containers in two tiers;

— development of new types of wagons for intermodal, interoperable, combined transport.

An analysis of domestic titles of protection relating to freight cars published recently allowed us to
identify the following main vectors of improvement:

— strengthening, improving existing and creating fundamentally new types of freight car bodies and load-
bearing structures;

— modernisation of existing freight car bogies and their components;

— creation of six-axle articulated cars;

— development of a wide range of freight cars with improved technical characteristics, including new
types of cars for intermodal, interoperable and combined transport;

— application of the latest assembly and welding technologies.

Based on the results of the review and analysis of technical documentation for freight cars, research
and development works, scientific and applied research, and titles of protection, it was found that the
teams of scientific and educational institutions have recently made a significant contribution to the
development of domestic freight car building: State enterprise «Ukrainian Scientific Railway Car
Building Research Institute», State University of Infrastructure and Technologies, Dnipropetrovsk
National University of Railway Transport named after Academician V. Lazaryan (now Ukrainian State
University of Science and Technology), Institute of Electric Welding named after E.O. Paton, Eastern
Ukrainian National University named after V. Dahl, LLC “Head Specialized Designing Car Building
Bureau named after V. M. Bubnov”, Ukrainian University Railway Transport, “Scientific Research
Design And Technological Institute of Railway Transport” branch of JSC “Ukrzaliznytsia”, enterprises
and companies: JSC “Ukrzaliznytsia”,
LLC “RMF “Karpaty”, PJSC “INTERPIPE NTRP”, PJSC “KRCBW”, JSC “KSP”,
LLC “Dniprovagonmash”, CLG “Popasnian Car Repair Plant”, LLC “AZOVVAGON”, LLC “BTsP
“Tribo”, LLC “ZCRP “Express”, LLC “POLTAVVAGON”, LLC “Poltava Locomotive Repair Plant”,
LLC “UKRNAFTOZAPCHASTYNA”, <“Panyutyn Carriage Repair Plant” branch of JSC
“Ukrzaliznytsia” and others.

At the same time, it should be noted the significant personal contribution to the development of new
and improvement of existing designs of freight cars and their components of the following Ukrainian
scientists, engineers and researchers: Babaev A.M., Bagrov O.M., Bubnov V.M., Vatuli G.L.,
Vodiannikova Yu.Ya., Golubenko O.L., Gorbunova M.I., Hrygoroshenka M.V., Dolinskoho S. V.,
Donchenko A.V., Dyomina Y.V., lichyshyn V.V., Kalashnyka V.O., Kara S.V., Kebal Y.V., Kelrich
M.B., Kostrytsya S.A., Kravchenko K.O., Lobanov L.M., Lovska A.O., Mankevich M.B., Martynov
I.LE., Mozheyko E.R., Muradyan L.A., Myamlin S.V., Myamlin S.S., Neduzha L.O., Nozhenko O.S.,
Panchenko S.V., Petrenka V.0O., Prokopenka P.M., Ravlyuka V.G., Rybina A. V., Reidemeister O.G.,
Sapronova S.Yu., Trufanova A.V., Fedosov-Nikonov D.V., Fomin V.V., Fomin O.V., Chernyak G.Yu.,
Shaposhnyk V. Yu., Shvets A.O., Shikunov O.A.

Among foreign scientists in the field of creating multifunctional railcars and new types of railcars
for intermodal, interoperable and combined transport, the following works should be highlighted
Ptaczek M., Wrobel A., Buchacz A., Gerlici J., Lack T., Dizo J., Haruginec J., Blatnicky M., Stastniak
P., Morav¢ik M., Smetanka L., Chuan-jin, O., Bing-tao., Wiestaw K., Tadeusz N., Michat S., Kur¢ik P.,
Pavlik A., Lewandowski K., Krason W., Niezgoda T., Stoilov V., Simi¢ G., Purgi¢ S., Milkovi¢ D.,
Fabian P., Masek J., Marton P., Lee H.-A., Jung S.-B., Jang H.-H., Shin D.-H., Lee J. U., Kim K. W,
Park G.-J., Nandan S., Trivedi R., Kant S., Ahmad J., Maniraj M.

Conclusions. The following main ways of improving the design of freight cars have been identified
based on the results of review and analysis of technical documentation for freight cars, research works,
research and development works, and titles of protection published recently:

— use of new materials with enhanced mechanical properties and high-strength steel classes in the
manufacture of freight cars and its individual components, which will help to improve the strength and
reliability of the structure, increase the overhaul intervals and service life of cars;
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— improvement of existing and creation of fundamentally new types of load-bearing structures, in the
construction of which innovative rational technical solutions are used, which will allow modifying outdated
structures and improving the technical and economic performance of freight cars;

— the most efficient use of dimensions, including the inter-car space, which will increase the carrying
capacity and volume of the car body;

— development of a range of freight cars with an axle load of 25 tonnes, which will increase the carrying
capacity and body volume of the freight car and reduce the tare ratio;

— creation of six-axle articulated freight cars of a wide range with an axle load of 23.5 and 25 tonnes,
which will increase the carrying capacity and body volume;

— development of freight cars with new-generation bogies and components, as well as other
removable components and mechanisms of improved design, which will increase safety, improve the
dynamics and smoothness of freight car movement, and extend the time between overhauls;

— strengthening the bearing structures of freight cars and individual component parts to improve their
reliability, achieve uniform loading of the bearing structure elements and increase service life by
reducing damage from loads during operation;

— creation of multifunctional freight car designs capable of transporting a wide range of goods, which will
significantly reduce the empty mileage ratio and increase the efficiency of rail freight transportation;

— increasing the structural strength of long-base platform cars, which will improve the reliability and
service life of such cars and reduce their damage from loads during operation;

— development of a platform car design for the transport of large containers in two tiers, which will
increase the speed and efficiency of container transport by rail;

— development of new types of freight cars for intermodal, interoperable, combined transport, which will
increase the speed of cargo delivery in general and the efficiency of rail transport in particular;

—application of the latest assembly and welding technologies, which will reduce labour intensity, the cost
of manufacturing railcars and the environmental impact of railcar manufacturing companies.
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Hlasixu y10cKOHATeHHS KOHCTPYKIil BAHTA:KHUX BaroHiB

B cmammi nasedeno OuHamixy supoOHUYmMEa GIMYUSHAHUMU NIONPUEMCIBAMU BAHMANCHUX 8A20HI8
3a pokamu. OOIPYHMOBAHO HEOOXIOHICMb OHOBIEHHS GIMYUBHAHO20 eKCHYAMAayiliHo20 NapKy
BAHMANICHUX ~ 8A2OHI8. Bcmanoeneno maki ocHo6Hi 6eKmopu  YOOCKOHANEHHSA KOHCMPYKYii 3a
pe3yribmamamu NOCMAHOBKU HA GUPOOHUYTNEO HOBUX MA MOOUGPDIKOBAHUX MOOeell BAHMANCHUX BA2OHIB.
BUKOPUCNAHHA CMAell NiOBUWEHO] MIYHOCME Y HeCcydux eileMeHmax KOHCMpYKYii ma iHHO8AYIUHUX
KOMWIEKMYI0UUX, YOOCKOHANIEHHS ICHYIOYUX MA CMEOPEHH NPUHYUNOBO HOBUX HECYUUX KOHCMPYKYIU,
MAKCUMATLHO  e(heKmueHe SUKOPUCANHSL 2a0apumy; PO3POONEHHS 6AHMANICHUX BA2OHIB 3 O0CHLOBUM
HABAHMAdICEHHAM 25 mc, cmeopeHHst 6a2amoQyHKYIOHATbHUX KOHCMPYKYIL, NIOGUWEHHST MIYHOCHI
KOHCMPYKYILL  0068200A3HUX — 8A2OHIG-NAGMPOPM, 3ACMOCYSAHHS HOBIMHIX MEXHOA02IL 30IpKu  ma
38aprosants. Busnaueno maxi ocHo8Hi 6ekmopu YOOCKOHANEHHSA KOHCMPYKYIT 6A20HI8 3a pe3yibmamamu
aHanizy HAYKOBO-NPUKIAOHUX OOCHIOHCEHb, OKPIM BUUE3AZHAYEHUX. 3ACTNOCYBAHHS HOBUX MAMEPIANie;
CMBOPEHHS WeCMUBICHUX 8A20HI8 3UJIEHOBAHO20 MUNY 3 0CbOBUM HasanmadxcenHam 23,5 mc ma 25 mc;
PO3POONIeHHS 6A20HIE 3 BUKOPUCAHHSAM GI3KI8 MA KOMNIIEKMYIOUUX 0emaiell 00 HUX HO8020 NOKONIHHSL,
00CsI2HEeHHST PIBHOMIDHO20 HABAHMANCEHHS HeCyuoi KOHCMPYKYIL; CMEOpeHHsl KOHCMPYKYIl 6a20HI6-
naiamegopm 011 nepeseseHHs KOHMeEUHEPI8 6 08a APYyCU, pPO3POONEHHS HOBUX BA20HIE OIS
iHMepMOOanbHUX, IHMepPOnepabenbHuUx, KOMOIHOBAHUX Nepese3eHb.

Knrouosi cnosa: sanmadicHuii 8a2oH, KOHCMPYKYis, NAPK, pyXomMul cK1ao, YOOCKOHANEHHS.
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