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Abstract. The purpose of the paper is to explore the current state of the railway engineering industry in the
world, the problems of its development prospects, especially the introduction of the modular process technol-
ogy and economic impact of its introduction. Methodology. The research is based on statistical information from
public sources, which is used to confirm the veracity of the thesis put forward about the feasibility of further
implementation of the principle of modularity in the railway engineering sector. Data was also obtained from
the websites of manufacturers of railway equipment. Also, in the study of the issue, analytical articles on the eco-
nomic development of the sector of railway engineering in the world were used. Results of the research showed
that today, in transport engineering industry, in particular - in the railway engineering, there is a problem of
inefficient implementation and use of technological developments, which are used in the manufacture of rail-
way rolling stock. Many technical solutions are duplicated, leading to more time and financial costs. At the same
time, there is no free access to information about existing technical solutions, which significantly slows down the
development of rail transport. One of the main solutions to the problem is the use of modular technology in the
design and manufacture of rolling stock. Leading global manufacturers have already begun to use the modules
in the production of their rolling stock, but the technology is not yet sufficiently developed and finds its realiza-
tion only in reducing the costs of production of rolling stock by specific manufacturers. The full benefits of the
new technology have not yet been obtained by producers and operators. Thus, there is a considerable margin
for the implementation of modular technology in the production of railway vehicles, which will result in further
reducing both production costs and the costs of maintenance, operation and repair of rolling stock. Practical
implications. The introduction of a modular system in the design, manufacture and operation of rolling stock
will lead to a significant breakthrough in the development of the railway sector, reduce the cost of production
and maintenance of railway equipment. Together with the inter-company exchange of technology and experi-
ence it will contribute to intensification of production and the development of new trends in the railway sector.
Value/originality. These data show that the modular technology of the production construction has broad appli-
cation prospects, while it does not require a significant capital investment. This approach can be applied to var-
ious types of rolling stock, as well as, potentially, to other industries. The achievements obtained in the railway
sector will find their application in other fields of transport engineering.
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1. Introduction demands of society. And the further the railway engineering

Modern railway machine-building complex was formed develops, the stronger its negative sides are.

in the twentieth century as an extremely complex system
with its own laws of development. A large proportion of
railway engineering among engineering industries makes
it a significant in the national economy.

Development of railway engineering largely occurred
spontaneously, which ultimately made it wasteful in
expenditure of mater ials, energy and labor resources,
negative impact on the environment, inertia to changing
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In this regard to the problem of improving the industry
aimed at improving its efficiency becomes paramount. At
present, there is a distinguished individual tasks solution
to this problem such as increased productivity, quality
of rolling stock, reducing its material consumption,
introduction of energy saving technologies, etc.

This approach to the problem can not radically change
the existing situation in the railway industry and calls for
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a new science and technology policy. It is necessary, firstly,
to implement systematic approach to solving problems,
and secondly, it must be resolved in a way that satisfies
both the requirements of society and the needs of each
company separately.

2. General view of technical problems

Carrying out such scientific and technical policy
requires management of the development of railway
engineering complex, for which it is necessary to introduce
organizational rise in construction of engineering
production. The solution can be administrative, but should
be based on the results of in-depth study of the laws of
engineering.

The task requires the understanding of common systemic
shortcomings of modern engineering production. These
include:

- duplication of technological development support
(processes, machinery, equipment) ;

- excessive variety of technological software;

- loss of technological knowledge;

- incomplete use of the opportunities of technological
support (process equipment and tooling) ;

- offensive obsolescence of technological equipment
earlier terms of their physical deterioration.

Duplication of technological development software
is as follows. Almost any unit of rolling stock comprises
50-70% of the general purpose parts such as shafts, axles,
bushings, couplings, gears, covers, levers, strips, bodies and
so on. Products also contain a lot of similar mechanisms
and arrangements — spindle units, bearings, gearboxes,
typical connection details. Hence, on average, each railway
producing company within the general machine-building
complex has total range of manufactured parts and assembly
units for more than 50% very close to other companies
and often identical in its design execution and technical
requirements. As a result, for the manufacture of each of
them, enterprises duplicate most of technological facilities.
Ultimately, at almost all machine-building enterprises, the
majority of engineering and technical specialists annually
perform the same work, solve the same problems (Jacobs,
F. Robert, Berry, William, Whybark, D. Clay, 2011).

Excessive diversity of technological support, which is
growing steadily, is that different enterprises and even in
different departments of one company for manufacturing
similar products develop different technological support.
This is due to the fact that companies differ in composition
of technological equipment involved in the development
of various professionals with different skill levels with
no information on these developments. As a result, for
the manufacture of each product (parts, assembly unit)
hundreds of different types of processes and tooling can be
developed, and often different technological equipment.

A large amount of work es performed, huge sums of
money sometimes are spent, production process is being
complicated, since number of new technological processes,
equipment and tools is increasing. However, most of them

are already known solution, and comparing them with the
technical and economic characteristics shows that they
differ little from each other in their effectiveness. Among
this variety there are also innovative solutions that can
give a great effect, but they drop out of sight in the mass
solutions.

So, instead of focusing time of highly skilled staff on
creating innovative technologies and techniques, there
is a dispersion of forces, infinite duplication of work that
entails unjustified increase in the variety of technological
support (Kahn, Kenneth B., 2012).

Loss of technological knowledge is that due to
imperfections in the organization of information on
development, many decisions are unpublished, and among
the huge flow of papers it is difficult, and sometimes
impossible, to find the information you need to solve
specific problems.

Especially the lack of information affects the
manufacture of special components and assemblies
requiring original technologies. Development and
implementation of technologies usually associated with
high labor costs, require skilled developers and long time
for implementation.

After discontinuation of production, information about
this technology is often inaccessible due to lack of papers
or difficulties to find them in the huge flow of information.
Asaresult, he experience, obtained costly, appears lost and
not used by other companies.

Partial use of the opportunities of technological
equipment is a common occurrence when all processing
equipment, except equipment which is used in mass
production, has to some extent redundant technological
and technical capabilities at a particular workplace. The
closer to the type of production of the single unit, the
greater this excess is.

Redundancy of equipment capabilities is that at every
moment of equipment its capabilities is used only partially.
For example, universal lathes for 87% of their service life
use only 20% of installed capacity of main drive, within
19% of their service life they use up to 75% and only
within 1% over the life they use 100% of installed capacity.
And the higher the versatility of equipment is, the greater
the proportion of unused capacity appears. A similar
pattern is observed with other technical and technological
characteristics of technological equipment (Wilson,
Lonnie, 2009).

At the same time, the presence of excess capacity leads
to higher cost of equipment and maintenance costs. For
example, the cost of a processing center reaches hundreds
of thousands of dollars (Greasley, Andrew, 2009).

Appearance of obsolescence in technological equipment
is earlier than terms of their physical deterioration and also
widespread.

Indeed, in modern circumstances, a rapid change in
the range of products applies to most of technological
equipment, obsolescence of which occurs much faster
than their physical deterioration.
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In this regard, there is a contradiction when, on the one
hand, there is need to replace obsolete equipment, and on
the other is the physical condition of equipment which
allows to exploit it for a long time. In these circumstances,
itis difficult to give up expensive equipment, especially the
creation of new equipment associated with large labor and
material costs and long term.

The above deficiencies have common, ambitious
character and are just both for the entire machine
production and directly for railway engineering.

All this leads to huge unproductive expenditure of labor,
materials and energy and, if effective measures to eliminate
these deficiencies are not taken, in the nearest future
railway engineering could turn into a loss-making industry.

Therefore, modern railway engineering production
is characterized by production of large numbers of the
same or very close to each other such parts, machinery,
devices that are included in various products at different
manufacturings; significant duplication of technological
preparation of production; unjustifiably huge variety
of processes, equipment and facilities; huge annual
renovation of physically worn technological facilities;
low demand for technological equipment and technical
capabilities.

3. Introduction of modular technology

The analysis of engineering production showed that,
to minimize the above mentioned deficiencies, its radical
restructuring is needed.

These objectives shall be addressed in conjunction with
the system approach. Organizing principle shall firstly be
entered into the building of the railway production, as that
should be taken in the construction of modular parts of
the production chain: product — manufacturing process —
technological system — workplace.

At the same time the accumulated experience of
modularity creates favorable conditions for its widespread
introduction in railway engineering. It is time to move
from accidental use of modular construction principle
in individual objects to implementation of a systematic
approach when rolling stock and funds for its technological
support shall be based on relevant modules combined into
a single system. The implementation of this approach will
give the effect of engineering production efficiency far
above from what is available today.

Implementing of modular principle in the railway
production from the view of system approach requires the
development of the following:

- the substitution of rail production facility with many
modules;

- general principles of the rolling stock production
of modules and means of their technological support
(processes, machinery, equipment) ;

- terminology providing;

- unification methods of product modules and means of
technological support;

- methods for evaluation of the effectiveness of modular

6

Vol. 1, No. 2, 2015

construction of products and means of technological
support (Lehmann, Donald R., 2004).

Introduction of the modular principle starts with the
same modular construction of vehicles. In this case,
modules shall include such immutable elements that
make up any items, for example, cabs, boggies, towing
equipment, even bodies. In this case the modular principle
becomes general in nature and will be effective for the
entire engineering, and directly for the railway sub-sector.

This module of rolling stock shall be characterized
with uniqueness, high resistance over time, described
with minimum set of characteristics and a differ in a little
nomenclature.

The uniqueness of module provides a unified description
of any products regardless of their purpose, high stability
over time ensures their long-term use, and a small set
of features and a narrow range of typing helps to unify
modules. Since the product’s smallest element is a detail,
it is logical to accept it as such a module. However, it is
not possible because of the huge variety of constructive
details, many characteristics describing them, so it should
be found at a higher level.

Analysis of the details’ execution their official functions
allows to make an important conclusion that a detail
performs it official appointment, mostly by combinations
of surfaces and only in some cases with individual
surfaces. Therefore, the detail can be represented as a set
of combinations of surfaces (rarely, some surfaces) with
the official designation. In this regard, the concept of the
module surface of details was introduced, which refers to a
combination of objectively existing surfaces (or individual
surface), designed to jointly execute the appropriate utility
function and provide details of last structural form, due to
the requirements of operation and production.

4. Modular design of modern locomotives

The modular design of the rolling stock is a transient
quick-access sections containing frames within which
there is equipment of same purpose. Thus, it is possible
to assemble a particular purpose locomotive of certain
basic sections, in each case creating a customized design.
Standard units are collected in one frame sections are
formed into one group to perform servicing operations.
At the initial stage of transition to modules, the traditional
way of threaded connections is used. At a higher level, the
inside equipment of the module will dock with quick basic
ground connections (Jacobs, F. Robert, Berry, William,
Whybark, D. Clay, 2011).

Modular design of alocomotive allows:

o increase productivity of locomotive to operate in
different modes;

« reduce the cost of production of new locomotives, as
well as maintenance and repair in depots and locomotive
repair enterprises;

o unify modules for different types of locomotives;

o increase reliability, maintainability of equipment
extend its life;
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o significantly decrease the quantity of staff;

« reduce the human factor in installation and verification
of modules;

« introduce progressive methods of modern diagnostics
of equipment of individual modules;

« reduce cycle of maintenance and repair, providing the
opportunity to replace any module within minutes at the
locomotives maintenance points;
simplicity and efficiency
transportation between the locomotive and repair depot;

« provide convenience and ease of assembly and
installation of modules;

« provide aesthetic and ergonomic view of the engine
room, remove protruding parts, pipelines and details of
mechanisms;

o introduce new concepts of manipulators for basic
operations of removing and installing modules in sections,
providing the possibility of using unmanned technologies
on major maintenance operations;

« ensure maximum operational readiness for operation
of locomotives;

« create a universal design and technological solutions of
modules for different types of locomotives depending on
customer needs;

. applyfullremote control ofalocomotive (V. N.Balabyn,
F. Vynkler, 2012).

These locomotives will differ with high reliability,
adaptability, uniformity, have the necessary potential for
further improvement. In addition, the modular design
allows to change the configuration and connections within
sections depending on the regional and environmental
requirements, as well as operational work features.

The modular design principle can be considered as an
example of an electric DC locomotive 2ES6 produced in
Russia at the factory “Ural locomotives” under German
technology in partnership with Siemens AG.

Placement of electric equipment in the electric
locomotive 2ES6 is made under construction design
principle, and all the space in body is conventionally
divided into sections both in the vertical horizontal planes.

The technical result is the improvement of the use
of interior body space, maximum use of load-bearing
structures and frameworks of bogies and body as grounds
for mounting of equipment, reducing the range of spare
parts, equipment and devices for repairing locomotive in
compliance with safety requirements.

The technical result is achieved with the equipment
which is installed according to modular principle when
building a body of locomotive, namely the maximum

. ensure of modules

possible number of associations of machinery according to
their functional parameters in the module, namely:

- The first module provides power to engines of the first
bogie, namely is used to convert electrical energy of DC
into 3-phase AC voltage with adjustable amplitude and
frequency. IT includes traction transformer, network filter
and cooling tower for cooling the equipment. Also, this
module includes a device for cooling the traction motors
of the first bogie.

- The second module provides power to the engines of
the second bogie, and it is used to convert electrical energy
of DC into 3-phase AC voltage adjustable amplitude and
frequency, which includes traction transformer, network
filter and cooling tower for cooling the equipment. Also,
this module includes a device for cooling the traction
motors of the second bogie.

- The third module is intended for operation of power
and low-voltage equipment and to protect from electric
overload and short circuit, which includes a cabinet with
breakers, high voltage equipment cabinet, cabinet with
low-voltage equipment, power converter control circuit
block and auxiliary transformers.

- The fourth module is a source of compressed air on the
electric locomotive, which includes two compressor units,
consisting of the main and auxiliary compressors.

- The fifth module includes sanitary ware such as wash
basin, bio-toilet.

5. Conclusions

Thus, the railway production on the principles of
modular technology allows:
- to reduce for several times the complexity of
technological preparation of production;
- reduce the cost of technological equipment by reducing
its diversity and opportunities in the reallocation to reflow
manufacturing of other products;
- reduce the number of adjustments, settings and the
complexity of making the transition to new products;
- toincrease productivity of processes in the manufacture
of products in terms of production of different series
through a combination of conversion, application of
advanced methods of assembly and processing of details
specific to multiseries production;
- in terms of the production of large series of products,
to move quickly to production of new products by creating
new technological means by arrangement of available
modules;
- improvement the quality of manufactured products with
building their processes with proven process modules etc.
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Aptem BUNTOYC
3KOHOMUYECKMIN SOOEKT BHEAPEHMA MOAYNbHOW TEXHONOIMM HA MEJIE3HO-
AOPOXXHOM MNMPOW3BOACTBE

AHHoTauwmsA. Llesbro pabomel ABAAETCA NCCNIeOBaHNE COBPEMEHHOIO COCTOAHMA OTPACIV KENe3HOLOPOXKHOro
MALLUMHOCTPOEHUS B MMPE, MPO6JIeEMbl MEPCMNEKTUBbI €O PA3BUTKA, OCOOEHHOCTU BHEAPEHWSA MOZYIbHOWN NPOun3-
BOLCTBEHHOW TEXHONOMMW U SKOHOMUYECKMI 3ddeKT OT ee BHeapeHus. Memooduka. ViccnefoBaHue OCHOBaHO Ha
CTaTUCTUYECKON UHGOPMALMUN 13 OTKPBITbIX MCTOUYHMKOB, KOTOpas MCMonb3yeTca AnA NOATBEPXKAEHUA npaBau-
BOCTM BbIABUHYTOrO Te3unca o LenecoobpasHOCTU AaNibHeNLWero BHeAPEHWA NPUHLMNA MOAYNbHOCTU B OTpaciu
Kene3HOAOPOXKHOMO MaLLMHOCTPOeHUA. [laHHble TakXe Oblv NonyyYeHbl C Be6-CaiTOB NPOU3BOAMTENEN XKeNle3HO-
[OPOXKHOW TeXHNKW. TakKe, NpY UCCefoBaHUM BONPOCa NCMONb30BaUCh aHaNUTUYECKe SKOHOMUYECKMe CTa-
TbM MO BOMPOCaM Pa3BUTHA OTPAC/IN »KeJle3HOA0POXKHOIO MaLLMHOCTPOEHNA B MUpPeE. Pe3ysibmamel NCCNefoBaHNA
noKasanu, YTo CerofHaA B OTPaCIN TPAHCMOPTHOIO MALLMHOCTPOEHNA, U B YaCTHOCTU — B XKeJIe3HOLOPOXXHOM MaLlu-
HOCTpOeHUN, cyllecTByeT npobnema HesGDeKTUBHOrO BHELPEHNA 1 UCMONb30BaHNA TEXHUYECKMX pa3paboToK,
KOTOpble MCMOMb3yTCA NPU NPON3BOACTBE MOABMMKHOIO COCTaBa »Kemne3HbiX Jopor. MHorve TexHuyeckre pelue-
HMA Oy6nMpPYOTCA, UTO MPUBOAUT K OONbLUMM BPEMEHHBIM U GMHAHCOBBIM 3aTpaTaM. B To ke Bpems, oTcyTCcTBYyeT
CBOOOAHDIN AOCTYN K MHGOPMALMY O CYLLECTBYIOLUX TEXHUUECKMX PELLUEHMSAX, YTO CYLIeCTBEHHO 3amMeanisfeT pas-
BUTME XKeNIE3HOLOPOXKHOTO TpaHCcMopTa. OfHMM U3 OCHOBHbIX BapUAHTOB PELLIEHNA BO3HUKLLEN NPobiembl SBs-
eTCcA NpUMMeHeHMe MOLYNbHOW TEXHONOTMM MPY NPOEKTUPOBaHNM U NPOU3BOACTBE MOABUXKHOIO COCTaBa. Bepy-
L1e MMpPOBbIe NPOU3BOAMTENN YXKe Hauanu NCNosib30BaTb MOAYNN B NPON3BOACTBE CBOErO NMOABMXKHOMO COCTaBa,
O[HaKO 3Ta TEXHOJNIOIMA ellie HeAOCTaTOYHO Pa3BKTa Y HAXOAUT CBOK pPeanu3aLmio TONbKO B CHUMXEHUN U3fepxKeK
Ha NPOW3BOACTBO MOABUXHOIO COCTaBa KOHKPETHbIM Npoussoautenem. MonHoM Bbirogbl OT HOBOW TEXHOMOMMN
NPOV3BOAUTENN Y SKCMYaTaLUMOHHUKM €eLle He NnosiyvaioT. Takum o6pa3om, CyLecTByeT 3HaunTeNbHbI/ 3anac rno
BHEAPEHWUIO MOAYNIbHOWM TEXHONOMUN B MPOU3BOACTBO »KETe3HOAOPOXKHOM TEXHNKN, YTO NPVBEAET B AaNbHENLLEM
K CH/XKEHMIO KaK NPOM3BOACTBEHHbIX 3aTPaT, Tak 1 3aTpaT Ha CoAepKaHue, SKCNyaTaLrio U PEMOHT NOABMXHOIO
cocTaBa. [lpakmuyeckoe 3Ha4eHue. BHepeHrie MOAYNbHON CUCTEMbI B pa3paboTKy, MPOM3BOACTBO 1 SKCNTyaTauuio
ene3HOLOPOXKHOMO MOABMMKHOIO COCTaBa NMPUBERET K 3HAUUTENIbHOMY PbIBKY B Pa3BUTUU >Kene3HOLOPOXKHOM
oTpacnu, yaeleBneHnio NPOM3BOACTBa U 0OCTYKMBAHUA »Kefle3HOAOPOXKHON TeEXHUKN. BmecTe ¢ mexdupmosbim
06MEHOM TEXHOJIOTMSIMM 1 OMbITOM 3TO MOCNOCOHCTBYET aKTUBU3aLMY NMPOV3BOACTBA U OCBOEHMS HOBbIX HAaMpaB-
NEHNI B ene3HoJopoXHoN cdepe. 3HayeHUe/opu2uHaIbHOCMb. NonyyeHHble AaHHble MOKa3bIBalOT, YTO MOAYJb-
HasA TEXHONOMMA NOCTPOEHUA MPON3BOACTBA IMEET WNPOKME NepPCneKkTUBbI MPUMEHEHNA, NPY STOM He TpebyA 3Ha-
YNTENbHbIX KanuTanoBnoOXeHA. [JaHHbIA NOAXOA MOXET NPUMEHATLCA K Pa3fIMYHbIM TUMaM eNle3HOLO0POXKHOMo
MOABMXKHOIO COCTaBa, a TakXe, B NepCreKkTrBe, K ApYrM OoTpaciaM NPoMblLLIeHHOCTU. HapaboTKu, nonyyeHHble B
»ene3HOAOPOXKHOWM OTpaC/Iv HaNZyT CBOE NPUMEHEHNE B ApYruX chepax TPaHCMOPTHOMO MALUMHOCTPOEHNA.



