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5 TPAHCHOPTHBIE CUCTEMBI U TEXHOJIOI'MA OB30PbI
TRANSPORTATION SYSTEMS AND TECHNOLOGY REVIEWS

UDK [Y/]IK] 338.28; 334.021
DOI 10.17816/transsyst2018041005-018

© Ya.V. Sokolova
Emperor Alexander | St. Petersburg State Transport University

St. Petersburg, Russia

THE ALGORITHM OF STRUCTURING A LARGE
INFRASTRUCTURE PROJECT IN THE FORM OF
PUBLIC-PRIVATE PARTNERSHIP

Abstract. The Public-Private Partnership (PPP) is one of the most crucial tools for
modernisation development of the state management system, a new concept of cooperation
between the state and business. Therefore, it is highly significant to develop the scientific
approaches to structural arrangement of infrastructure projects in the form of PPP. The first step
towards this is the construction of algorithm of this process, which has been made in this paper.

The state is actively participating in the realisation of large infrastructure projects. A new
legislative base, which regulates the priority of the infrastructure, is being formed. With the
realisation of the planned projects, only a range of transport accessibility problems is solved.
Whereas, the issues of development of transit potential of the country, the increase of transport
accessibility of various regions, bolstering the mobility of population, etc. remain open.

An ambitious task to create an alternative transport “arteriole” through the Russian
Federation territory may be solved by means of the Russian elaborations of the innovative
transport technology on the basis of magnetic levitation.

In order to justify the feasibility of such a large project in the form of PPP, the
structuring algorithm has been developed, which enables assessing the project at all
viewpoints, starting from the moment of the idea of its realisation to the point of its operation,
to determine the time costs, and other constituents of the process influencing the project.

The elaboration is based on a dialectical approach to the study of the innovative
development, the application of scientific methods of the analysis and synthesis,
classification, expert’s assessments, mathematical statistics, the geographical image of the
data, which enable ensuring the reliability of the results and the validity of conclusions.

Creating instruments for structuring aims at exploring and expanding mechanisms of
cooperation between the state and private business within PPP.

Keywords: algorithm, project structuring, public-private partnership (PPP),
concession, transport.
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© 4.B. CokonoBa
[TetepOyprckuit rocy1apCTBEHHBIN YHUBEPCUTET MyTeH COOOIICHMS
NmnepaTopa Anekcanjpa |

Cankr-IletepOypr, Poccus

AJINITOPUTM CTPYKTYPUPOBAHUA KPYINHOIO
WHOPACTPYKTYPHOI'O NMPOEKTA B ®OPME
rOCYAQAPCTBEHHO-HYACTHOIO
NMAPTHEPCTBA

Annomayusa. HaydyHO-TEXHUYECKOE pa3BUTUE HE TOJBKO IOBBIAET KOMIUIEKCHYIO
0€30MacCHOCTb U YCTOHYMBOCTh TPAHCIIOPTHOW CHCTEMBI, HO U CIOCOOHO O0ECHEUYUTh pelIeHue
COLIMAJIBHO-KOHOMUYECKUX U O00OpOHHBIX 3agau Poccuiickoit ®enepauun. B  crartbe
paccMaTpuBaeTcsi  pealM3alMs  KPYNHOro  HMHQPACTPyKTypHOTO  HPOEKTa  TPaH3UTHBIX
TPAHCIOPTHBIX KOPUIOPOB HA OCHOBE MAarHUTOJICBUTALIMOHHOM TEXHOJIOTMU C IPUMEHEHHEM
MEXaHU3MOB rocyaapcTBeHHo-4acTHoro naptHepera (I'UI1). [lanHas ¢popma B3aMMOOTHOIIIEHUH
rocyaapcrsa M OH3Heca HEe MMEET IIMPOKOro npuMeHeHuss B Poccum, mostoMy paspaboTka
Hay4HbIX ITOJIXOJIOB K CTPYKTYPHUPOBAHHUIO TAKOT'O IIPOEKTa BeCbMa akTyalibHa. J[11s1 000CHOBaHUS
sapdexruBHOCTH TpoekTa B popme [UII aBTOp ¢ MOMOIIBIO 3aKOHOIATEIBHBIX U HOPMATHUBHBIX
JIOKyMEHTOB B oOnactu crtpoutenbeTa, [UIl, perymupoBaHus TrocyaapcTBEHHOH MOMUTUKA
paspaboTai aaropuT™ CTpyKTypupoBanus. [IpMeHeHHbIe HayYHbIe METO/IbI aHAIN3a U CUHTE3a,
KIacCU(UKALMM, OKCIEPTHBIX OLEHOK, MAaTeMaTH4YecKOM CTaTHCTHKH, TIpadUuecKoro
n300pakKeHUs! JaHHBIX MTO3BOJIMIA 00ECTIEUUTh JOCTOBEPHOCTh 1 000CHOBAHHOCTH BBIBOJIOB.

Knrouegvie cnosa: anroputM, CTpyKTypUpOBaHHE, MPOEKT, TOCYIapCTBEHHO-YaCTHOE
MapTHEPCTBO, KOHIIECCHS, TPAHCIIOPT.

Introduction

Public—private partnership in Russia originated in 1980s with
privatisation. In 1990s, the commercial use of state-owned property was revived
through conversion in to joint-stock companies and later through renting. The
2005 adoption of Federal Law on Concession Agreements (Ne 115-FZ of July
21%, 2005) [1] is determined by objective necessity.

Every project under PPP is aimed at liquidating infrastructure gaps,
solving tasks of public interest, such as transport, power engineering, social
sphere, etc. As a rule, the project consists in construction, reconstruction,
technical maintenance and operation of infrastructural facilities by a private
investor who fully or partially construction/reconstruction of a facility by virtue
of their own or attracted funds. The balance between the own and attracted funds
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Is not fixed by any normative acts, and in most cases, it is the finances attracted
from financing organisations to prevail in the projects.

The PPP projects cover long-term relations, allocation of risks and
responsibilities between the partners.

The public partner (a state body) can partially finance the
construction/reconstruction of the facility and fully finance technical
maintenance and operation of it.

Allowing  for  complication and cost intensity of the
construction/reconstruction of infrastructure facilities, PPP mechanisms are
optimal tool which makes it possible to launch and realise projects.

Setting the Task

The rise of investments in transport, power, social and communal
infrastructure by 6—10 % annually can bolster Russia’s economy within the next
5—7 years. The analysis of infrastructure budget for the last 5 years showed their
dropping tendency approximately by 10 % annually. At the same time, the share
of private investments in the development of infrastructure does not even reach
3 % of all the finances [2].

The potential for cooperation between the state and the private sector is
immense, and yet, despite colossal reserves, it is hardly used. Over the course of
5—6 years, owing to governmental bodies, financial organisations, business
community, the situation began changing drastically. This became also possible
owing to active development and application of PPP mechanisms.

It is necessary to popularise and promote PPP tools. One of the options of
scientific support of these processes is the development of an algorithm that
would specify all phases of structural arrangement of the project.

Apart from modernisation and infrastructure development, the application
of PPP mechanisms in Russia can increase efficiency of government-owned
property management and growth of income from the government-owned assets.
In addition, an obvious advantage of PPP over privatisation policy is the
possibility for the state to retain the property right for these facilities.

PPP is one of the most crucial instruments of modernisation development
of the state management system, being a new concept of relations between state
and business. Therefore, it is highly important to develop the scientific
approaches to structural arrangement of infrastructure projects in the form of
PPP. The first step towards this is the construction of the algorithm of this
process, which has been made in this paper.
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Assumptions

Employing the mechanisms of PPP, the state in the conditions of budget
deficit acquires the possibility to realise a project without increasing the debt
ratio, reduce expenditures for pre-project planning at the expense of private
initiative  tools, and  attract new  competencies  during the
construction/reconstruction, operation and technical maintenance.

The private partner is given a guarantee that their investments should be
returned, which is very important especially in volatile macroeconomic
conditions.

Possible forms of realisation of the infrastructure project are given in the
fig. 1 [3].

Unlike governmental procurement, when all expenditures for preparation
works, construction/reconstruction and operation are fully covered by the
budget, in PPP projects the expenditure commitments are distributed in time: the
expenditures for preparation activities are distributed among the parties, a
significant part of expenditures for construction/reconstruction is born by the
private party, the increase of strain on budget takes place only at the stage of
operation. As a rule, the budget saving at the stage of
construction/reconstruction of an object is higher in total, than overpayment at
the stage operation.

The state is actively participating in the realisation of large infrastructure
projects. To coordinate this work, on October 15", 2016, the Government of the
Russian Federation issued the Decree Ne 1050 “Of the Organisation of Project
Activities in the Government of the Russian Federation” [4].

By the Order of the Government of the Russian Federation Ne 793-r of April
26", 2017 [5], the amendments were adopted, which are subject to inclusion in the
List of Large Projects with the government involvement (hereinafter referred to as
the List), including the infrastructure projects, which are financed within the
Federal Target Programme and by the Russian National Wealth Fund finances,
which are subject to monitoring. The List was approved by the Order of the
Government of the Russian Federation Ne 449-r of March 18", 2016 [6]. According
to the amendments, the List encompasses 71 projects, among which there are:

e roads — 24;

e railway transport facilities — 6;
e water transport facilities — 7;

e air transport facilities— 6;

e bridges — 2;

e power engineering — 5;

e medicine — 6;

e science — 3;

e stadiums — 7;

[ J

other items — 5.
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The realisation of the

l | infrastructure project
Extrabudgetary funds ) 4
| Public funds
v

Forms of PPP Other forms with PPP
features (quasi-PPP)

Agreement on

PPP or MPP (Municipal- Lifecycle Contract 14-FZ “Classical” Government
Private Partnership) Procurement

Federal Law 224-FZ

Concession Long-term agreement on Procurement of services and
Agreement (115- provision of services and works by particular legal
F2) works by particular legal 223-FZ entities without
entities with investment additional obligations
obligations

Investment agreement
(through Rental agreements
with investment obligations)

Establishment of joint Social and En-

trepreneurial Corporation with public

and private budget (the Russian Civil
Code and Budaet Code)

Fig. 1. Possible forms of realisation of the infrastructure project

Forty-five projects on the List relate to the construction of the transport
infrastructure objects.

The infrastructure operators at their levels also take efficient steps. For
instance, in 2017 the amount of JSC “RZD” investment programme made
almost 500 billion rubles [7]. The realisation of the large projects has been
prioritised. Among these projects, there are the modernisation and development
of the railway infrastructure of the Eastern Polygon, the development of the
Moscow transport system, the reconstruction of the section Mezhdurechensk —
Taishet, the development and upgrade of the railway infrastructure on the
approaches to the Azov and Black basin seaports, etc. [8].

Despite significant efforts of the transport branch to upgrade and
strengthen the infrastructure, there is a huge number of bottlenecks, the
elimination of which requires cutting-edge technologies and justified forms of
the realisation of the projects with the governmental involvement, whose official
representatives are eager to develop and drive forward the realisation of the
infrastructure projects in terms of long-term partnership [9].

With the realisation of the planned projects, only a range of transport
accessibility problems is solved. Whereas, the issues of development of transit
potential of the country, the increase of transport accessibility of various
regions, bolstering the mobility of population, etc. remain open.
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Magnetic Levitation-based Transport Systems
for Intercontinental Transportation

In political, engineering and business circles, an opinion on the necessity
of creation of inter-country and intercontinental transit transport corridors (TTC)
in the territory of Russia, in the directions of East—West and North-South has
been established.

This opinion stands on the results of the processes of the world economy
globalisation, which are followed by the circulation of capitals, materials and
human resources. The centres of production are rapidly developing in Asia and
Southeast Asia — China, India, Indonesia, Malaysia, and Thailand. Hence, the role
of transport connections is rapidly growing which are to ensure uninterrupted and
timely delivery of raw materials and production to various areas of the world [10].

The Russian Federation is a natural bridge between the East and the West,
the North and the South (fig. 2). The Asia-Pacific countries transport
approximately 50 millions of tonnes of consumer goods to the EU. If part of this
freight traffic is serviced by the Russian transport system, it may become a
potential export product for the country. A similar situation is observed with the
European countries, the Middle East and North Africa. The existing transport
system cannot service even a small share of this product [11]. The transportation
by the Trans-Siberian Railway makes only 1 % of the turnover between Asia
and Europe [12]. The main advantage of the transportation from China to
Europe by railway over sea transport is the speed. However, the commercial
speed of train traffic on our railway mainlines is about 16 km/h, which is far
lower than that in the USA, Europe and China. Taking this into account, the
Chinese Government have approved the New Eurasian Land Bridge for carrying
goods bypassing Russia. On January 15", 2016 the first trial train
Ukraine—Georgia— Azerbaijan— Kazakhstan—China departed from the port of
[lichivsk (Odessa) [13].

The Transport Strategy of the Russian Federation up to 2030 does not tackle
this challenge of time. In the current situation, the following strategic goals of the
outrunning model of the development of transport may be formulated:

e to create the East—West and the North—South TTCs, which would by
manifold exceed the existing mainlines by virtue of a cutting-edge transport
technology;

e to make the private capital the basis for financing the outrunning model
of the development model.
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=
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The Baltic and the North Seas' States . 2 ¢
Y%
y North America,
Central Europe's Far East (Pacific
and the Atlantic Ocean)
Ocean's States China

R

The Black and the Mediterranean Seas
and the Indian Ocean's States

Fig. 2. Maglev transport technology-based TTC in the territory of the Russian Federation

In order to apply the existing legislation to the infrastructure projects within
this study, the project of creation of the East—West TTC (hereinafter referred to as
the Project) with the application of maglev technology has been considered.

To justify the feasibility of the realisation of such a large Project under
PPP, its algorithm of structuring has been developed (fig. 3).

When developing the algorithm, the legislative and normative documents
in the field of construction, PPP, and state policy regulation have been used.

The elaboration is based on a dialectical approach to the study of the
innovative development, the application of scientific methods of the analysis
and synthesis, classification, expert’s assessments, mathematical statistics, the
geographical image of the data, which enable ensuring the reliability of the
results and the validity of conclusions.

The developed enlarged algorithm enables us to consider the Project at all
viewpoints, starting from the moment of the idea of its realisation to the point of
its operation, to determine the time costs, and other constituents of the process
influencing the Project.
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Project

The concept of the Project: technique, economics,
chronolo gy, personnel, permissible condifions
¥

’ Choosing the option of realisation of the Project |4l——

Programming stage: review and
analysis of the legal scope

Eligibility of the Project

e

Investment
project f

Available
legal models

The analysis of
peculiarities,

limitations, assumpfions

Pre-redisation works
(Feagbility of investments):
s Engineering investigation, surveys
technology and ifts basic characteristics,

Structuring stage

Concesson

Agreem ent engineering support data on general plan

Federal Law architechwe and constuction decisions, and

(115FZ) organisation  of consruction  gecific
conditions;

Approval of the chosen model of the Project,
significant conditions, major requirem ents to
tender (elaboration and approval of the tender
documentati on)

|

k4
‘ Tender ‘
¥
Project conclusion of the state expert's
examination
¥
| Construction/Reconstruction |

Life-cycle operation

Fig. 3. The algorithm of structuring a large infrastructure project in the form of PPP

The test application of the algorithm to the East—West TTC enabled us to
obtain the following results.

The work relating to the creation of the Concept of the Project will take
18 months, provided that an official request is obtained, in order to work out a
national scale transport Project, with the interests of the state taken into account.
Based on the conclusions of the Concept, a choice will be made to determine the
way the Project will be realised. This stage will take approximately 3 months,
considering the scope of the Project.

The review and analysis of the legal framework that were conducted enable
us to determine the validity of the Project itself and to move on to the legal model
of the Project. The PPP form possesses significant advantages over an investment
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project, since the allocation of a land for a linear object is carried out without its
being bought by a private partner. Among the available forms of PPP, the
concession agreement will be the advantageous. Acting on the basis of concession,
the state represented by a large number of regional administrations, in the territory
of which the construction of TTC is intended, will entitle the concessionaire to
utilise the land to implement new transport technologies. The private partner bears
the expense that relate to fulfillment of the obligations within the concession
agreement — the creation of TTC with the application of innovative technologies
which have been developed by the Russian scientists and specialists.

After working out all peculiarities, limitations and assumptions, the
feasibility of investments is carried out. This stage should be carried out in
parallel with the development of the legal model of the Project, right after the
option of the realisation was chosen. The approximate duration of the stage is
two years. Simultaneously with it, the certification of the elements of the system
and elaboration of the normative base are conducted.

The stage of tender when dealing with a national scale project may be
omitted, as the Project aims at the realisation of the priority vectors of a strategic
development of the Russian Federation.

During the course of the next three years, the design will be done in
parallel with the development of the initial permissive documentation, then the
government experts’ review (six months), and the construction (7.5 years).

The ready sections are put into the operation stage by stage, which enables
us to start developing the near-by territories and the accompanying infrastructure
before the launch of TTC.

The enlarged schedule of the realisation of the Project is given in the fig. 4.

The relevance of this approach is justified by the necessity of applying the
accepted succession of actions in design and construction of the objects to the
legal norms, with the established practice of the application of PPP mechanisms
taken into account.

It is obligatory to develop approaches to structuring and assessing the
projects of PPP, considering the best international practices.

The assessment should be made both at the stage of design
(programming), with the aim to determine the priority projects and at the
possibilities to use them by virtue of PPP mechanisms, and at the stage of
structuring the specific project, with the aim to determine and justify the best
possible conditions for its realisation.
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Stages Terms in months

of the project

1224|136 |48 |60 | 72 |84 |96 |108|120 [132|144|156(168| 180

The development of
the concept of the
Project

Approval of the model
of the Project
Justification of the
investments

Project

The initial permissive
documentation

The government
experts’ review
Certification of the
elements of the system

Construction

The elaboration of
vendor documentation

Fig. 4. The schedule of the realisation of the Project of the East—West TTC

Undertaking assessments is especially important for large and medium
projects, as well as for the projects with direct public financing, full or partial
reimbursement of the investor’s expenditures at the expense of the budget
(projects with availability payments, and minimum revenue guarantee).

At each stage of the assessment (the programming stage and the
structuring stage) the similar criteria should be used for assessment of the
infrastructure projects:

e social and economic efficiency (at the programming stage — the qualitative
assessment and the enlarged quantitative calculation, at the structuring stage — a
more detailed quantitative calculation) for the assessment of the feasibility of the
project realisation;

e qualitative (expert) criteria of the comparative advantage in order to
choose the form of the realisation of the infrastructure project, and to assess the
possibility of the application of PPP mechanisms;

e quantitative (calculation) criteria of the comparative advantage in order
to determine justification (relevance) of the application PPP mechanism.

The results of the assessment are the integral part of the documents for
approval and confirmation of the decision to make up the agreement (the
realisation of the project) in the form of PPP [14].
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Conclusion

The large infrastructure projects, especially the transport ones, should be
given special attention by the government, as the state of the transport system
directly influences the ecological, scientific and technical, economic and
military elements of the national security of the state. The technological
breakthrough in the development of the Russian Federation’s transport system is
capable of realising social and economic as well as defense priorities, and
significantly increase the transport security level of the state.

The development of the maglev transport technology, as a crucial stage of
the transport development, encourages drastic improvement of the technical and
economic characteristics of the transport system of our country [15]. The tested
Russian elaborations of the innovative transport technology based upon
magnetic levitation are capable of solving an ambitious task to create an

alternative transport “arteriole” through the Russian Federation territory.
Creating instruments for structuring aims at exploring and expanding
mechanisms of cooperation between the state and private capital within PPP.
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INTERNATIONAL EXPERIENCE IN
ORGANISING REGULAR PIGGYBACK SERVICE

The economic crisis being overcome by the Russian economy, on the one hand, com-
bined with the inevitable globalisation processes, on the other hand, brings to the forefront the
economic efficiency of technical processes associated with environmental safety and the pos-
sibility of introduction into the world system. One example of effective use of innovative
technologies in the interaction of transport systems in the world is the piggyback transporta-
tion.

Aim: The author has conducted the analysis of international experience of the organi-
sation of the piggyback transportation in order to identify technological solutions suitable for
efficient use in the Russian market of intermodal transportation.

Methods: To assess the efficiency of different technological systems, the author uses
comparative analysis methods, inductive reasoning, system approach method. The author has
also synthesised the world experience in the organisation of the piggyback transportation.

Result: The results of the analysis have revealed that the current economic situation in
Russia allows the evaluation of innovative transport systems in the first place in terms of the
possibility of rapid return, which draws attention to the most economical technologies. In this
regard, the use of the rolling highway and Lift-on — Lift-off (Lo-Lo) piggyback systems seems
to be the most rational at this stage.

Conclusion: Since 1990s Russia has made a number of attempts to organise regular
piggyback service on certain routes. However, due to the lack of demand for this type of ser-
vices in the Russian market at the moment, investing in the development of piggyback tech-
nology involves high risks. The experience of other countries shows that regardless of the
chosen technology, stimulating the demand for innovative "green technologies™ is not possi-
ble without the participation of governmental bodies. At the same time, the creation of the
necessary methodological framework for the organisation of piggyback transportation in Rus-
sia is possible by virtue studying the multifaceted world practice of piggyback technology op-
eration in the world.

Keywords: transport system, logistic solutions, combined (intermodal) transportation,
piggyback, piggyback technology.
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© MLIO. CkopueHko
PocToBckuii rocy1apCcTBEHHBIN YHUBEPCUTET MTyTeH COOOIICHMS

Pocros-Ha-/lony, Poccus

3APYBEXHbIU ONbIT OPIrAHU3ALUUA
PErYndaAPHOro KOHTPEMUJIIEPHOI'O
COOBLUEHUA

Kpusuc poccuiickoil 5KOHOMHMKHM, BIMCAHHBIN B IJ00alM3allMOHHBIE MPOLIECCHI, BbI-
JIBUTAET Ha NEpBbIN IJIaH SKOHOMHUYECKYIO 3()(PEKTUBHOCTh TEXHUUYECKHUX MTPOLIECCOB, COIPS-
KCHHYIO C DKOJIOTHYECKOW 0€30MacHOCThIO U C BO3MOXKHOCTBIO BHEIIPEHHUS B MUPOBYIO CH-
cremy. OJUH U3 IPUMEPOB FPHEKTUBHOIO UCTIOIb30BAaHUSI MHHOBALIMOHHBIX TEXHOJIOTHHA IpU
B3aMMOJICHCTBUM TPAHCIIOPTHBIX CUCTEM B MUPE — KOHTPEIJIEpHbIE IEPEBO3KHU.

Heuas: [Ipoananu3zupoBaTh 3apyOeKHBIA ONBIT OpraHU3allMd KOHTPEHIEPHOIo cO00-
IICHUS, BBISIBUTh TEXHOJOTMUYECKHE PEUICHHS, MPUTOAHBIC IS 3((EKTUBHOTO HCIIOIB30Ba-
HUS HAa POCCUMCKOM PBIHKE HHTEPMOAAIBHBIX IIEPEBO3OK.

Metoabi: J{ns oneHkH 3((HEKTUBHOCTH Pa3IUYHBIX TEXHOJIOIMYECKUX CHUCTEM aBTO-
pamMH HCHOJB3YKOTCS METOJbl CPAaBHUTENBHOIO aHaIW3a, MHAYKLUU, CUCTEMHOIO MOAXOAA.
Taxxe 00001IeH MUPOBOM OIBIT OPTaHU3AIMH KOHTPEHIIEPHOTO COOOIICHHUS.

Pesyabrarel: [lo pedynbraTaM aHanu3a BBISBIEHO, YTO COBPEMEHHAs 3KOHOMHMUECKAsS
cutyauusi B Poccun 1no3BosisieT olleHMBaTh HHHOBAIIMOHHbBIE TPAHCIIOPTHBIE CUCTEMBI, B MIEPBYIO
oyepesb, C TOYKH 3pEHHsI ObICTpON SKOHOMHMYECKON OKYNAaeMOCTH, oOpaliasi BHUMaHHE Ha
Hanbosiee SKOHOMUYHbIE TexHoNorny. Ha qanHOM aTane npezacrasisiercs HauOosee paloHaib-
HBIM HCIIOJIb30BaHNE KOHTPEHIIEPHBIX crcTeM «Oeryiee moccey» u Lift-on — Lift-off (Lo-Lo).

3axiouenue: C 1990-x romoB B Poccum Ha ompeneneHHBIX MapHIpyTax MBITAIOTCS
OpraHu30BaTh PEryJsipHOE KOHTpeilllepHOe COOOIIeHUE, OJHAKO B CBSA3M C OTCYTCTBHEM
CIpoca Ha JIaHHBIM BUJ YCIIYT Ha POCCUNCKOM pPhIHKE MHBECTULIMU B KOHTPEIJIEpHBIE TEXHO-
JIOTUH COTIPSKEHBI C BBICOKUMU pUcKaMu. ONBIT IpYrUX CTpaH MOKa3bIBAET, YTO HE3ABUCUMO
OT BBIOPAHHOHN TEXHOJIOTUH CTUMYJUPOBAHUE CIIPOCAa HA MHHOBAIIMOHHBIE «3€JI€HbIE TEXHO-
JIOTMM» HEBO3MOXKHO 0€3 y4yacTHs OpraHOB roCyAapCTBEHHOM BiacTu. HeoOxoaumelil MeTo-
Jojiornyeckuil GyHIaMeHT OpraHu3alyy KOHTPEHIepHBIX IEPEBO30K Ha Tepputopun Poccun
MOJKHO CO3/1aTh, U3y4yasi MUPOBYIO MPAKTUKY IKCILTyaTallM KOHTPEMIEPHBIX TEXHOJIOTHI.

Knroueswie cnosa. TpaHCIIOPpTHAsA CUCTEMA, JIOTUCTUYCCKOC PCIHICHUC, KOMGI/IHPIpOBaHHBIC
(I/IHTepMOI[aJ'IBHBIC) TNICPCBO3KH, KOHTpCﬁHCpHaH NIEpeBO3Ka, KOHTpCfIJ'ICpH&SI TCXHOJIOI'UA.

Introduction

The economic downturn which is being overcome by Russia’s economy
on the one hand, combined with inevitable globalisation processes on the other,
brings economic efficiency of technical processes integrated with environmental
security and possibility of the implementation into the world system to the fore-
front.
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From the point of view of the economic efficiency and environmental se-
curity, the most efficient way of transporting freight is the seaborne transporta-
tion. However, the range of its application is quite limited. In any case, at a cer-
tain stage of transportation the application of car transport is expected, since it is
the only means of transport with door-to-door service. Railway transport is an
efficiently and economically optimal option for carrying freight at large distance
or in complicated weather or geographical conditions. However, railway lines in
their turn are limited by the possibility to transport freight only between stations.
Thus, it is logical to conclude that we should search for an answer to the issue of
reducing transport expenses in the relation and transfer of freight between car
transport and other means of transport.

Already in XX century in other countries, the innovative systems of com-
bined interrelation of railway and car transport, namely transportation of trailers,
semi-trailers and low-loaders by flat wagons, saw rapid development. This type
of transportation was named the piggyback transportation.

The USA’s experience in the organisation of piggyback transportation

The father of the piggyback transportation may be considered the USA,
where trailers and truck trailers started their operation in the end of 19" century.
Despite this, the piggyback transportation services were long distrusted, and on-
ly in 1926, an American railway company North Shore Line presented a new
service to their clients, that consisted in transportation of truck trailers by rail-
way transport. The technology of loading of that time was quite primitive and
consisted in sending the flat wagon to the dead end siding, which was located on
the same level, and passing each truck trailer along the entire train up to the an-
chorage place. At the same time, the tractors were transported with the trailers,
which was commercially less profitable than transporting only the truck trailer.

In 1950s on the USA government initiative the unified concept of devel-
opment of piggyback transportation in the country. The concept was based upon
the idea of the organisation of swift delivery of freight for long distances in con-
tainers and semi-trailers by trains operating between piggyback-container ports
along the country’s entire railway network.

In order to encourage the introduction of piggyback transportation system,
the railway companies in the USA were granted legal and economic privileges
and exemptions, which would boost development of these services and transfer
the load from the overloaded car transport to the railway transport.

The creation of standardised fleet of railway flat wagons in the USA was car-
ried out with the participation of Trailer Train (currently TTX Company), which
provides investors with flat wagons. This would facilitate avoiding the empty run
on their way back, which was impossible if a client’s platforms were used [1].

In 1960s, to load the truck trailers on the flat wagon, the cranes began to
be used, and the model of the first rotating deck for lateral loading with the me-
chanical rotation of the central part.
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By 1970, more than 1 million truck trailers had been transported on the
USA’s railways [1].

The modernisation of flat wagons for piggyback transportation continued.
In 1970-1980, the 22 900 mm long rolling stock was developed, that could carry
two 10700 mm long semi-trailers at one time. The length of the flat wagons did
not exceed the length of the passenger wagon, giving no ground for the issue of
fitting into the railway curve radius to rise.

In 1980s, as the car’s dimensions grew, the 27 100 mm long flat wagons
were developed which enabled carrying two 13 700 mm long semi-trailers.

Further increase of the length of the truck exhausted the potential for effi-
cient use of 27 metres long flat wagons. Consequently, the carriers began testing
different schemes of loading which enabled them to locate one of the trailers
above the coupling of the wagons. Also, during this period a unique solution
was elaborated to dismantle the middle part of the deck floor, in order to reduce
the tare weight and the axle load.

Today, just like in XX century, in the USA’s terminals, as a rule, the
standardised equipment is used for transferring truck trailers and high-capacity
containers — gantry cranes, reach stackers [2]. This kind of loading and unload-
ing of transport is called Lift-on/lift-off (Lo-Lo), which means performing the
loading vertically (fig. 1).

The application of the universal freight handling equipment enables the
standardisation of the mixed structure of the freight flow, since cars and con-
tainers are transported together. Apart from saving money for construction of the
terminal, this technology also accelerates the time for the accumulation of the
wagons for dispatch.

Fig. 1. Loading the semi-trailer by the reach stacker
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Besides, owing to absence of electrification on the USA’s railways, there
IS no such issue as the loading gauge. Due to this, the majority of transportation
volume there is carried out on standard railway flat wagons. There are even
technologies being developed there to transport containers and contrailers piled
up on special platforms (fig. 2).

Fig. 2. Double-stack transportation on the platform with the depressed
floor on the USA railways

In 1950, in the USA the alternative technology of piggyback transporta-
tion was developed — Roadrailer. The point of this technology was to carry trail-
ers without the use of flat wagons, but with the help of the integrated wheelsets,
which were lifted up during the highway mode and lowered during the rail one
(fig. 3). This system was operated by C&O, Union Pacific u Contrail companies
[3]. The main disadvantage of the technology was that apart from high costs of
such trailers, equipping them with railway wheelsets would highly contribute to
the weight, resulting in decreasing productivity of transportation and limiting the
possibility to drive on certain roads.

The terminal of this technology is equipped with rails attached to the parking
lot, and with tractors for pulling lorries. Beginning from the end of the train, one by
one trailers are attached to the bogie, with the lorries lifting by virtue of their own
electric traction. After all the roadrailers are connected together, the bogie is in-
stalled in front of the stock which is links the entire system with the locomotive.
Since there is no flat wagon, the rolling stock is much lighter than the conventional
one. At the destination point, the system is easily disassembled, with the trailers
placed in the parking place to be collected by tractor units.
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Fig. 3. Roadrailer bogie system

Today, the roadrailer technology in the USA’s railway transportation
market is actively used by Triple Crown. The roadrailers are manufactured by a
number of companies: Deluxe, Bowser, Santa Fe, Amtrak. Sometimes, groups
of roadrailers are connected to passenger and freight trains [3].

The roadrailers can carry 12 % more fright load than conventional piggy-
back trains do.

Currently, the piggyback transportation is experiencing the second rise in
the USA, which is explained environmentally aware population and toughening
up the ecology and noise control norms. Today, the USA’s railway transport
fleet possesses more than 300 thousand designated flat wagons for operating
piggyback. More than 100 national-scale terminals were constructed, where
basic transport modes meet and railway lines cross. Also, more than 500 termi-
nals for all modes of transport and several thousands of hubs were erected [4].

Almost all big US railway operators (BNFS, Union Pacific, CSX,
Amtrak) offer piggyback transportation services.

Thus, today in the USA all freight for the distance of up to 800 km is
transported, as a rule, directly by cars, and over 800 km — by combined on-the-
road and over-the-rail transportation [4].

The rolling stock for piggyback operation in the USA is owned both by
the state and the shipper. Yet, the most successful experience is considered when
the piggyback transportation is forwarded by a car transport enterprise, which is
fully responsible for the organisation of the entire cycle of the transportation by
road and railway and performs all calculation with railway operators and clients
by its own.
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Organisation of piggyback transportation in Europe

It was far later when the piggyback transportation appeared in Europe.
The works related to the organisation of piggyback transportation in the western
countries began in 1960s. Generally, the development of piggyback transporta-
tion was connected with the difficulty for the car transport to cross the natural
geographical obstacle — the Alps.

However, the current volume of piggyback transportation of all the rail-
way transportation in the European Union makes approximately 30 % [5]. This
situation became possible due to certain pressing conditions, as from the point of
view of economic efficiency piggyback transportation does not appear to be an
attractive mode of transporting freight. The prerequisites for a widespread use of
this type of intermodal transportation in Europe became the following factors:

e complicated geographical and natural conditions (the bulk of piggyback
transportation in Europe is concentrated in transport corridors which run on
transalpine routes);

e the presence of the unified European piggyback terminals represented
by more than 300 terminals in 29 states (initially, the erection of the terminals
was supported by the state) [4];

e the presence of special railway tariff for transporting containers;

e legislative limitations for freight transport traffic. For instance, Germa-
ny, Austria, France, Italy, Switzerland, Slovakia, Slovenia and the Czech Repub-
lic have traffic restrictions for freight transport of more 7,5 tonnes in the daytime
during the holidays and the weekend. In Switzerland and Austria — in the
nighttime on the permanent basis [4].

The restrictions do not apply to combined freight transport drivers with
relatively low road transport involvement.

For instance, after arriving at the terminal station, the trailer hauled by the
train, may go to the destination point by itself provided that it is located within a
65 km radius, whereby the above-mentioned restrictions will have no effect on
it [5].

Studying the international experience of the organisation of piggyback
transportation, one can see several successful, totally different piggyback sys-
tems.

Generally, the international technologies of piggyback transportation em-
ploy a specially designed rolling stock and relative terminals equipment.

The search for non-standard solutions and the development of innovative
technologies for European countries are the forced measure, which can be ex-
plained, unlike the USA, by a strict structural clearance of 4300 mm (the Euro-
pean railways are electrified, therefore safe distance to the catenary network
should be observed). This limitation causes the platforms with depressed floors
or special platforms with a smaller wheel diameter to be used.
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The system of carrying trailer trains and lorries “Rolling highway”

The rolling highway (originally from Austria) is a method of carrying
transport units by loading them horizontally on the railway flat wagons with the
lowered deck.

In this technology, the trailer train maneuvers onto the flat wagon with the
tractor unit on its own. The process of loading is carried out via high ramps.
Embarking on and disembarking from the flat wagon is carried out at the rear of
the special platform, with the lorries driving along the entire train.

The loading of the rolling highway train consisting of 30 trailer trains
takes 30 minutes.

The expense for terminal infrastructure at this method of transportation is
minimal. The terminal consists of an even railway track with the length equal to
that of the train’s, and an endloading ramp. The gaps between the wagons are
covered by drop-back shields for unhindered passage of the trailer trains to the
end of the rolling stock. Using this shield enables loading another trailer unit be-
tween the platforms which makes the entire trailer train longer than the platform
(the standard length of the flat wagon by the deck is 13 300 mm).

The rolling highway technology is referred to as the accompanied com-
bined transport. During the transportation (basically conducted in the nighttime
in Europe) the lorry drivers travel by the same train in the passenger wagon, to
carry on with the door-to-door delivery.

In 1970s, in Europe the special wagons for carrying trailer trains by the
rolling highway were developed. One of the Austrian companies developed a
platform with a maximum low level of loading surface of 410 mm, which cre-
ates the minimum requirements for the height of the transport unit.

In 1980, the German company Talbot developed an improved construc-
tion of the wagon with two four-axle bogies. The length of the wagon by its
buffers was 19 900 mm with the maximum capacity of 40 tonnes and the wheel
diameter of 380 mm.

Currently, the two-axle platforms are widely used, the maximum axle load
of which is increased to 22,5 tonnes [6].

In rolling highway transportation, a small diameter of wheels of the plat-
form for carrying trailer trains (a lorry with a semi-trailer) imposes speed limita-
tions on the train traffic and its passing switch yards, and explains an increased
wear of the wheelsets (fig. 4).
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Fig. 4. The scheme of the platform with a small diameter of wheels

The main advantages of the rolling highway technology are:

e the absence of necessity to use cranes;

e maximised simplicity of the organisation of loading and unloading ac-
tivities;

e minimised volume of investments for buying loading and unloading
equipment of the terminal,

e a higher level of safety during loading and unloading works does not
require special equipment (apart from weighing equipment), since the terminal
is an area for location of the equipment for driving on and off and an external
parking area for lorries waiting for loading.

The main disadvantages of the rolling highway technology are:

e a small diameter of wheels of 370 mm which results in limited axle
loads (not more than 7 tonnes), increased wear of the wheels due to high rotation
frequency (up to 1500 r/min);

e transportation of fully loaded trains only;

e speed limitations to 100 km/h;

e dimension limitations require buying high-tech expensive wagons;

e constant expense for transportation and drivers’ wages, irrational use of
tractor units;

e the ratio between the gross weight of the transported road train and the
net weight of the freight itself.

Piggyback transportation “Modalohr”

A more advanced technology “Modalohr” (France) differs from a conven-
tional rolling highway by the possibility to use standard wheels, which removes
the speed limitations and enables cutting operational costs. However, the wag-
ons used in this technology are technically sophisticated and expensive.
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The innovative piggyback technology “Modalohr” developed by the
French LOHR Industries, a well-known European manufacturer of transport
units. The controlling stake (51 %) is held by SNCF, the National Society of
French Railways, and 49 % — by LOHR Industries, which develops and provides
technical solutions for carrying passengers and freight. The system was
launched in November 2003 between the French Aiton and the Italian Turin.

The “Modalohr” wagon for carrying freight lorries and semi-trailers is de-
signed in accordance with the strict technical regulations, that envisage:

¢ low floor of the wagon that enables the transport units up to 4 m high to
fit into the rolling stock loading gauge;

e the application of standard bogies and wheelsets to keep the cost of the
technical maintenance and repairs on the same level,

¢ horizontal loading and unloading with lateral pockets for simultaneous
and swift processing of several lorries;

e simple and reliable mechanical system for coupling and blocking of
transport units to ensure safety and low operational costs.

The wagon of the system ‘“Modalohr” has a movable deck which swings
30 degrees and is fixed on the ground level upon arrival at the terminal (fig. 5).
The road train then maneuvers on to the platform itself, the trailer is fixed on the
platform, the tractor unit is unfastened, the hydraulic mechanism lifts and
swings the deck. The platform returns to its initial position.

Ramp

Swing-deck

Connection control system

—

Fig. 5. The Modalohr piggyback platform

The special equipment of the wagon consists of stabilising pneumatic
supporters fixed on the bogies and resting on the ground, and of a pneumatic
gear whereon the semi-trailer is fixed [7].
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The Modalohr terminal consists of an even area and does not require high
costs for equipment (fig. 6). The rails are embedded in the road surface, the
ramps ensure loading and unloading of transport from both sides of the track.
Before loading and unloading operations, hydraulic opening system drives roll-
ers and jacks which lift the movable deck to the level of the floor of the wagon
and swing it.

Fig. 6. The Modalohr system terminal

The only complexity of loading and unloading procedures is to position
the train within 30 cm at the terminal.

The tractor unit and the semi-trailer of the road train are transported in an
unfastened state due to limitations of radius curves. Their positioning between
the bogies is also impossible due to the length limit of the platform. Consequent-
ly, the conceptual principle of the system is that each wagon can carry one lorry,
one semi-trailer, or two tractor units.

The intermediate flat wagons rest on the same bogie, the end ones in their
turn — on two. Thus, a train of n wagons has n + 1 bogies.

The equipment that secures the loading deck is of special importance. The
safety of traffic is ensured by four locks in the platform. They can be unblocked
only in the stations during loading and unloading.

The loading cycle of a 750 m train is completed within 45 minutes. The
drivers do not participate in the process. The operation is performed by the ter-
minal’s personnel. The terminals where drivers can leave their trailers are open
24 hours a day.

Currently, the Modalohr piggyback trains operate on two routes:

e the Alpine rolling highway between the Aiton (Chambry, France) and
Orbassano (Turin, Italy) terminals, which runs through the Frejus Rail Tunnel
for 175 km;

e the North — South route between the Bettembourg (Luxembourg) and
the Le Boulou (Perpignan, France) terminals — more than 1000 km [8].

The Modalohr trains run irrespective of fullness, in accordance to the
strict schedules, like the passenger trains do. The alpine line has four trains run-
ning at both directions each day. The fullness of trains varies depending upon
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the time: in the morning the train, as a rule, is loaded by half of its volume, in
the noon the fullness makes approximately 30%, in the second half of the day —
approximately 70%. In the evening the trains run fully loaded [5]. The interest
towards this service is dependent upon the season and the traffic situation.

Currently the bulk of the freight transported by this technology is trailers
without tractor units (approximately 80 %) [8]. The trucking companies offer
their own tractor units in order to load and unload trailers. To carry trailers with
tractor units there is a passenger wagon in the train for transporting derivers.

The cost of construction of the specialised terminal makes 3 million euros,
the cost of the specialised platform is 355 000 euros [5].

The advantages of the Modalohr technology are:

e the possibility of the rolling stock to carry high-tonnage containers (40
and 45 ft.);

e the possibility of being used both in accompanied and unaccompanied
transportations;

e the possibility to perform loading and unloading simultaneously;

e the absence of necessity to employ cranes;

e the possibility to use twin and triple section wagons (fig. 7). The effi-
ciency of this measure is in benefiting from the weight at the expense of em-
ploying fewer bogies and expanded loading surface (table).

..,IJIIIHIHIIHUHI!!!““ ' u|IIHIHIHIHIJJIIJ”H“ " “|!!!HHIIIIIIHIIIHLLL.,

Fig. 7. Variants of twin and triple section wagons train of the Modalohr system

Technical data of twin and triple section wagons

Technical data Twin section | Triple section
wagon wagon
Total length 32,48 m 48,68 m
Weight of the wagon 35,7 tonnes 52,3 tonnes
Maximum speed when fully loaded 120 km/h 120 km/h
Maximum length of the tractor unit with the trailer 16,5m 16,5m
Maximum length of the trailer without the cooling unit 13,7 m 13,7m
Maximum length of the trailer with the cooling unit 14,0 m 140m
Maximum weight of the tractor unit with the trailer 40,0 tonnes 40,0 tonnes
Maximum length of the train (in Europe) 750 m 750 m
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According to this data, the full train carries 26 tractor units with the trail-
ers. Additional increase of capacity is possible if only trailers are transported.

Among the disadvantages of the technology Modalohr there are:

e the necessity of precise positioning of the train at the terminal;

¢ high-tech processing at the loading area;

¢ big investments into the rolling stock and the terminals;

e demand in high capacity of the terminals.

Today Modalohr successfully operates in France where there is a number
of special terminals and a park of swing-decks.

Piggyback technology “Flexiwaggon”

The Swedish Flexiwaggon is a system of unaccompanied transportation.
The owner and the founder of the system is Flexiwaggon AB. The scope of the
company includes research and development in the field of design, construction
and repair of rolling stock, as well as the provision of logistics services. Flexi-
waggon AB puts the environmental friendliness of piggyback transportation as
the main advantage over road transport.

This technology does not require erection of terminals for loading and un-
loading of transport units, and is focused on the application of the specialised
platform which enables loading and unloading operations almost in every place.

The special construction of the wagon-platform and the system of its hy-
draulic jack and the special rotating mechanism ensure rotation of the wagon,
thus creating a ramp for the transport to be loaded on to the wagon without any
hindrance. The loading and unloading operations can be carried out at any side
of the platform, therefore there is no necessity for the train to move backwards
during the loading and unloading operations (fig. 8) [9].

Fig. 8. Swing-deck of the system Flexiwaggon
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The entire procedure takes maximum 10 minutes. Besides, the simplicity
of the operation of the system enables the drivers to perform loading and un-
loading without extra personnel, which results in additional savings. The system
can carry both the entire road train and the trailer separately.

In addition, a specialised wagon is equipped with a device for connecting
the trailer or the car engine to the power supply. Especially this service is in de-
mand in the cold season, as well as for refrigerated trailers. The structural load
capacity of the wagon is 50 tonnes, the maximum operating speed is up to
120 km/h.

The European states’ authorities pay much attention to ecology and climate
change issues, therefore the government of Sweden and the Swedish Energy Agen-
cy fully support the project Flexiwaggon. According to the specialists the Swedish
Energy Agency, the active application of piggyback transportation may significant-
ly influence the ecologic problem and reduce CO, emission in freight transportation
by 75 %, and reduce the amount of road traffic, which would positively affect the
situation with traffic congestion and the general state of the roads.

The cost of the wagon-platform of the Flexiwaggon system is 175 000 eu-
ros [5].

The piggyback technology “Megaswing”

The new technology “Megaswing” is a competitor of “Flexiwaggon” in
the Swedish market.

The “Megaswing” technology was developed by one of Northern Eu-
rope’s premier manufacturer of freight wagons and freight forwarder of the
company Kockums Industrie.

The technology means that owing to the special wagon-platform for carry-
ing trailers the loading and unloading operations can take place outside the ter-
minal (fig. 9).

The Megaswing platform is equipped with a sliding mechanism which en-
ables rotation to allow the trailers to be loaded and unloaded (fig. 10) [10].

Special hydraulic supporters pivot and lower the pocket section for the
trailer wheels at the angle of the axis of the terminal to ensure that transport unit
loads and unloads on its own (fig. 11).

Owing to the depressed floor, the Megaswing can carry semi-trailers of
any height, unlike the rolling highway technology.

The loading time is 5 minutes. Considering the simultaneous two-side
loading and unloading, the train’s standing time does not exceed 30 minutes.
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Fig. 9. The scheme of performance of the technology Megaswing
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Fig. 10. The scheme of the Megaswing platform

Received: 01.03.2018. Accepted: 20.03.2018 This article is available under license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License
TpancnopTuble cuctembl n Texnoaornn. 2018;4(1):19-42 doi: 10.17816/transsyst2018041019-042  Transportation Systems and Technology. 2018;4(1):19-42


https://creativecommons.org/licenses/by-nc-sa/4.0/

TPAHCHOPTHBIE CUCTEMBI U TEXHOJIOI'MHA OB30PbI

34 TRANSPORTATION SYSTEMS AND TECHNOLOGY REVIEWS

Fig. 11. The profile of the technology Megaswing

The cost of the platform is estimated approximately 270 000 euros.

The main advantages of the technologies “Megaswing” and “Flexiwag-
gon” are:

o the possibility to carry road trains, semi-trailers and containers on the
same platform;

o the speed is up to 120 km/h;

e the application of standard wheels with the diameter of 920 mm;

o the absence of the necessity to construct special terminals, the possibil-
ity conduct loading and unloading in own railway warehouse, not at the contain-
er terminal;

e simple operation;

¢ the absence of necessity to position wagons along the loading and un-
loading area;

o the possibility to swiftly load and unload the entire rolling stock;

e high capacity.

The main disadvantage of these technologies is a high cost of special
swing-decks.

The piggyback technology “CargoSpeed”

The system CargoSpeed (Great Britain) fundamentally differs from the
earlier mentioned technologies.

The British piggyback system “CargoSpeed” was developed already in the
beginning of 1990s under the support of the European Commission for Research
and Innovation.

The realisation of this project cost 1,8 million euros.

The work to implement the system “CargoSpeed” was begun in January
2001, with the first ride taking place only in June 2004. The demonstration of
the test sample, which was conducted at Barrow Hill, the Centre for Railway
Research at the University of Newcastle, Chesterfield, failed. The unsuccessful
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test ride and interruption in the development of the technology gave some ad-
vantage to the system Modalohr being developed at that time.

The three basic elements of the system are the specially designed wagon,
movable platform and a hydraulic lift (fig. 12).

The technology means that there is a T-shaped hydraulic mechanism be-
tween the tracks, which lifts up the platform of the wagon. The mechanism lifts
the deck of the platform to the ground level and pivots it so that there is a possi-
bility to conduct loading on it. Thus, the trailer’s loading and unloading
operations take place.

Specialy designed wagon T-shaped hydraulic mechanism Movable platform

Fig. 12. Elements of the piggyback system CargoSpeed

The technology allows to make up to 750 thousand handling operations
per year. The time of direct loading or unloading of the entire train at a special-
ised terminal takes from 8 to 30 minutes. As an additional advantage, it should
be noted that the system is capable of operating in different directions, that is,
taking the trains regardless of the direction of their movement, which increases
the operational flexibility of this system.

The cost of erection of the specialised terminal is 2,3 million euros, the
price of the CargoSpeed platform is 120 thousand euros.

The advantages of the technology CargoSpeed are:

e relatively low cost of the terminal equipment and specialised platforms;

e the absence of the necessity to employ cranes;

High loading speed.

Among the disadvantages of the technology “CargoSpeed” there are:

e the necessity to erect special terminals;

e the system does not allow transporting the tractor unit and does not en-
visage carrying a driver;

e complexity of operation due to electronic systems and hydraulic equip-
ment.
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The piggyback system “CargoBeamer”

The German technology “CargoBeamer” also fundamentally differs from
other piggyback systems.

This technology was developed in Germany by the company CargoBeam-
er AG, which works in three main areas: intermodal transportation, design and
maintenance of rolling stock, and operation and construction of terminal facili-
ties.

The essence of the technology “CargoBeamer” is that the trailer is placed on
a specially designed pallet, which is electrically drawn on the platform along the
special guides. In parallel, the arrived trailer is loaded on to the opposite side [11].

The "CargoBeamer" system consists of a reloading terminal where the
semi-trailer is removed from the wagon and installed on a wagon pallet, which
by means of a transverse shift moves the load onto a specialised railway plat-
form (fig. 13).

CargoBeamer wagon with
the trailer

Guides
Fig. 13. The loading pallet CargoBeamer

During the loading operation, the tractor unit hauls the trailer on to the
special movable pallet, which is located along the rolling stock, and parks it. The
trailer is fixed firmly on the pallet, and the tractor unit uncouples and leaves the
pallet. Then, the pallet is set on the platform and fixed (fig. 14).

The terminal of this system is equipped with the electronic systems for
connection of platforms (fig. 15).

The train with 36 wagons is loaded at the terminal within 15 minutes.

Besides, a large advantage of this system is an automated rail gauge
switching from the Standard gauge to the 1520 gauge and back, including in the
electrified sections.

The advantages of the technology “CargoBeamer” are:

e the application of standard wheels with the diameter 920 mm;

e the speed is up to 120 km/h;

e the possibility to quickly load and unload the entire train;
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o the possibility to carry road trains, semi-trailers and containers.

Among the disadvantages of the technology there are:

¢ high cost of the terminal equipment and platforms;

e complexity of operation due to hydraulic equipment, traction mecha-
nisms for platforms, and electronic systems;

¢ the necessity to position the wagons along the loading and unloading
area.

Fig. 14. The technology scheme of the loading
of the trailer on the the CargoBeamer platform

Fig. 15. The CargoBeamer platform
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The system was widely supported by the European Union. Cucrtema mo-
Jy4uIia MIHPOKYIo moaepkky EBponefickoro coroza. Namely, the Project is fi-
nanced within the programme “Marco Polo — II””, one of the points of which is
“Efficient Semi-Trailer Transport on Rail Baltica (the project of the standard
gauge railway that is intended to connect Eastern Poland, Baltic states and
Western Europe)”.

Currently, this technology had a few successful test rides from Leipzig
(Germany) to Calais (France), where the construction of the second terminal of
this technology is underway [11].

The total amount of investment in the French project is 22,5 million euros.
The planned processing capacity of the terminal is 800 trailers per day. The ter-
minal will serve two routes: the East — West route from Central to Eastern Eu-
rope via Germany, and the North — South route via Italy, Switzerland, Germany
and France. Apart from the French port of Calais, CargoBeamer AG has plans to
erect 70 terminals, among which there are ones in Polish Legnica, German Ha-
gen, and Lithuanian Mockava.

Final chapter

On the basis of the analysis of different piggyback transportation system
one can conclude that the world experience of combining road and railway
transport on the basis of the piggyback transportation is very variable. All the
mentioned technologies have their advantages and disadvantages. Each of them
developed in different countries with different economic, geographic and tech-
nological conditions and demands.

The most primitive and the least expensive technologies for processing
trailers and road trains are rolling highway and the Lo-Lo systems.

The organisation of test piggyback transportations in Russia was conduct-
ed using these technologies only.

In modern Europe, due to the consistently high demand for transportation
of transport units by railway, these technologies are not at all competitive. High-
tech systems, operating sophisticated specialised equipment, allow making the
procedure of loading and unloading the fastest and safest.

However, the Russian conditions dictate that the innovative transport sys-
tems should be evaluated from the point of view of the fastest economic return,
which results in choosing the most economical technologies. In this respect, us-
ing the Lo-Lo and the rolling highway technologies at this stage seem to be the
most rational.

Besides, these technologies can be successfully employed on the existing
JSC “RZD” infrastructure with the minimum of investment as compared to the
specialised systems.
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Since 1990s Russia has made a number of attempts to organise regular pig-
gyback service on certain routes. Basically, the main initiative belonged to JSC
“RZD”. However, due to the lack of demand for this type of services in the Russian
market at the moment, investing in the development of piggyback technology in-
volves high risks. The experience of other countries shows that regardless of the
chosen technology, stimulating the demand for innovative "green technologies" is
not possible without the participation of governmental bodies. It also seems obvi-
ous, that the development of technological systems of the piggyback transportation
should not run chaotically. The geographical and climatic conditions of Russia,
without any doubt, require operation of the unified technology in the territory in or-
der to unify the rolling stock and the terminal facilities. In the light of this, the in-
volvement of the Ministry of Transport, the Federal Agency for Railway Transport
and other related bodies of legislative and executive power in the process of elabo-
ration of the normative framework and encouragement of demand for the piggy-
back transportation, becomes unprecedented.

At the same time, the establishment of the necessary methodological
framework for the organisation of piggyback transportation in Russia is possible
by virtue studying the multifaceted world practice of piggyback technology op-

eration in the world.
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APPLICATION OF THERMAL ACCUMULATOR
WITH SOLID HEAT ACCUMULATING
MATERIAL AS A METHOD OF COOLING OF
LIFE SUPPORT AND FREIGHT PROTECTION
SYSTEMS FOR VACUUM MAGNETIC
LEVITATION TRANSPORT

Aim: The development of vacuum maglev transport implies solution of an important
issue, namely, disposing thermal energy in an air free space. The application of the thermal
accumulator (TA) with solid heat accumulating material (SHAM) or melting heat
accumulating material (MHAM) as a cooling method for the life support and freight
preservation systems (LSaFPS) of vacuum maglev transport is justified by impossibility of
thermal energy to be transferred inside the vacuum tube by virtue of convection. Besides,
when the accumulators are discharged at the destination points, the saved thermal energy may
be used as an additional energy source, thus increasing energy efficiency of the transportation
system as a whole.

Methods: In the work given, the authors have used the heat engineering calculation
with the application of the similarity theory.

Results: Application of the life support and freight preservation systems (LSaFPS) of
vacuum maglev transport will help in solving a problem of removal of excess of thermal en-
ergy in the conditions of lack of heat convection and also in increasing energy efficiency of
the entire system.

Keywords: vacuum maglev transport, life support and freight preservation system
(LSaFPS), solid or melting heat accumulating material, heat removal, disposal of thermal en-
ergy, energy efficiency.
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lHeTep6ypr0KI/H"4 TrOCYAapCTBEHHBIA  YHHUBEPCHUTET MyTE€d  COOOILIECHHUS
NmnepaTopa Anekcannpa |

ZHay‘{HO-HpOI/IBBOI[CTBeHHHﬁ neHtp  «TpaHcnopTHBIE  MHHOBAIlMOHHBIE
TEXHOJIOTUW)

Cankr-IletepOypr, Poccus

NMPUMEHEHUE TENNOBOIO AKKYMYIIATOPA
C TBEPObIM TEMJNIOAKKYMYJIIUPYOLLM
MATEPUAIIOM KAK CINMOCOB OXNAXOEHUA
YACTU CUCTEMbI XXUSHEOBECTEYEHUA
U TPY3OCOXPAHEHUA BAKYYMHOI'O
MATHUTONEBUTALUOHHOI'O TPAHCIOPTA

Henn: Pa3BuTHe BakyyMHOIO MarHUTOJEBUTALMOHHOTO TPAHCIOPTA MOJAPa3yMeBaeT
pelIeHrEe TaKoro Ba)KHOTO BOIPOCa KaK YTHJIM3AlMs TEIUIOBOM SHEPruu B MPOCTPAHCTBE C
pa3peKeHHON BO3AYIIHON cpenoil. IIpuMeHeHne TemoBoro akKyMyJiTopa ¢ TBEPABbIM TETl-
JIOAKKYMYJIMPYIOIIMM MaTepUaoM WM IUIaBSIIKUMCS TEIUI0AKKyMYJIHPYIOIIUM MaTepruaioM
Kak crioco0a OXJaXKAECHUS 4acTU CHCTEMbI Ku3HeoOecneueHus: u rpyzocoxpanenus (CXKO-
ul'C) BakyyMHOro MarHWTOJICBUTAI[MOHHOTO TPAHCIOpPTa OOYCIOBJIEHO HEBO3MO>KHOCTHIO
nepeaayy TEIIOBON 3HEPruM BHYTPH BaKyyMHOTro TpyOompoBoja myTeM KoHBekuuu. Kpome
TOT0, MPHU pa3psKe aKKyMyJsATOpa Ha MYHKTE MPHUOBITHS HAKOIJICHHAsl TEIJIOBasl SHEPrus
MOYET OBbITh MOJIE3HO MCIIOJIb30BaHa B KAU€CTBE BTOPHUYHOTO MCTOUHMKA TEIUIOBOW SHEPTHH,
TEM CaMbIM MOBBIIIAs SHEPTETUYECKYIO 3D (PEKTUBHOCTD CUCTEMBI B IIETIOM.

MeTtoasbl: B nanHoii paboTe aBTOPHI UCTIONB3YIOT METOJAMKY TEIUIOTEXHHUYECKOTO pac-
YyeTa ¢ IPUMEHEHUEM TEOPHH MOA00HS.

Pesyabrarsel: [IpumeHeHrne TEIOBBIX akKyMyssiTopoB B cuctemax CXXOul'C Baky-
YMHOI'O MarHUTOJIEBUTALIMOHHOTO TPAaHCIOPTA MO3BOJIMUT PELIUTh 33/Jady OTBOJA HU30BITKOB
TEIUIOBON PHEPTUU B YCIOBUSAX OTCYTCTBHUS KOHBEKTUBHOI'O TEIJIOOOMEHA, a TAaKXKe IMOBBICUTh
AHEPreTHUECcKyIo I3P(HEKTUBHOCT BCEI CUCTEMBI B LIETIOM.

Kniouesble cnosa: BaKyyMHBII MarHUTOJICBUTAIMOHHBIA TPAHCIIOPT, CHCTEMa KHM3HE-
o0ecrieueHus U TPY30COXPaHEeHUs], TBEPbII aKKyMYIUPYIOIIUNA MaTepuall, IIaBSAIIMNACS TETIo-
AKKyMYJIAPYIOIMIA MaTepHall, TEIIOOTBOMA, YTHJIHM3AIMs TEIUIOBOW SHEPIUH, dHEpreTHYecKast
3 PEKTUBHOCTD.
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Introduction

Considering its peculiarities, the life support and freight preservation sys-
tem of (LSaFPS), namely the ventilation and air conditioning systems of pas-
senger transport units of vacuum maglev transport [1], is one of the most crucial
elements which secure comfort and safety of passengers.

The air conditioning system of the transport unit, as well as the thermal
balance calculation methodology, is given in detail in [2, 3].

Generally, the on-board air conditioning system in a hermetic vehicle at
any atmospheric conditions and for all transportation modes, should maintain
the set pressure, temperature, humidity, physical and chemical composition of
the air, and the admissible level of noise [4, 5].

The inability to apply the ventilation and air conditioning systems, similar
to those deployed on railway transport, is justified by inability to remove the ex-
cessive thermal energy outside [6]. In this case, it is relevant to consider
autonomous systems for discharging and accumulating the thermal energy.

Setting the tasks

As the main task, the development of methodology, which enables choosing
both accumulating substance for removing the excessive thermal energy, and
modes of work and processes of charging and discharging thermal accumulators of
autonomous on-board LSaFPS [7, 8] in vacuum maglev transport, is considered.

Another task is the development of methodology of heat engineering cal-
culation with the aim to determine air temperature drops, and air conditioning
and ventilation monitoring panels, meeting technical requirements.

In order to carry out heat engineering checking calculation of the vehicle
with pillowplate heat exchange, the following source data are required:
cruise velocity V,
vehicle interior volume Viehicle,
square of the surface under heating S,
vehicle length lenice,
vehicle height hyenicle,
pillowplate height hyanel,
pillowplate length lpaner,
number of pillowplates Nyanel,
average air temperature in the vehicle tyenicie,
average temperature of internal walls of the vehicle tyqs,
acceptable air temperature drops along the length and height of vehicle
Atvehicle height and Atvehicle lengths

e acceptable temperature drops of internal wall surface Awmp. internal N itS
height,
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e acceptable air speed in vehicle Vienicre,

e number of passengers in vehicle,

e thermal, mass and mechanical properties of heat and sound insulation
materials,

e alteration of pressure in the vehicle.

The calculation of the pillowplate heat exchange system for cruise veloci-
ty mode with possible lowest external air temperature is carried out by virtue of
fixed-point iteration. The heat engineering and hydraulic calculation are made
for one pillowplate, assuming that the heat exchange and resistance of all plates
are equal. The major objective of the heat engineering calculation is to
determine air and pillowplate temperature drops with all the above-mentioned
technical requirements fulfilled. When calculating the system, operating in
mixed mode, the following parameters are sequentially determined — mass
airflow through one plate.

The calculation of pillowplate heat exchange system for stable velocity
mode of the vehicle with standard parameters of external medium is made in the
vacuum tube. The heat engineering and hydraulic calculation is done for one
plate, assuming that the heat exchange and resistance of all plates are equal.

The simplified scheme of the interior of the vehicle with air conditioning
flows is given in the fig. 1.

Fig. 1. The simplified scheme of the interior of the vehicle with air conditioning flows

Assumptions

To assess the heat emission of the part of the LSaFPS the following
source data are accepted:

Puenicle, Pa — pressure of the interior of the vehicle;

Vienicle, M° — interior volume of the vehicle;

tair, C — entering air temperature.

The mass airflow through one plate:
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G
G, =—, kg/h,
nn

where G, — amount of air per one hour needed for one plate, determined by con-
ditions of vehicle ventilation:

G,, =Nn-p-Vvehicle.
The heat transfer coefficient from the plate wall to the air in the vehicle:

’ }\‘vehicle

Nu .
a(vehicle) = Vehlcleh

Amount of heat, transferred from the plate to the interior of the vehicle:

Qplatel = kplaltel ) I:platel ) (taverage of plate _tvehicle)'
Average air velocity in the plate, m/s:

Gn
Vo= :
F, - p,, - 3600

The Nusselt number [9]:

Nu .. =102-Re”®; Nu_ . =1128-Re"’.

plate plate

Heat balance in the vehicle:

Ql + Ql’ + Qillum + Qplatel + Qﬂoor + ceil — Gh ) Caverage ) Atint !
where At;; — alteration of the air temperature in the vehicle;
Q. —amount of heat, emitted by passengers;
Q[ —amount of heat from one plate;

Qinum — amount of heat from electric equipment (illumination, generators,
accumulators);

Qpiate1 — @amount of heat transferred from the plate to the interior of the ve-
hicle;

Qceit — amount of heat transferred through the ceiling and lateral walls of
the vehicle;

Qroor— @amount of heat transferred through the floor of the vehicle.
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Due to the considered mode of transport having almost no convection, the
heat transfer from the LSaFPS to the exterior medium is impossible.
Consequently, it is relevant to consider thermal accumulators, installed inside
the capsules, as the medium for discharging the excessive heat energy.

The general classification of the thermal accumulators [10] is shown in
the fig. 2.

Thermal accumulators
- Type of hea.tmg Heat transfer Construction
Typeof HAM | _ the material from HAM ] features
Electrical
Air (gas) Active
Solid - — Inductive coolant |
Passive
Melting | —{ Solar energy Liquid coolant
iqui - Discharged
Liquid - o With heat pipes  —
gas heat
Steam (gas) |
‘et Thermochemical heat

Fig. 2. The classification of the thermal accumulators

Regarding the mode of transport being considered, in order to simplify the
structure, the solid body thermal accumulators or accumulation of the energy by
means of phase transition heat will be suitable [11]. The application of liquid
thermal accumulators leads to necessity in installing additional equipment,
which ensures circulation of the coolant.

The accumulation of heat by solid bodies by means of increasing their in-
ternal energy. The accumulation medium in this case is a solid body, which is
heated and cooled without phase transition. The thermal storage at the same time
is defined by internal energy being a constituent of enthalpy.

The accumulation based upon phase transition heat means mainly the ac-
cumulation of melting heat, which usually runs with slight volume changes.
Sometimes, the solid-liquid phase transition is combined with the solid-solid
transition at the temperature which is slightly lower than the melting point. It is
frequently suggested to additionally use heating energy (internal energy) of
liquid and/or solid phase of the medium.
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Regarding the vacuum maglev transport, it is relevant to consider thermal
accumulators with solid heat accumulating material (SHAM) [12], which will
simplify the structure and facilitate operation of the LSaFPS of the transport
unit.

Materials and Methodology

In this paper, the authors have used the heat engineering calculation
method for the thermal accumulator with solid heat accumulating material
(SHAM) [13, 14].

When calculating the heat balance, it is important to know the specific
values of heat capacity, enthalpy (internal energy), and phase and chemical
transformations [15].

The heat transfer by conduction is described by the Fourier's Law, accord-

ing to which the amount of heatdQ. , running in a period of time dz through the
surface dF, normal to the direction of the transfer, equals:

dQ. =—>%d|:dr,

where A — heat transfer coefficient, W/(m-K);

% — the thermal gradient, i. e. the alteration of the temperature per unit of

length in the direction of heat transfer.

Heat transfer by means of conduction through the wall. The amount of the
heat transferred through the flat wall per 1 hour may be defined by the heat
equation as the amount of heat passing through a square of infinitely small
thickness dx inside the wall:

dQ dt
t=Q=-A—F.
dt Q dx

Integrating the alteration of temperature along the entire length of the
wall, we obtain:

A
Q= g F (twalll _twallz)'
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The heat transfer by means of convection. The convective heat transfer is
the heat transfer by volumes of medium by means of their mutual motion in the
direction of the heat transfer. The motion of heat from wall to wall is called the
heat transfer. The amount of heat transferred is determined by the Newton law:

Q=aF({t —t,.)

where o — heat transfer coefficient, W/(m2-K).

The mean temperature difference. In the overwhelming majority of cases,
the temperatures of media in the process of heat transfer will change as a result
of the running heat transfer and, consequently, the mean temperature will also
change (t; — t,) along the surface of the heat transfer. Therefore, the mean
temperature difference along the length of the apparatus Atyean, hoOwever, since
this change is not linear, the logarithmic temperature difference is calculated.

_ (t1 _tz’) - (tlb _tzg) _ At _At}j

mean _
In Lot In At
tm —th Atb

At

In order to determine the amount of heat transferred by air to the heat ac-
cumulating material of the LSaFPS, it is first important to determine the mass of
the heat accumulating material (HAM):

_ 3
Venergy = Viotal TESM — Vpipes m-,

where Vio pam — total volume of the thermal accumulator, m®;
V,ipe — Volume of pipes of the coolant and heat receiver, m®.

The mass of the HAM:

M = puam * Viawm, kg,
where pyam — density of the heat accumulating material.

Amount of heat transferred to the HAM:
Q=c-m-AtJ
To facilitate calculation of the thermal accumulator, let us conditionally
divide the calculation by 2 parts — thermal accumulator charging and thermal ac-
cumulator discharging.
The determination of mass flow rate of the coolant in charging operation
of the thermal accumulator.
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The mass flow rate of the coolant on the basis of the heat balance equa-
tion:
Q - Gair ) Aiair-
where Al — alteration of the enthalpy of the coolant (air), J/kg;
G,ir — mass flow rate of the coolant (air), kg/s;
Q — amount of heat, transferred to the HAM, J:

: _ Q
AIair = C:air (tz;,ir _t;ir)’ Gair = Aj '
Iair
The determination of temperature conditions for operation of the thermal
accumulator:

(t " _ tl )
t — M HAM HAM 7 . t — (t _ At )
average HAM 2 ! average air average HAM average /7
! l4 l4 !
At — (tair tHAM ) (tair tHAM )
average tl _ t" :
air HAM

14 !/
tair - tHAM

By means of the obtained values tayerage Ham and taverage the required thermal
and physical characteristics of the coolants are determined.

The value of the actual velocity of the coolant (air):

where G — volumetric flow rate (air), m*/s;
F — passage area of the pipe, m*;
r — internal radius of the pipe, m.
The Reynolds number:

Re = wyy-d- pgas/Mgas,

where p — density of the coolant (air), kg/m?®;
Wiux — Velocity of flux, m/s;
d — characteristic length of the element of the gas flux, m;
M — coefficient of viscosity of the coolant (air), kg/(m-s).
The value of the heat transfer coefficient is determined from the equation:

Nu=o-d/A,
where o — heat transfer coefficient, W/(m*-°C);
d — characteristic length of the element of the flux, m;
A — heat conductivity of the medium, W/(m-°C).
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Considering the criterion equation (applicable to air and water):
Nu = 0,021 - Re®® - Pro® - 3,
we obtain

0,8 0,43
Olgas = 0,021 * Agas ! dinternal diameter - R€™" - Pr"" - W gas,

where ¥ = 1,05 — coefficient taking into account the influence the temperature
factor for the air under cooling.

The determination of mass flow of the coolant during charging operation
of the accumulator is carried out similarly.

The heat transfer coefficient is determined by the formula:

K=1/ (daverage ) (1/agas ’ dinternal +1/2-A-In- dexternal /dinternal +
+ 1/a - dext) + Rpoll),

where de,; — external diameter of the pipe;

dinc — internal diameter of the pipe;

Rpon — thermal resistivity to pollution of the pipe.

When calculating K, it is important to observe the following rules:

if Ogas > Olair then daverage = Uexi;

if Ogas = Qair then daverage = (dint + dex) / 2;

if Olgas < Claijr then daverage = dint.

With small thickness ratio of the wall of the pipe dexernal / Qinternat < 1,5 ONe
could use the following relation:

K = 1/(1/agas + Owai / Mwan + 1/a + Rpqp).

Determination of the duration of full charging:
d= Eaccum/ Ndischarging,
where E,..,m — accumulator capacity, kWh;
Niscnarging — Capacity of discharging, kWh.

Results

Regarding the vacuum maglev transport it is relevant to consider the
thermal accumulators with SHAM, which will simplify construction and facili-
tate operation of the LSaFPS of the transport unit.

The fig. 3 shows the enlarged scheme of the operation process of thermal
energy accumulator, which not only enables removing heat emissions inside the
transport unit, but also utilising this thermal energy.

The fig. 4 shows the scheme of the option Ne 2 of beneficial use of the
thermal energy emitted during discharge of the thermal accumulator. The option
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which predisposes removing thermal energy (Option Ne 1), differs from the
proposed one in including tank cooler in the contour of “cold water”.

One of the ways to solve the issue of heat removal in the vacuum tube and
prevention of thermal deformations of its structure may become application of
melting heat accumulating materials (MHAM), placed in the shell of the vacuum
tube. This option may be used as an alternative to heat insulating materials.

Discussion of the Results

The issues considered in this paper, as well as the methods proposed, ena-
ble full solving the set tasks. The application of the thermal accumulators as
units of autonomous ventilation and air conditioning systems enables not only
increase of the level of passengers’ comfort, but also a significant reduction of
power consumption of these systems. Besides, the issue of environmental safety
of this kind of equipment is settled, since they do not use CFCs, required for
conventional air conditioning systems.

The process of cooling down of the heat

The process of the preparation accumulating material takes place: it is treated
of the thermal energy accumulator with an ice-cold water with the temperature
of +3...+5 degrees Celsius

The charging is conducted during the motion
of the vehicle from the following sources:
The process of the thermal energy e the ventilation and air-conditioning
accumulator charging systems;
e on-board propulsion systems;
e other types of the heat energy sources

The process of the thermal ener The discharging is conducted during the
gccumulator discharain 9y treatment of the heat accumulating material
ging with a cold water of +5...+15 degrees Celsius

L

OPTION 2
The heat energy released during discharging
is used for heating water in the hot water
supply system or industrial water

Fig. 3. The enlarged scheme of the operation process of thermal energy accumulator
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Thermal accumulator (TA) charging contour
Valves and piping

\ . Thermal accumulator (TA) discharging contour
\ / “Cold water” contour
[ “Ice-cold water” contour

X ————

4N
NS

Fig. 4. Principle scheme of beneficial use of the thermal energy emitted during discharge
of the thermal accumulator

Conclusion

The proposed system enables proper ensuring the required parameters of
microclimate in the passenger or freight transport unit. The paper suggests the
method which enables precise choosing both the material of the thermal
accumulator and modes of its performance, depending on the operation
conditions of the vacuum maglev transport units.

The proposed system has a number of significant advantages, namely:

e the cooling system does not require extra power consumption;

e the problem of heat removal in rarefied air medium;

e the joint application of this system with the stationary charging systems
for thermal accumulators will enable increase of energy efficiency of the entire
transport systems.
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NON-DESTRUCTIVE METHODS OF CONCRETE
QUALITY CONTROL AS FACTOR IN
RELIABILITY OF CONCRETE AND
REINFORCED CONCRETE STRUCTURES IN
TRANSPORT FACILITIES

Aim: The development of theory and practice of construction science leads to a need
to enhance the basics of design, construction and operation of concrete and reinforced con-
crete structures. Despite significant progress, there is risk of collapse of different structures at
various stages of their lifecycle. Current state of construction industry leads to a need to in-
crease the quality and reliability of buildings and structures under construction.

Methods: The authors have used methods of probabilistic forecasting in this work

Results: The development of methods of construction materials control, particularly
concrete and reinforced concrete, leads to a gradual implementation of non-destructive control
methods. To assess the change of confidence and reliability coefficients of designed struc-
tures, the authors have substantiated the transition to probabilistic rationing of strength prop-
erties of concrete and reinforced concrete structures using classes. Also, the authors suggest
implementation of non-destructive control methods. However, non-destructive control meth-
ods have a number of drawbacks, the key among these being the decrease of confidence coef-
ficient while preparing a calibration curve, which drastically affects the results of quality con-
trol. It is possible to solve the problem by creating a set of control tests including both de-
structive and non-destructive quality control methods. This will provide systems for collecting
testing information of high accuracy.

Keywords: confidence interval, quality control methods, concrete, reinforced concrete,
safety factor, reliability.
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[TetepOyprckuit rocy1apCTBEHHBINM YHUBEPCUTET MTyTeH COOOIICHHS
NmnepaTopa Anekcanjpa |

Cankr-IleTepOypr, Poccus

HEPA3PYLWAIKLWUWE METOAblI KOHTPOIIA
KAYECTBA KAK ®AKTOP HAOEXHOCTHU
BETOHHbIX U XXEJIESOBETOHHbIX
KOHCTPYKLMUU B TPAHCMNOPTHbIX
COOPYXEHUAX

Heas: PazBuTue TEOpUM U MPAKTUKU CTPOUTENIBHOW HAyKU IO3BOJSET COBEpLICH-
CTBOBAaTbh OCHOBBI IPOEKTHUPOBAHUS, CTPOUTENBCTBA U KCILTyaTallud OETOHHBIX U JKeyne300e-
TOHHBIX KOHCTPYKLIMM. OJHAKO €CTh OMAaCHOCTh pa3pylIeHUs] KOHCTPYKLHUM Ha pa3HbIX 3Ta-
nax >KM3HEHHOro 1ukia. Heo6XoauMo MoBbIaTh KauecTBO U HAJIEKHOCTh BO3BOJUMBIX 3/1a-
HUW U COOPY>KEHUH.

Metoabl: B nanHoi# paboTe UCMOIB30BaHBl METOJIBI BEPOSATHOCTHOTO MPOTHO3UPOBA-
HUSL.

Pesyabrarel: PazButue METONOB KOHTPOJS KauecTBa CTPOUTEIBHBIX MAaTEepUaAlIOB, B
YaCTHOCTH O€TOHA M 7Kene300€TOHa, MMOCTENEHHO MEPEXOANT K Hepa3pyllaroliuM METoiaM KOH-
TposA. s OLIEHKM M3MEHEHMs JOBEPUTEIbHON BEPOATHOCTU M HANEKHOCTH IIPOEKTUPYEMBIX
KOHCTPYKIIMH OOOCHOBAH IEPeX0]l Ha BEPOSTHOCTHOE HOPMHUPOBAHME IMPOYHOCTHBIX CBOMCTB
OETOHHBIX U KENE300€TOHHBIX KOHCTPYKIIUI C UCHOIb30BAaHUEM KJIACCOB U MPEATIOKEH MEPexol
Ha Hepaspyllarolye MeTojbl KOHTposis. OJHAKO HEpa3pyIIAIOIIME METO/bl KOHTPOJIS UMEIOT
psI HEIOCTATKOB, OCHOBHOM M3 KOTOPBIX — CHHYKEHUE JOBEPUTEIBHON BEPOSITHOCTU IIPU IIOCTPO-
€HUM TPaJyHpOBOYHON KPHBOM, YTO KAPJAWHAIBHO BIMSET HA PE3YJbTAThl KOHTPOJS KadecTBa.
Pemute 31y npobiaeMy MOXKHO 3a CHET CO3JIaHUsI KOMIUIEKCa KOHTPOJIBbHBIX HCIIBITAaHUH, BKIIIO-
YAIOIIMX KaK pa3pyLIAoIIne, TaK M HEPA3PYyIIAOIINE METOABI KOHTPOJISI KA4ECTBA. DTO MO3BOJIAT
OpraHu30BaTh COOp UCIBITATEILHON HH(OPMAIIUH MTOBBIIIIEHHON TOYHOCTH.

Kntouesvle cnosa: NOBEpUTENbHBIN WHTEPBAN, METOJbl KOHTPOJS KauecTBa, OETOH,
xKene300eToH, Ko GUIMeHT 3anaca, HaJe)KHOCTb.

Introduction

The development of theory and practice of construction science leads to
necessity to improve basics of design, construction and operation of concrete
and reinforced concrete structures. Despite significant progress, there is risk of
collapse of structures at various stages of their lifecycle. The literature sources
based analysis of the quantity of collapses shows that concrete and reinforced
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concrete structures collapse during their operation. In the fig. 1, the common
reasons for destruction of concrete structures are shown [1].

At first stage, the reasons for destructions are mistakes in construction, de-
viation from normative documents and poor quality of reinforced concrete assem-
bly elements, which is connected with lack of quality control, as at the right quality
control organisation all mistakes must be duly eliminated. The principled scheme
of the quality control triad of the structures erected is given in the fig. 2 [2].

Exceedence of Violation of technical
calculated loads of ’ operation rules of

construction 4 % buildings and
structures

35 %

[Poor quality of
reinforced
concrete assembly
elements

4%

Violation of
technology of
dismantling of

buildings 11 %

| Violation of normative
documents
requirements and
ignoring

Violation of projects in installation
technology of : and construction
reconstruction of works

buildings 14 o/ 35 %

Fig. 1. Reasons for destruction of common types of structures

Maintained during
operation

Reliability

Ensured during Considered during
construction process design

Fig. 2. The principled scheme of the quality control triad of the structures under erection
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Setting the task

To realise this task, one would have to consider joint deformation and
crack formation processes in construction materials, which lead to destruction
(fig. 3), as well as the real structure of materials, physical and chemical indices
and their variability [3].

Mechanical stress at various stress-strain states

/ \

Deformation Crack formation

In case of creep Local
deformation, long period
of mechanical stress Large-scale

Resilient

Tough

Plastic

\: v
DESTRUCTION

Fig. 3. Scheme of connection between character of deformation and crack formation
in composite materials

Assumptions

The destruction of materials takes place due to external impacts, connect-
ed with excessive energy: mechanical loads, cyclic freezing and defrosting,
chemical reactions and physical processes, etc. After exerting critical amount of
energy, the destruction of internal connections of the structural elements of the
material. Reliability comprises indices of failure-free operation, durability,
repairability, retentivity. One of the defining factors in increase of durability is
the principle of mechanical units’ control.
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Materials and methods of research

The increase of reliability of structures may be achieved by two ways:

e the first — study of the structure and the properties of materials for en-
hancing stability of properties with the use of the probabilistic methods and their
application in design works and in materials’ acceptance test methods;

e the second — increase of quality of inspection and repair systems on
the basis of character and speed of crack development in the material under the
actual level of load [4].

This results in necessity of improvement of quality control methods, as an
important part of ensuring reliability of the buildings and structures erected,
primarily in terms of mechanical properties’ assessment [5—7]. The development
of constructional methods of test and control leads to relevance of substitution of
conventional selective destructive control methods of structural behaviour and
deformation properties of concrete with all-round non-destructive control. The
transition to non-destructive methods allows a substantial effect in terms of
quality and labour intensity of control:

e it allows using all-round control, thus detecting defective structures
and elements, which cannot be detected by means of selective destructive con-
trol methods (e.g. technology violations, improper transportation, gravitational
segregation);

e it reduces the time spent for tests and control costs, yet all-round non-
destructive control should have influence on reliability of the obtained infor-
mation.

Let us consider the influence of transition to all-round non-destructive
control in erection of concrete and reinforced concrete structures on veracity of
the information and reliability of buildings and constructions.

Results

The authors have assessed the influence of the change of confidence of in-
formation and reliability on the example of the assessment of concrete grade,
which forms a significant amount of safety factor of concrete and reinforced
concrete structures. During the assessment, it was assumed that the number of
tests was quite significant and was subject to the normal distribution law. The
reason for that is quite a large variability of concrete mechanical properties and,
primarily, concrete strength. The index of strength is regulated when
determining the concrete grade:

B=R(@1-wt).
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For standard and destructive methods, the scheme of test results distribu-
tion is given in the fig. 4 (reliability rate is P = 0,95 since the acceptable con-
crete variability coefficient is 13,5 %, with Student’s coefficient making
t=1,64)[8, 9].

P=0.95

04 S

Rmin R
Fig. 4. The relation of basic indices in assessment of strength properties of concrete

Further, the example of application of B30 concrete is given

(R= 30 =36,8 MIla). For a sequence of significant number of B30
1-1,64-0,135

concrete samples, the minimum acceptable strength index, considering the ac-
ceptable variability coefficient 13.5 %, should make no less than:

R, =R-164S =R —164Rv = 36,8(1-1,64 - 0,135) = 30 MITa.

The variation will make 6.8 MPa whereby the deviation towards the min-
imum is dangerous for construction and decreases the reliability of structure.
With the reduction of strength within acceptable limits, the safety factor of
concrete structures also decreases. Practically, on the example of B30 concrete
the calculated limit of strength in the first group of limit state will make 17 MPa
[8-11].

In normal conditions the calculated safety factor will make Sgctor= 36,8 /
17 = 2,13. So, on average, the constructions are designed with ample strength
which ensures the required level of safety and failure-free operation. Additional-
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ly, reliability is characterised by reliability index and probability of failure-free
operation, making [12]:

P
Jsi+sg

where R, Q — strength and load effect values;

Sr; So — Squared deviation from the mean (SDM) of strength properties of
materials and loads;
The probability of failure is determined by formula [9, 10]

1 1 1 ¢ X
P = r D(P) = 5 EL eXP(—?)dX-

The asymptotic formula of probability of failure-free operation is ex-
pressed [9]

1 pP-1_ —Pp?
P =——" “exp(—),
f 27_[ Bg p( 2)

S factor — 1

2 2y
\/(VRSfactor +VQ)
Vr, Vo — Variability coefficient of strength properties of materials and
loads.

where =

Discussion of the results

Transition to non-destructive control methods should positively change
the situation by means of increasing control points and transitioning to all-round
control. In accordance with normative documents, during preparation of calibra-
tion curve, the squared deviation from the mean (SDM) is accepted, which
equals S,,, = 12 %, except for the separation methods [13]. For separation meth-
od with shearing, SDM S = 4 % for 48 mm long anchor and S,,, = 7 % for
20 mm long anchor are accepted [14]. The authors have studied how the
additional tolerance of non-destructive methods affects the resulting accuracy of
control, hence the reliability of the erected structures with this level of control.
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The increase of SDM leads to reduction of the accuracy of the obtained
information, which in its turn leads to enhanced variation of the obtained results
of mechanical properties’ tests.

To ensure the required confidence interval, one would have to change
Student’s coefficient, hence to reduce the accuracy of tests. To secure the
average strength of concrete, corresponding to the B30 grade of concrete, one
would have to reduce Student’s coefficient, causing the reduction of confidence
probability:

tS = t'(S + S.),

where t u t' — Student’s coefficient at the given confidence probability (at stand-
ard test P=0.95);

S, S.x — SDM of the standard test during the preparation of calibration
curve by means of non-destructive methods.

Then, the results of calculations show that the corresponding coefficient
considering SDM will make t'= 1,46. To secure the strength index with the con-
fidence interval corresponding to the concrete grade, the accuracy of tests makes
P = 0,92, which contradicts the normative documents’ requirements [15].

Conclusion

The research carried out shows that transition solely to non-destructive
methods should change the approach to determination of acceptable values of
mechanical characteristics, considering their guaranteed strength. The existing
approach lays decrease of accuracy obtained as a result of the tests from the con-
fidence index P = 0,92 to 0,95, which in its turn decreases the safety factor,
hence the reliability indices of the erected structures. It follows then that it is
obligatory to more substantially approach the choice of final inspection of the
construction process. The solution to the problem is possible by virtue of
establishing a set of control tests, including both destructive and non-destructive
methods. This approach will allow creating systems of accumulating high-
accuracy test information.
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© V.V. Kapustin, A.K. Movchan, E.V. Zaytseva, M.l. Kuryachiy
Tomsk State University of Control Systems and Radioelectronics

Tomsk, Russia

ACTIVE PULSE TELEVISION MEASURING
SYSTEMS FOR ENSURING NAVIGATION OF
TRANSPORT MEANS IN HEAVY WEATHER

CONDITIONS

This paper presents research results of the Active Vision Area, formed by the Active
Pulse Television Measuring System in conditions of decreased transparency of propagation
medium.

Aim: To increase backscatter interference suppression efficiency by the Active Pulse
Television Measuring System for ensuring navigation of transport means in heavy weather
conditions.

Methods: Simulation of Active Vision Area considering light energy attenuation is
proportionate to the square of distance and attenuation caused by propagation atmosphere.
Performance of experimental researches with the Prototype of Active Pulse Television Meas-
uring System using Big Aerosol Chamber, simulating dense fog and smoke conditions.

Results: The designed model of Active Vision Area allowed estimating the changes of
light energy distribution in the observed space layer depending on range of observation and
transparency of radiation propagation medium. With equal duration values of the illumination
and strobing pulses of the photodetector in conditions of dense fog, significantly big residual
backscatter interference was revealed, maximum intensity area of the radiation reflected from
objects was displaced from a distance of strobing delay. Illumination pulse duration reduction
led to increase of backscatter interference suppression efficiency, improvement of image con-
trast and increase of accuracy of determination of distance to the observed objects.

Conclusion: The increase of backscatter interference suppression efficiency by the
Active Pulse Television Measuring System for ensuring navigation of transport means in
heavy weather conditions is a relevant task

Keywords: Backscatter interference, contrast, active vision area, heavy weather condi-
tions, active pulse television measuring system.
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© B.B. Kanyctun, A.K. MoBuan, E.B. 3aiiueBa, M.!. Kypsiumii
ToMCKUI TOCYapCTBEHHBI YHUBEPCUTET CUCTEM YIIPABIICHUS
Y PaANO03JIEKTPOHUKHA

Tomck, Poccus

AKTUBHO-UMMNYINbCHbIE TENIEBU3UNOHHbIE
USMEPUTEJIbHbIE CUCTEMbI OJ1A
OBECIMNEYEHUA HABUTALIUA
TPAHCMOPTHbBIX CPEACTB B CIHOXHbIX
METEOYCNOBUAX

Annomayusn. llpencraBieHbl pe3yiabTaThl MCCIEIOBAHUS AKTUBHOW 30HBI BUJICHUS
dbopMupyeMoil aKTUBHO-UMITYJIbCHON TEIEBU3MOHHON M3MEPUTEIBHON CUCTEMON B YCIOBUSAX
MMOHWKEHHOM MPO3PAYHOCTH CPEbI PACIIPOCTPAHECHUS.

Heab: [ToBbicuTh 3(h(HeKTUBHOCTH MOAABICHUS TIOMEXH 0OPATHOTO paccesiHUS aKTHUB-
HO-UMIYJbCHBIMU TEJIEBU3MOHHBIMH W3MEPUTEIBHBIMU CHCTEMaMH JJIsl 0OCCTICUeHHs] HaBU-
ralyy TPAHCIIOPTHBIX CPEACTB B CIIOKHBIX METEOYCIOBHUSX.

Metoabl: MoaenrupoBaHue akTUBHOM 30HBI BUJICHUS C y4eTOM OcCJIabJIeHHs] CBETOBOM
DHEPruu NPONOPLUMOHAIBHO KBAApPATy PACCTOSAHUS M 3aTyXaHHWs, BBI3BAHHOTO CpPENOM pac-
MPOCTpaHEHHUs. DKCIIEPUMEHTATIbHBIE MCCIIEIOBAHUS MaKeTa aKTUBHO-UMITYJIbCHON TEJICBHU-
3MOHHOM M3MEPHUTENHHOW CHCTEMBI B OOJBIION adpO30JbHON Kamepe B YCIOBHSIX IJIOTHOTO
TyMaHa " JIbIMA.

Pesyabrarel: IlocTpoeHHass MOAENb aKTUBHOM 30HBI BI//II[eHI/ISI MO3BOJIMJIAa OIECHUTh
W3MEHEHUS pacIpeeICHUs] CBETOBOM SHEPTUU HAOIIOJaEMOTO CIIOSl MPOCTPAHCTBA B 3aBUCH-
MOCTH OT JaJbHOCTH HAOJIONCHUS M TPO3PAYHOCTH CPEIbl PACIPOCTPAHECHHS W3ITyYCHHUS.
[Ipn paBHOW IIMTENTFHOCTH WMIYJIbCOB TIOJCBETA W CTPOOUpPOBaHUS (HOTONPUEMHOTO
YCTPOMCTBA B YCIOBUSX IJIOTHOTO TyMaHa BBISIBJIEHA OOJIBIIIAasi OCTaTOYHAS IIOMEXa 0OpaTHO-
ro paccessHusi, 00JacTh MAaKCUMAIbHONH WHTEHCUBHOCTH OTPaKEHHOTO OT OOBEKTOB M3IIyde-
HUS CMECTWJIACh OT JUCTaHIIMH, COOTBETCTBYIOIICH 3amepikke cTpodupoBanus. CokparieHne
JUTUTETTLHOCTH HMMITYJIbCA TIOJICBETA MPUBEIO K YBEIHMUEHHUIO 3(P(EKTUBHOCTH MOJAaBICHUS
MOMEXH OOpaTHOTO pacCesHUsl, K YJIYUYIICHUIO KOHTpacTa M300paKeHUs W K TOBBIIICHUIO
TOYHOCTH OTNPEIEIICHUS PACCTOSHUS 10 HAOII0JaeMbIX 0O BEKTOB.

BroiBoabl: [IpuMeHneHne pe3yabTaToB HUCCIICIOBAHUS MTO3BOJISET MOBBICUTH P HEKTHB-
HOCTb TIOJIaBJICHHSI IOMEXHU OOpaTHOTO pPacCesHUs aKTUBHO-MMITYJIbCHBIMHU TEIEBU3MOHHBIMU
U3MEPUTEIIbHBIMUA CHUCTEMaMH B CIIOXHBIX METEOYCJIOBHSAX ISl OOCCICUYCHHS] HaBUTAIUH
TPAHCIOPTHBIX CPEACTB.

/
Kniouesnie cnosa: momexa oOpaTHOTO paccessHUs, KOHTPACT, AKTUBHAS 30HA BUJICHUS,
CJIO’KHBIE METEOYCJIOBHS, aKTUBHO-UMITYJIbCHASI TEJICBU3MOHHAS N3MEPHUTEIIbHAS CUCTEMA.
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Introduction

Currently, in modern science and technology, there is a growing dissemi-
nation of technical vision systems which are able to efficiently perform tasks of
searching and detecting the objects observed in rough weather conditions (fog,
haze, dust, snowfall).

The operational range and possibility of detection of the objects by means
of conventional television systems are seriously limited in the conditions of low
transparency of the propagation atmosphere. The basic reason for limitation of
detection and identification ranges in rough vision conditions is the impact of
backscatter interference [1].

Backscatter interference occurs due to light photons’ scattering on the at-
mosphere aerosols in the direction of the observer, which leads to significant de-
crease of the image contrast and, consequently, to impossibility of detecting and
identifying the objects of observation [2].

There is quite a broad spectrum of monitoring systems for work in the
complicated visibility conditions:

e passive and active-passive low light television systems;

e active pulse television measuring systems (AP TMS);

e thermal vision systems.

AP TMS efficiently eliminates the backscatter interference and is not sen-
sitive to low temperatures unlike thermal vision systems. The working principle
of AP TMS is based upon space pulse illumination and time strobing of the pho-
todetector which is equipped with fast shutter.

The essence of the method is brought to the following. The object of ob-
servation is illuminated by light pulses, duration of which is significantly shorter
than the light probation time to the object and back. In the case when time delay
between pulse emission moment and shutter opening moment is equal to double
time necessary for the light to cover the distance to the object and back, the ob-
server will be able to see only the object itself and the area of space surrounding
it. The depth of this space is determined by both the time of opening state of the
shutter and the duration of the light pulse [3].

As a photodetector in the active pulse television measuring systems, as a
rule, the image intensifier tube is used, which operates in the pulse mode. The
image intensifier tube in the active pulse television measuring systems functions
as a fast-acting electronic shutter and image brightness enhancer. To receive
video signal, the image intensifier tube is synchronised with video camera.

The synchronisation is feasible by means of joining through fiber-optic
element (focon), direct joining of image intensifier tube to light-sensitive ele-
ment of the television camera or with the use of the relay coupling lens.

The use of the relay coupling lens is justified by the emergence of heavy
interferences in the energetics of the carried optical image. The synchronisation
by means of joining through focon or direct joining of image intensifier tube to
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light-sensitive element of the television camera causes impossibility of quick
change of the device components (non-module construction) and increase of its
costs [4, 5].

As the illuminator for AP TMS, the laser-based or LED-based lighter is
used, which works in the pulse mode. The duration of the illumination pulses
may reach tens or units of nanoseconds, enabling reaching a high pulse power,
with the photodetector’s short exposure time significantly decreasing back-
ground light sensitivity of the system [6].

Depending on the purpose, AP TMS may be used in air, ground, under-
ground, surface and underwater conditions.

The increase of the range of AP TMS is possible both by means of in-
crease of power of the illumination and decrease of the number of radiation an-
gles and acceptance angles.

The most grounded decision, when dealing with significant illumination
power, is the scheme of group module of the lighter. The lighter made according
to this scheme consists of a range of standard modules with optical axes parallel
to each other.

Each module has an objective and an emitter having a laser diode matrix
with or without integrator. The radiation of all the modules is focused in one ra-
diation angle, equal to the radiation angle of one module. This scheme of the
lighter ensures its minimal longitudinal dimensions and simple radiation form-
ing scheme. The scheme is also convenient with its high repairability, as in case
of failure of one module, it can easily be replaced with another one [7].

Depending upon changes of weather conditions, different working modes
of the active pulse television measuring systems are used: uninterrupted, active
uninterrupted or active pulse mode with the time selection of radiation pulse re-
flected by the objects.

In the active pulse mode, the control of the AP TMS observation range is
carried out by virtue of changing the delay of opening the shutter of the photode-
tector relative to the illumination pulse (strobing delay). The strobing delay con-
trol in the image intensifier tube enables receiving information about the dis-
tance to the observed object with a certain tolerance which depends upon the
depth and the form of the active vision area.

The strobing delay control of the image intensifier tube in the AP TMS
may be realised both manually and semi-automatically, with the use of pro-
grammable logic.

When operating manually, the strobing pulse delay, preliminary set for a
certain value, is manually gradually and continuously, or discretely and incre-
mentally, increased or decreased to the value corresponding to the maximum or
the minimal performance range of the AP TMS. When changing the delay, the
zone of the observation is continuously or discretely shifted in range and is
combined with the object of interest by the operator. This mode of operation re-
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quires constant involvement of the operator and is not efficient when dealing
with fast-moving objects.

When operating semi-automatically, the strobing pulse delay is periodical-
ly changed, the scanning of the zone of observation from the minimal to the
maximum performance zone is carried out, and detection of the object down the
depth of visibility takes place. This mode does not require constant involvement
of the operator and can be used when dealing with fast-moving objects.

The AP TMS active vision area

The form of the active vision area will represent the result of convolution
of the illumination pulse S, and the strobing pulse of the image intensifier tube
Sg- If the pulses are of the rectangular form and have equal duration, their active
vision area will have the form of triangle (fig. 1).

A Energy

\ 4

O Strobe delay Distance

-
-

¥

Fig. 1. Active vision area for rectangular illumination pulses and strobing at 7, = 7,
without taking into account reduction of light energy

Since the illumination radiation pulse reflected from the object, which is
located at a distance corresponding to the strobing delay of the image intensifier
tube, will be being received during the entire opening state of the image intensi-
fier tube, with the duration pulses being equal, the centre of the active vision ar-
ea will have the maximum energy in one point and will correspond to the strob-
ing delay of the image intensifier tube [8].

The depth of the active vision aread, will depend upon the total duration

of the illumination and strobing pulses of the image intensifier tube
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_ (T, +74)-C
z 2 '
where 7| —the illumination pulse duration,

(1)

74 — the strobing pulse duration of the image intensifier tube;

¢ — the speed of light.

In case the duration of the illumination pulse is less than that of the strob-
ing pulse of the image intensifier tube, the active vision area will acquire the
form of trapezoid. The maximum energy area will be somewhat extended, and
the point, corresponding to the strobing delay of the image intensifier tube, will
be located in the beginning of the maximum energy area (fig. 2) [9].

A Energy

L 4

O Strobe delay Distance

Y

-
-¢

Fig. 2. Acitve vision area for rectangular pulses at 7, < 74

The starting point of the active vision area dzs,t at any duration relations
depends upon the illumination pulse duration and is determined by the expres-
sion

(t,—t.)-C
dzstart = #’ (2)

where tp — the strobing delay of the image intensifier tube;

7. — the illumination pulse duration;

Cc — the speed of light.

In the fig. 3, there are given expressions by means of which the major
points of the active vision area, at 7, < 7y for square waveforms, can be
calculated.
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Fig. 3. Calculation of major points of the area for 7 < zg

Practically, during the propagation in the atmosphere, the attenuation of
the illumination is determined by two factors. One of them is reversely propor-
tional to the square of the distance to the object, the other has a negative expo-
nent. Therefore, the decrease of transparency of the atmosphere will be followed
by the increasing distortion of the active vision area form [10].

Besides, rectangular short duration pulses with high amplitude are techni-
cally difficult to realise, therefore the calculation of the active vision area should
be conducted taking into account the signal edges’ duration, which will influ-
ence the form of the active vision area.

To calculate the form of the active vision area, taking into account the at-
tenuation of light energy of the illumination proportionately to the square of the
distance and attenuation in the hazy propagation atmosphere, the following ex-
pression is used

1 2L
SZ(L)_ﬁZ(L)!Sg (t+1ogcj-SL(t)dt, 3)

where 7 — the integration time;

L — the distance;

S, (t) — the illumination signal;

Sy(t) — strobing signal of the image intensifier tube;

o(L) — the coefficient of the optical quenching of the propagation atmos-
phere.
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In the fig. 4, there is a result of calculation of the active vision area for 15
metres (area 1) and 30 metres (area 2) at the same illumination pulse duration
and strobing pulse duration of the image intensifier tube (60 ns), taking into ac-
count the illumination attenuation proportionately to the square of the distance
and considering the optical quenching in the propagation atmosphere (light fog),
which equals 20 dB/km.

Thus, it has been shown that at short observation distances, the active vi-
sion area is significantly distorted in the conditions of decreased transparency of
propagation atmosphere. The area of the maximum energy of the active vision
area is shifted from the centre of the area to its starting part, which leads to en-
hancement of the residual backscatter interference, light clutter from near ob-
jects, reduction of image contrast and tolerances in determination of the distance
to the object under observation.

To minimise the consequences of the active vision area distortion, the du-
ration of pulses of the illumination source should be reduced. The reduction of
the duration of the pulses of the illumination source relative to the duration of
strobing pulses of the image intensifier tube will result in the enhancement of
steepness of the active vision area leading edge and the shift of the point, which
corresponds to the strobing delay of the image intensifier tube, to the initial area
of the active vision area.

The fig. 5 shows the result of calculation of the active vision areas for the
distances of 15 metres (area 1) and 30 metres (area 2) in the parameters of the
propagation atmosphere. The duration of the illumination pulse has been re-
duced twice, to 30 ns, the duration of the strobing pulse of the image intensifier
tube has been increased to 90 ns.

[ [
s Area 1

jow =» Area 2

1
1
1
1
1

ol - U - A~~~
S I VG o

Fig. 4. The model of the active vision area for distances of 15 and 30 metres
(the points mark the distance, which corresponds to the strobing delay
of the image intensifier tube)
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Fig. 5. The model of the active vision area (the distortions are compensated with the steepness
of the leading edge of the active vision area)

Experimental research of the model of Active Pulse Television
Measuring Systems (AP TMS)

To test the results of the modelling, a range of experiments under condi-
tions of decreased transparency of the propagation atmosphere by means of AP
TMS has been carried out. The system was developed by the authors of the arti-
cle, at the Department of Television and Management, Tomsk State University
of Control Systems and Radioelectronics (TUSUR).

The system comprises (fig. 6): the input objective, the image intensifier
tube (1IT), which matches the objective, the image source (a monochrome
CMOS 800 TVL) with increased sensitivity, the illuminator, the power source,
the control blocks and computers with special software. The illuminator is the
pulsed semiconductor laser which operates in the NIR.
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Fig. 6. Structural scheme of AP TMS

The appearance of the AP TMS model is seen in the fig. 7.
Technical characteristics of the AP TMS model:

e the system’s range vision up to 200 metres;

e the system’s vision angle 612 degrees;

e optical power of the illumination in the pulse 320 W,

e wave length of the illumination radiation 842 nanometres;

e pulse repetition frequency of the illumination 50-4950 hertz,;
e duration of the illumination pulse 30—-120 nanoseconds;

e duration of the IIT strobing pulses 30—120 nanoseconds;

e depth of the active vision area 9—-36 metres.

Fig. 7. Appearance of the AP TMS model

This article is available under license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,|
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The experimental researches of the Active Pulse Television Measuring
System have been carried out in the Big Aerosol Chamber (BAC) of V.E. Zuev
Institute of Atmospheric Optics of Siberian Branch of the Russian Academy of
Science.

The imitation of fog in the BAC was performed with the help of the fog
generator which evaporated hydroglyceric mixture. Filling of the BAC with
smoke was carried out by means of incineration of pine logs in a special furnace.
As a rule, turbidity of the propagation atmosphere with fog or smoke kept till in
the active uninterrupted mode of performance of the AP TMS (without strobing
of the II'T, with active illumination), it was impossible to detect measuring test
charts and objects of observation, located in the field of vision of the system. Af-
ter that, the mixture of aerosols was evenly distributed in the entire BAC by ven-
tilators during the course of 30 minutes.

In the fig. 8, 9 there are video frames of the AP TMS depending on the
modes of performance and level of transparency of the propagation atmosphere.

During the experimental researches of the model of the AP TMS in the
BAC, for testing the results of the simulation of the active vision area, the dura-
tions of illumination pulse and the IIT strobing pulse at constant delay of strob-
ing were controlled.

The fig. 10 shows the frames of the AP TMS in the conditions of dense
fog. The object of the observation was test chart (marked as a rectangular)
placed at a distance of 21 metres (strobing delay of the IIT — 140 nanoseconds)
with the strobing pulse delay of the 11T of 120 nanoseconds.

As it is seen from the fig. 10, the contrast of the image of the observed ob-
ject, obtained at equal durations of the illumination and strobing pulses of the
image intensifier tube, is significantly decreased due to impact of the backscatter
interference, and the objects having the maximum brightness in the frame are
located at a distance of 15 metres. On the contrary, the image of the observed
object, obtained at a duration of the illumination pulse of 30 nanoseconds, has
the maximum brightness in the frame and is distinctively more contrasting,
which, on the whole, confirms the results of the simulation of the active vision
area of the AP TMS.
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Fig. 8. Active uninterrupted mode of the AP TMS:
a) normal transparency of the propagation atmosphere; b) dense fog

Fig. 9. Active pulse mode of the AP TMS, dense fog

a b
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Fig. 10. The image of the object of observation:
a) duration of the illumination pulse — 120 nanoseconds,
b) duration of the illumination pulse — 30 nanoseconds

Shows the results of measuring the digital contrast of the object of obser-
vation depending upon duration of the illumination at constant duration of the
strobing pulse of the IIT (120 nanoseconds) and strobing delay (140 nanosec-
onds). Duration of the illumination pulse is 120, level of contrast of the object
observed is 97, 60 nanoseconds — 193, 30 nanoseconds — 230.

Conclusions

As a result of the researches, the models of the active vision areas were
obtained, taking into account the attenuation of the optical radiation proportion-
ately to the square of the distance and its quenching in the propagation atmos-
phere. It has been found out that if the durations of the illumination and strobing
pulses of the image intensifier tube are equal, then in the conditions of low
transparency of the propagation atmosphere, the form of the active vision area
significantly distorts. The area of the maximum energy of the zone is shifted
from the centre of the zone to its initial part, which leads to increase of the re-
sidual backscatter interference and, consequently, to decrease of the contrast of
the image of the observed object. The decrease of the illumination pulse dura-
tion relatively to the duration of the strobing pulse of the IIT leads to increase of
steepness of the leading edge of the active vision area and concentration of the
maximum of energy in the point, corresponding to the temporary strobing delay
of the IIT. High steepness of the leading edge of the active vision area enables
efficient eliminating the backscatter interference, and the maximum energy in
the point which corresponds to the temporary strobing delay of the IIT, increases
accuracy of determination of the distance to the objects under observation. The
results of simulation have been confirmed by experimental researches of the
model of the AP TMS, which enables concluding that making efficient systems
of navigation of transport modes in heavy weather conditions with the use of the
AP TMS is feasible.
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SELECTION OF THE OIL TERMINAL TANK
FARM SCHEME
BY A SET OF CRITERIA

Aim: It is known that to simplify the process of transshipment of goods at the junction of
different modes of transport, aimed at reducing the cost of transportation of liquid fuel, terminals
are used, representing the capacity of different volumes (as cargo in this article means liquid fuel).
The size of the designed terminal depends on many factors, but first of all on the mass of fuel to
be stored due to inconsistency in the interaction of modes of transport with each other. In addition
to this fundamental factor in the construction are considered and others, which in some cases may
be important when choosing a terminal scheme. Such factors include, for example, construction
costs, future maintenance costs, payback periods of the new terminal, etc.

Method: The development of the new terminal scheme is connected with the solution
of a multicriteria problem with an objective choice of the best solution possible. This article
shows such a solution using the developed algorithm [3].

Conclusion: When considering fuel transportation with the participation of terminals,
the objective method makes it possible not only to determine the best ways of transportation,
but also to find the best schemes of their tank farms.

Keywords: objective method, oil terminal, tank farm a variety of criteria, the technical
scheme.
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JUig ynpolueHus nepeBajiki Ipy30B IIPU CTHIKOBKE Pa3HbIX BUI0B TPAHCIIOPTA U I
COKpAILEHHUS PacXOJI0B MPHU MEPEBO3KE KUIAKOTO TOIUIMBA HUCIIOJIB3YIOTCS TEPMHUHAIBI, TIPE/-
CTaBISIONIME CO00I EMKOCTH pa3HOro oObeMa (B Ka4eCcTBE IPy30B B HACTOSIICH CTaThe MME-
eTcsl B BUAY KHJIKOE TOITNBO). O0beM NMPOEKTHUPYEMOTro TEPMHUHAJIA 3aBUCUT OT MHOTUX (ak-
TOpPOB, B IEPBYIO 0YEPEAb — OT MACChl TOIIMBA, KOTOPOE HY>KHO XPAaHUTh IIPU HECOTJIACOBAH-
HOM B3aUMOJICHCTBUU BHJIOB TpaHCHOpTa. Takke paccMaTpUBAaIOTCS Jpyrue (QaxTopsl,
HarpuMep, 3aTpaThl HA CTPOUTENBCTBO M Ha Oynayiiee oOCIy)KMBaHHE, CPOKH OKYMaeMOCTH
HOBOT'O TEPMHHAJIA U JIPYTHE.

Heasn: Pazpaborate cxemy HOBOTO TE€pMHUHANIA Ui OOBEKTUBHOTO BBIOOpA JIyUIIETO
pellIeHUs U3 BO3MOXKHBIX.

BeiBoasbl: [Ipu paccMOTpeHUH TEPEeBO30K TOIUIMBA C YYaCTHEM TEPMHHAIOB OOBEK-
TUBHBII METOJ MO3BOJISIET HE TOJBKO ONPEACTUTH JIYYIIUE MYyTH TPAHCHOPTHUPOBKH, HO U
HaWTH JIy4yIIMe CXEMbI PE3EPBYapHbIX ITAPKOB.

Kniouesvie cnosa. 00beKTUBHBIN METOJ], HEPTSIHON TEpMHUHAN, Pe3epBYapHbIN MaApK, TEX-
HHMYECKasi CXeMa.

Introduction

Almost in all branches of science and industry, there arises a necessity, af-
ter all conducted experiments, research and calculations, to compare several ob-
jects or technical suggestions, which are aimed at solving the same task, namely
to finally choose one of them, which fully meets the given requirements (crite-
ria). This scope of tasks also comprises the determination of the best scheme of
the reservoir farm at the junction of the ground and water transport on the basis
of comparison of different options, considering the given criteria. The essence of
the suggested method to choose a promising option lies in the consideration of a
number of criteria used for the process. The criteria used have different dimen-
sions, so the choice of the best solution here is always associated with a certain
processing (or reprocessing) of these criteria to bring them to a common "de-
nominator”, which is not an easy task. Practically, the right choice of the best
solution even by three or four criteria makes a complicated task.

Considering the overall scientific and industrial interest towards the solu-
tion of the task of this kind, this paper shows the used method, which enables
correct choosing the best solution from the criteria considered, including those
which are contradictory.

Generally, the presented approach to the solution of this kind of tasks en-
ables expanding the possibilities of the theory of the transportation management
at the expense of increase of the quality of the transportation according to the
criteria considered in each certain case. We will show the performance of the
suggested approach when solving the certain task — the choice of the scheme of
the terminal used for transshipment of the liquid fuel at the junction of the
ground and water transport.

It needs pointing out that by this time, little attention has been given to the
issue of the rational choice of the volume of the reservoir farm of the oil trans-
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shipment terminals. The establishment of the highly efficient and sustainable in-
termodal transportation system in the river and sea ports, as well as the rationali-
sation of the capacities of the existing oil terminals to ensure the interaction be-
tween the adjacent modes of transport, are described in the works [1-9]. How-
ever, the conclusions made in these works and the methods and approaches to
the solution of the future tasks need to be improved,

When determining the rational volume of the reservoir farm of the oil
terminals one uses the methods, which do not take into account the actual load
of the reservoirs and the amount of the cargo transshipped. The determination of
the rational capacity of the reservoir park without taking into account the inter-
acting traffic flows and the productivity of transshipment, leads to the increase
in idle time in ports and on railway tracks.

Problem statement

The choice of the scheme of the terminal is a task, the essence of which
consists in the simultaneous assessment of a number of factors (criteria) and
choice of their best final combination.

As for the main criteria, let us take the following ones:

Kyr — the volume of the terminal (m®);

Kce — the construction costs (thousand rubles);

K,r —the installation time (days);

Kgme — future maintenance costs (thousand rubles/year);

Kgrec — future reservoir repair costs (thousand rubles/year);

Kg —economic losses at the terminal’s downtime (thousand rubles/year);
K — risks associated with financial losses during the operation of the

terminal (points).

In the task, there is hypothesis that the presence of a large amount of car-
go at the terminal (at the set total volume) decreases the financial risks due to a
lower possibility of the simultaneous failure of the most part of the terminal.

Solution of the task

The total volume of the terminal kyr, when solving the task of the choice
of its best scheme, should be set on the basis of the preliminary analysis and cal-
culation of many factors, that ensure minimal financial losses of the participants
of the transportation process, as it is them that are interested in a uninterrupted
transportation of cargo (in this case — the liquid fuel). Thus, the choice of the
scheme of the terminal at the set total volume is the important multicriteria task.

The construction costs of the terminal ke for each scheme are determined
by the corresponding normative documents and are set in order to solve the task

Received: 20.02.2018. Accepted: 25.03.2018  This article is available under license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
Tpancnoptabie cucTeMsbl i Texnosorun. 2018;4(1):84-93 doi: 10.17816/transsyst2018041084-093  Transportation Systems and Technology. 2018;4(1):84-93



https://creativecommons.org/licenses/by-nc-sa/4.0/

87 TPAHCHHOPTHBIE CUCTEMbI U TEXHOJIOT'MHA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

stated in the work. For each of the set options, the criteria K1, Kemc, Krre, Ker, Kr
in this task are set and used during the solution as the initial conditions.

During choosing the best scheme of the terminal, below the four options
are considered Ay, ..., A4 by the criteria given above. The options under consid-
eration differ by the amount of reservoirs of the terminal at its constant total
volume. At the same time, in the option A; one reservoir will be considered,
with 2, 3, 4 reservoirs in A,, As, A4 respectively. Below, the values V of all the
above-mentioned criteria for options Ay, ..., A4 are given, whereby it is not im-
probable that in practice, in a number of cases other or additional criteria can be
considered, which can find a more substantial solution.

Thus, it is set that:

Option A4

V5 — 20 thousand m® (one reservoir);

VZE — 59 250 thousand rubles (here and below, the values of this criterion

are indicated in accordance with the Table 1, whereby the columns of costs of con-
struction and installation are put together; the same is for options A,, Az, Ay);

Vst — 105 days (table 1);

Viuic — 3150 thousand rubles/year;
Vise — 2000 thousand rubles/year;
V¢! — 12 000 thousand rubles/year;

V4! — 0,6 (can be changed within 0+1, whereby it is assumed that the more
the level of risk is (that is, worse for the customer), the closer the figure is).

Option A;

Via? — 20 thousand m® (the total amount of two reservoirs, each of which
is 10 thousand m°);

VZE — 67 475.1 thousand rubles (table 1);

V\?? — 176 days (table 1);

V2. — 4400 thousand rubles/year;

Via. — 2600 thousand rubles/year;

V{2 — thousand rubles/year;

Va2 0,7,

Option A;

Vi3> — 20 thousand m? (the total amount of three reservoirs of 10, 5 and
5 thousand m®);
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VZE - 67 639.21 thousand rubles (table 1);
V3 — 212 days (table 1);

Vi — 5200 thousand rubles/year;

Vi, — 3000 thousand rubles/year;

VZ)® — 6000 thousand rubles/year;

Vad —0,8.
Table 1
Cost and time data
The volume of the The cost of the The cost of the The time of the
reservoir, m® structure, rubles installation, rubles installation, days

100 806 000.00 550 560.00 12

200 1171 875,00 800 480,00 15

300 1500 000,00 1024 614,00 17

400 1687 500,00 1152 690,00 20

500 1640 000,00 1130 740,00 23

700 2250 000,00 1551 320,00 25

1000 2718 750,00 1848 750,00 26

2000 4680 000,00 2839 650,00 36

3000 7290 000,00 4649 280,00 51

5000 10 350 000,00 6600 829,00 62
10 000 20 955 000,00 12 782 550,00 88
20 000 37 500 000,00 21 750 000,00 105
30 000 45 000 000,00 26 100 000,00 125
50 000 75000 000,00 42 000 000,00 160
Option A4

V\f}“ — 20 thousand m® (the total amount of four reservoirs of 5 thousand
m? each);

V& — 67 803,32 thousand rubles (table 1);

V" — 248 days (table 1);

Vit — 5800 thousand rubles/year;

Vb — 3300 thousand rubles/year;
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V{* — 4000 thousand rubles/year;

Va4 —0,9.

Solving the task in accordance with the algorithm [10], similar to the solu-
tions of the tasks in [11, 12] by numerical values V of the criteria of the options
Ay, ..., Ay, let us construct the table 2. Due to the fact the value Vt (the volume

of the terminal) is constant for all the options (independent of the option of the
scheme), it is omitted in the Table.

Table 2
The values V of the criteria for the options Ay, ..., As.
The numeri- The options
cal numbers
Of th.e A A, Az Ay
criteria
Vv 59 250 thousand | 67 475,1 thou- | 67 639,21 thousand 67 803,32
cc rubles sand rubles rubles thousand rubles
Vit 105 176 212 248
v 3150 thousand | 4400 thousand 5200 thousand 5800 thousand
FMC rubles rubles rubles rubles
vV 2000 thousand | 2600 thousand 3000 thousand 3300 thousand
RRC rubles rubles rubles rubles
12 000 thousand | 8000 thousand 6000 thousand 4000 thousand
VEeL
rubles rubles rubles rubles
VR 0,6 0,7 0,8 0,9

Using the Table 2, let us construct the Table 3 of three places “P” (the
values are in the square brackets) of the options considered (A, ..., Ay) by each
criterion and multiply these values by the corresponding “weight” (0 <w < 1) of
the criterion (further below the “weight” will be given without inverted com-
mas). It should be reminded that in accordance with [10], the more the weight
(closer to 1) is, the more significant this criterion is, and, thus, the more refined
the value of the place M (P = Mpion) 1S, in relation to others by this criterion.

Let us assign the following values of the weight to the criteria:

kcc — w=1,0; k|'|'—> w =0,75;

kFMC_) w =0,90; kRRC_) w =0,70;

kEL_) W= 0,70, kR—) W= 0,65

Let us introduce the value of m on each of the options Ay, ..., A4, where
m equals the sum of the values M on each of the options A, ..., A4 considered,
into the table 3.
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Table 3

The refined places M of the options in Ay, ..., A4 considering the weights w
of the criteria

IMoxa- The options
3aTCJ1b Al A2 A3 A4
Mcc [4]-1=4 [3]-1=3 [2]-1=2 [1]-1=1
Mt [4]-0,75=3 [3]-0,75=2,25 [2]-0,75=15 [1]-0,75=0,75
Mgrmc [4]-0,9=3,6 [3]:0,9=27 [2]-09=18 [1]-0,9=0,9
Mgre [4]-0,7=28 [3]-0,7=2,1 [2]-0,7=14 [1]-0,7=0,7
MEeL [1]-0,7=0,7 [2]-0,7=14 [3]-0,7=2,1 [4]-0,7=2,8
Mg [1] - 0,65 = 0,65 [2]-0,65=1,3 [3] - 0,65=1,95 [4]-0,65=2,6
m 14,75 12,75 10,75 8,75
na,
(Ay) 47
(A3) 37
(Az) 27
(Ay) 17 .
5 10 15 20 m

The diagram of the values m and n

Using the results given in the table 3, let us construct the dependence
m = f(n), where n=1, ..., 4 (the number of the reservoirs) — of the options
A4, ..., Agrespectively. The dependence is represented in the figure.

As it is seen from the given diagram, the distribution of m in relation to n
represents a linear reverse relationship m = m(n"), which indicates that when
choosing the options of volume schemes of the terminal reservoirs according to
the criteria, using a single container is more preferable (the maximum value of
m in the table and on the diagram), than several ones at a given total volume of
containers.

The statement relates to those conditions (criteria) which were considered
in this task. In other case (when considering other or additional criteria) the line-
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ar dependence (the equation of the straight line) can change, which may result in
other relationship between m and n.

According to the result of the solved task, we can conclude that the meth-
od of the determination of the best solution out of the possible ones can change
in practice in such tasks. The result of the solution is much dependent upon the
initial parameters of the condition of the task, i.e. in our case upon the chosen
criteria and their values and weights.

Summarising this chapter, we will use linear interpolation (the equation of
a straight line through two points) for a spot check of one of the obtained values
of M (the values are given in square brackets in table 3). Let us conduct checking
by the criterion V,r for the option As. Inserting the values V,r and 94 from the

tabl. 2 and 3 into the mentioned equation: V,*3 =V5* =212, V12 =V5? =176,
Vi =[R2 =248, My = My =1, Mpt= = MY =3, We acquire (212-
176) / (248-176) = (mk —1) /(3-1), from where the unknown M,T = mkl =2,
which coincides with the value in the table 3.

Conclusion

The results of the researches in the sphere of multimodal transportation
justified the further development of the theory of transportation in accordance
with the tendencies of time, concentrating on reduction of losses and risks for
the benefit of the customer.

In order to make a correct decision and evaluate the facility for transship-
ment of the liquid fuel, we considered the practical example of an objective
choice of the best scheme of the reservoir farm.

To achieve the set purpose, in the suggested practical example the technical
and economic parameters were used, which determined the reservoirs of the ration-
al volume in order to minimise the current and the future costs at the set risks.

The suggested approach enables unifying the interests of the participants of
the transportation market so that to minimise technical, financial and organisational
losses.

According to the obtained final results, from the competing options the
best one was chosen, judging by all criteria and considering their numerical val-
ues of importance. It should be noted, that the level of the objectivity of the so-
lution increases at the expense of increase of the quality of the weights assigned
to the criteria.
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REGULATION OF THE SUPPLY OF TRANSIT
AND DECONSTRUCTION OF FREIGHT TRAINS
TO THE TECHNICAL STATIONS

The article presents the results of the application analysis of the "Regulation (alternate
arrangement) of transit and remarshalling trains approach to the station, with account for the
situation in team tracks" dispatching technique.

Aim: To substantiate the effectiveness of the “Regulation (alternate arrangement) of
transit and remarshalling trains approach to the station, with account for the situation in team
tracks” dispatching technique.

Method: Simulation using the “Simulation of transport systems” (AvroraW) software
package.

Results: The study revealed that the use of the "Regulation (alternate arrangement) of
transit and remarshalling trains approach to the station, with account for the situation in team
tracks™ dispatching technique results in cutting idle time between operations, saving operating
costs and in more uniform loading of station devices.

Conclusion: The results of the study will contribute to improving the efficiency of
dispatching control of operational work.

Keywords: dispatching/supervisory control, efficiency, simulation modeling.

O I''M. I'pouzes, A.I'. Korenko, A.B. Cyroposckuii, AH.B. Cyroposckuii

[TeTepOyprckuii rocyJapCTBEHHBIN YHUBEPCUTET MyTEH COOOIIEHUS
Nmnepatopa Anekcanapa 1

Cankr-IletepOypr, Poccus

PENYnMPOBAHUE NOABOAOA TPAH3UTHbIX
U PA3BOPOYHbIX TPY30BbIX MOE300B K
TEXHUYECKUM CTAHUUAM
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Hpe[[CTaBJIeHH PE3YyJIbTAThl HCCICAOBAHUA TPHUMCHCHUSA OUCIICTUCPCKOIO IIpUcMa
«PerynupoBanue (uepenoBaHHe) MOJBOJAA TPAH3UTHBIX M TMepepadaThIBa€MbIX MOE3I0B K
CTaHIIMU C YYETOM IOJIOKEHHUS B €€ ITapKax».

Heab: O6ocHOBaTh >PPEKTUBHOCTh peaau3aluu AUcIeTyepckoro npuema «Perymnu-
poBaHuE (YepeoBaHME) MOJIBOJA TPAH3UTHBIX U MepepadaThIBAEMBIX MOE370B K CTAHIUU C
Y4ETOM IOJIOKEHHUS B €€ IMapKax».

Metoa: Vcnosnb30BaHO MMUTALMOHHOE MOJEIUPOBAHUE C IIPUMEHEHUEM IPOrPaMM-
HOTo KoMILiekca «MoenupoBaHue padoThl TPAHCIOPTHBIX cucteM» (AvroraW).

Pe3yabTarhl: B Xx0/1€ nccine10BaHUs YCTaHOBIIEHO, UYTO PUMEHEHHE JUCIIETYEPCKOTO
npuema «PerynupoBanue (uepeaoBaHue) MMOABOJA TPAH3UTHBIX U MepepadaThiBAMbIX M0OE3-
J0B K COpTI/IpOBOLIHOf/i CTaHIOMHU C YUCTOM II0JIOKCHHA B €€ MapKax» BCACT K CHUIKCHHUIO MC-
JKOTIEPAIIMOHHBIX MPOCTOEB, SKOHOMHH JKCIUTyaTalMOHHBIX PAacXoJ0B U Ooyiee paBHOMEPHOI
3arpy3Ke yCTPOMCTB CTAHIMH.

BbiBoabl: pe3ynbTaThl HCCIEIOBaHUS OyIyT CHOCOOCTBOBATH MOBBHIMICHUIO Y dek-
TUBHOCTH JUCIETUEPCKOTO PErYINPOBAHMSI SKCILTyaTalluOHHON PabOTHI.

Knrwouesvie cnosa: nucnerdepckoe perynupoBanue, 3pQpeKTHBHOCTb, UMUTALIMOHHOE
MOJIeJTUPOBAHUE.

Introduction

During the last years increased train traffic bound to ports of the North-
western Federal District resulted in major increase of railroad sections, train
yards and port stations of Oktyabrskaya Railway (October Railway), which in its
turn triggered delays in train traffic and increased cars downtime.

Multiple dispatcher techniques were developed over the years of existence
of the railway transport dispatcher system [1].

Several methods and techniques targeted at train yards efficiency
enhancement were used over the years of dispatching practice [2—4].

Special methods and complexes of analytic expression were developed as
part of the study of workflow arrangement and information technologies at the
St. Petersburg Moskovsky Marshalling Yard used in operational and economic
feasibility calculations and in evaluation of multiple dispatching methods and
techniques application efficiency.

This article presents the following technique: regulation (alternate
arrangement) of transit and remarshalling trains approach to the station, with
account for the situation in team tracks.

Short profile of St. Petersburg Moskovsky Marshalling Yard

The St. Petersburg Moskovsky Marshalling Yard is a basic non-class
railway marshalling yard of the St. Petersburg railway junction, and appears as a
bidirectional station with in-line arrangement or receiving yards, gravity hump
yard, sorting yard and departure yard in each classification system.

Classification systems are arranged parallel to each other, see fig. 1. The
“Uneven” system works deals with car traffic arriving from train stations of the
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St. Petersburg railway junction, from Vyborg and Kouznechny stations and from
Finland, Estonia, Lithuania, Latvia and Belarus. The “Even” system is used for
car traffic coming from Mga (Sonkovo, Boudgoshsh, Kirishi, Volkhovstroy,
Petrozavodsk, Babevo) and Moscow (Bologoe, Malaya Vishera, Tchudovo,
Novgorod, Kolpino).

Fig. 1. St. Petersburg Moskovsky MarshallingYard

Regulation (alternate arrangement) of transit and remarshalling trains
approach to the station, with account for the situation in team tracks

In order to arrange the station dispatcher shift paced operation in coordi-
nation with the Railroad Operational Control Center rational alteration approach
of transit and remarshalling trains to the station shall be arranged in conformity
with the marshalling devices and receiving and departure tracks rhythm of work.
This results in enhancement of unhampered train admission at the station [5—7].

In order to arrange such efficient operation within the St. Petersburg
Moskovsky Marshalling Yard, experiments were performed with the use of
simulation modelling at different percentage ratios of transit and remarshalling
trains arriving at the station during the design day.

To evaluate the efficiency of the train dispatching method the analysis
was performed and informational implementation technologies were developed,
as well as graphical characterization and algorithms were established in order to
introduce this dispatching method in the simulation model.
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Simulation modelling was performed throughout the year (365 days) with
plotting comparable diagrams of basic transport system elements involvement
for each day with application of the dispatching technique under study and
without application of this technique.

Schematically the “Regulation (alternate arrangement) of transit and re-
marshalling trains approach to the station, with account for the situation in team
tracks” technique is presented in fig. 2.

Tr. Tr. Rem.

A

Tr. Rem. Tr.

ts

Fig. 2. Schematic presentation of the “Regulation (alternate arrangement) of transit
and remarshalling trains approach to the station, with account for the situation
in team tracks” technique

This fragment of the train schedule diagram shows two transit trains (Tr.)
and one remarshalling train (Rem.) moving one after another from station A in
the direction of marshalling station C with train-to-train interval (assumed equal
to 10 minutes for calculation purposes). In order the trains reach station C on
alternate basis, the second transit train shall be set for overtaking by the
remarshalling train.

Irregularity of trains arrivals shall be accounted for in simulation
modelling through the use of probability theory methods.

Formalized presentation of simulation model implementation for
dispatching regulatory impact is shown in fig. 3.
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Fig. 3. Formalized presentation of implementation of the “Regulation (alternate arrangement)
of transit and remarshalling trains approach to the station, with account
for the situation in team tracks” dispatching technique
within the simulation model framework

Fig. 3 shows all impacts and responses in vector form: N(k) (n(k)i) — incom-
ing freight trains traffic flow, comprised of k categories (transit trains and remar-
shalling trains) and characterized by non-uniformity throughout the year, month,
week and day; T(ti) — duration of activities related to incoming trains traffic flow;
R(ri) — resources of the station; Y(yi) — simulation model responses; A(ai) — ran-
dom component of the station operation process; U(ui) —control impact.

Simulation modelling of processes implemented at the station makes
possible to compare values of in-process downtimes for the following options:
with and without application of the dispatching technique [8].

The fig. 4 shows the diagrams presenting the relationship between average
in-process downtimes characteristic curves without application of the
“Regulation (alternate arrangement) of transit and remarshalling trains approach
to the station, with account for the situation in team tracks” technique and with
application of this technique as function of remarshalling trains percentage.

In case the “Regulation (alternate arrangement) of transit and remarshalling
trains approach to the train station, with account for the situation in team tracks”
technique is not used, downtimes resulting from waiting for operations
implementation shall be significantly higher than the ones in the case when such
dispatching techniques are used.

Comparison of total downtimes caused by waiting for operations
implementation showed that maximum effect due to application of the technique
Is reached when transit trains constitute 50 % of total trains traffic.
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Fig. 4. Diagrams presenting relationship between average in-process downtimes and remar-
shalling trains percentage without application of the “Regulation (alternate arrangement) of
transit and remarshalling trains approach to the station, with account for the situation
in team tracks” technique and with application of this technique

The diagram shows that pronounced effect is observed when transit trains
constitute 20 % of total trains traffic.

Model experiments were performed as part of the study and dispatching
technique application efficiency was analyzed on the day-to-day basis
throughout the year. Fig. 5 shows changes of total and average “waiting for
service” delays during the first month without the “Regulation (alternate
arrangement) of transit and remarshalling trains approach to the station, with
account for the situation in team tracks” technique and with application of this
technique (transit trains constitute 50 % of total trains traffic).

Fig. 5. Diagrams of total and average “waiting for service” delays during
the first month without application of the “Regulation (alternate arrangement) of
transit and remarshalling trains approach to the station, with account for the
situation in team tracks” technique and with application of this technique (transit
trains constitute 50 % of total trains traffic)

Fig. 5 shows that in-process downtimes are subject to sizeable fluctuations
during the month, while average delays caused by waiting for service with
application of the dispatching technique (1,14 train-hours) are lower than
average delays without application of this technique (12,76 train-hours).

Schedules of main transport system elements employment (standard day)
without application of the “Regulation (alternate arrangement) of transit and
remarshalling trains approach to the station, with account for the situation in
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team tracks” technique and with application of this technique are presented in
fig. 6 respectively (50 % of transit trains).

52 ’ _.total delays with
48 I §? ng?gganique
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40 I total average de-
l Igys with applica-
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Fig. 5. Diagrams of total and average “waiting for service” delays during the first month
without application of the “Regulation (alternate arrangement) of transit and remarshalling
trains approach to the station, with account for the situation in team tracks” technique and

with application of this technique (transit trains constitute 50 % of total trains traffic)

Calculations were performed aimed at evaluation cost savings based on
application of this dispatching technique both for electric and diesel propulsion
[9-11].
Results of operational cost savings calculations due to alternation of ap-
proach of freight trains in the ratio of 20% of transit trains and 80% of remar-
shalling trains can be presented by way of example.

RUR 14,7 th. per day with electric propulsion

RUR 13,5 th. per day with diesel propulsion

This article is available under license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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Devices a)
numbers and Day hours

Loading | Downtimes|
1 " % n » n Min/day | train-hours

| 00 |
10 | 000

m 368

877 255

806 135

587 093

Total: 13.77

wmmm direct employment of devices Delays

s joint employment of devices W waiting for operation execution
Devices b)
numbers and Loading | Downtimes
names Min/day train-hours
9 “uneven” approach 310 0.00
. {
18 hump locomotive 308 0.00
7 teams receiving inTr. | 1085 113
6 teams Inspectors Tr, | am 0.00
5 teams receiving in Rem. [+ 653 0.00
14 teams Inspectors Tr. 653 0.00
+ {
3 yard tracks Tr. od M 0.00
12 yard tracks Rem 7% 0.00
1 pproach 413 0.00

Total: 1.13

mmm direct employment of devices Delays
W joint employment of devices s waiting for operation execution

Fig. 6. Schedule of main transport system elements employment (standard day) without appli-
cation of the “Regulation (alternate arrangement)
of transit and remarshaling trains approach to the station, with account for the situation in
team tracks” dispatching technique (a)
and with application of the dispatching technique (b) (50 % of transit trains)

The study showed that application of the "Regulation (alternate arrange-
ment) of transit and remarshalling trains approach to the station, with account
for the situation in team tracks" dispatching technique results in cutting down-
times between operations, in saving operating costs and in more uniform loading
of station devices.

Conclusion

Development of information technologies and implementation of state-of-
the-art dispatching methods and techniques at freight stations, as well as algo-
rithms of making economically viable operative decisions with respect to appli-
cation of these techniques, promote trains operation according to set time sched-
ules on railways of the country [12-14].
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USE OF EXPRESS CONTAINER TRAIN AS
OPTIMIZATION METHOD OF RUBBER EXPORT
CARRIAGE

Aim: The article is devoted to the issue of optimizing the export carriage of synthetic
rubber produced in Russian, using the service of express container trains.

Methods: The analysis of volumes distribution of synthetic rubber production be-
tween the main Russian producers was made and an alternative option was proposed for the
delivery of the products of the largest plant for the production of this raw material to foreign
countries. To assess the economic efficiency of the carriage variant by express container
trains, a comparison was made with the most commonly used method of rubber transportation
by transport costs.

Results: Based on the results of the calculations, it was found that when transporting
rubber in containers as part of express container trains, significant savings in transportation
costs arise.

Practical significance of the work: The relevance of the proposed variant is due to
the growth of cars production and the development of container transportations in the world.
As a result, the transport component is reduced in the final cost of production, which allows
suppliers to be more competitive in the market for the production of this raw material.

Keywords: express container train, synthetic rubber, carriage, container, cargo trans-
shipment.
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[TetepOyprckuit rocy1apCTBEHHBINM YHUBEPCUTET MyTeH COOOIICHMS
Nmneparopa Anexkcanapa I

Cankr-IletepOypr, Poccus

UCIMNOJIb3OBAHUE YCKOPEHHbIX
KOHTEUWHEPHbIX MNOE340B KAK CIMOCOb
ONTUMUIALIUUN SKCIMOPTA KAYHYKA

Henp: Onucare ONTUMHM3ALUIO0 SKCIOPTHOM IOCTABKH CHHTETHYECKOIO KaydyKa,
IIPOU3BOAMMOro B Poccuu, mpy oMo cepBUCa YCKOPEHHBIX KOHTEHHEPHBIX IT0E3/10B.

MeTtoasbi: [IpoaHanu3upoBaHO pacnpeeieHue 00beMOB IMPOU3BOACTBA CUHTETHYE-
CKOro KaydyKa MEJy OCHOBHBIMU POCCHMCKMMH NPOU3BOIUTEISIMH, MIPEMIOKEH AIbTEPHA-
TUBHBIM BApUAHT IIOCTaBKHU IPOAYKLIMHM KPYIHEWIIEro 3aBOoja IO IPOU3BOACTBY JAaHHOIO
CBIpBS B Jipyrue crpanbl. i OEeHKH SKOHOMHUYECKOH 3(()EKTUBHOCTH CPaBHUBAIOTCS Bapu-
aHTHI NIEPEBO3KU B YCKOPEHHBIX KOHTEHHEPHBIX Moe3Aax ¢ HauboJiee 4acTO HCHOIb3yEeMbIM
CIocoOOM TPaHCIOPTUPOBKH KayyyKa Ha IIPeIMET TPAHCIOPTHBIX U3IEPHKEK.

Pesyiabrarbl: BbIABIEHO, UTO IIpU IIEPEBO3KE KaydyKa B KOHTEHHEpax B COCTaBE
YCKOPEHHBIX KOHTEHHEPHBIX IIO€370B 3HAYMTEIIBHO DKOHOMSATCS JACHEKHBIE CPEICTBA Ha
TPaHCIIOPTUPOBKY.

IIpakTnyeckas 3HauuMMocTh padoTbl: brarogaps pocty Nmpous3BOACTBa aBTOMOOU-
JIeW ¥ pa3BUTHIO KOHTEWHEPHBIX IIEPEBO30K B MUPE CHUIYKAETCS TPAHCIIOPTHAS COCTABIIAIOIIAS
B KOHEYHON CTOMMOCTH MPOAYKILHUH, YTO YBEINYUBAET KOHKYPEHTOCIIOCOOHOCTh MOCTaBIIM-
KOB Ha PBIHKE IIPOU3BOCTBA JAHHOTO ChIPBSI.

Knioueevie cnoga: yCKOpPEeHHBI KOHTEMHEPHBIM NO€3],, CUHTETHYECKUH KAay4dyK,
TPaHCIIOPTUPOBKA, KOHTEHHED, IEPETAPUBAHUE I'PY3a.

Introduction

Globalisation, which began in the end of the previous century, is charac-
terised by enhancement of competitiveness, increasing tempo of foreign invest-
ments, increase of volumes of intra-firm trade, establishment of transnational
corporations in a number of branches, including the automobile industry [1].

The world has an increasing number of produced cars. In 2016, more than 94
million transport means were manufactured, which is 4 million more than in 2015
[2]. The increase of cars manufacture leads to increase of demand in rubber which

Received: 13.12.2018. Accepted: 21.03.2018  This article is available under license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
Tpancnoprasie cuctemsl u Texnosornu. 2018;4(1):105-11  doi: 10.17816/transsyst20180410105-118 Transportation Systems and Technology. 2018;4(1):105-118


https://creativecommons.org/licenses/by-nc-sa/4.0/

OPUT'NHAJIBHBIE CTATbU
ORIGINAL STUDIES

TPAHCIHIOPTHBIE CUCTEMBI U TEXHOJIOI' U

107 TRANSPORTATION SYSTEMS AND TECHNOLOGY

is used for production of tires [3]. Far not all of the automobile concerns and spare
parts works are located near rubber suppliers. Consequently, the demand arises to
deliver these materials to manufacture sites by means of selecting the material
transportation mean, which would be the most optimal for the producer.

Setting the task
Analysis of the world’s rubber production volumes

In the production of tires, the natural and synthetic rubbers are used, the great-
est part of which is located in Asia [4]. The second place is held by Europe, Middle
East and Africa. The third place is held by the Americas (Tables 1 and 2) [5].

Table 1
World’s volumes of natural rubber production

Production volume

Production volume

Region in 2015, 10° kg in 2016, 10° kg
Asia and Oceania 11 340 11 420
Europe, Middle East, Africa 597 645
The Americas 334 336
Total 12 231 12 401

Table 2

World’s volumes of silicone rubber production

Region

Production volume
in 2015, 10° kg

Production volume
in 2016, 10°kg

Asia and Oceania 7508 7666
Europe, Middle East, Africa 3914 4130
The Americas 3085 3036
Total 14 507 14 831

The world’s natural rubber production volume in 2016 made 12,4 - 10° kg,
synthetic rubber production — 14,8 - 10° kg.

Russia with its 8,5 % (1,3 - 10° kg per year) of the world’s volume is a big
manufacturer of synthetic rubber. The biggest national synthetic production en-
terprises are represented in the fig. 1 [6].
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Amount of rubber production, kt
311.60.6

PISC
- Nizhnekamskneftekhim #PISC "VSK" N
& JSC “Synthez-Kauchuk” , OJSC“Omsky % JSC "KrZSK"
= Kauchuk

OJSC Efremov Synthetic BOthers

Rubber Enterprise

Fig. 1. Distribution of production of rubber in Russia in 2016

The biggest rubber producer in Russia is Public Joint Stock Company
“Nizhnekamskneftekhim”. The company is one of the top 10 synthetic produc-
ers in the world.

In 2016, more than 88 % of synthetic rubber selling operations of the
company fell on international markets. 75 % of the volume was sold to big en-
terprises both in Russia and abroad.

The amount of export of the company for 2016 is distributed as follows

(fig. 2) [7]:

PJSC “Nizhnekamskneftekhim®™ export amount

BEurope EAsia Ngrth America HSouth America  NM)iddle East B Others

Fig. 2. Amount of Public Joint Stock Company “Nizhnekamskneftekhim” export, %
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It is seen from the diagram that the company exports the largest part of its
product to Asia, Europe and North America. These regions are located at a great
distance from producers. Moreover, export to some of the regions is possible
only by sea.

Analysis of problems related to transportation
of rubber as part of export

The city of Nizhnekamsk, where one of the leading rubber factories is
located, is significantly remote from Russia’s ports (fig. 3). For example, the
distance to the port “Saint Petersburg” is approximately 2000 kilometres; to the
Far East ports — 8000 kilometres. Another problem is large volumes of the
production transported. Hence, the transportation of the production by car is
irrelevant.

Nizhnekamsk

Fig. 3. Location of the rubber factory

With such long distances and large amounts of product transported, rail-
way transportation is more profitable.

As a rule, rubber is transported in covered wagons. In case of the goods
being transported to North America or Asia, there arises the necessity of trans-
shipment leading to the goods being loaded from covered wagon to container for
further seaborne transfer [8]. Since the amount of the goods transported is large,
the procedure increases transport and time expenditures, which in its turn causes
the delivery time to rise.
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When the goods are delivered to Europe, there is a possibility of ground
transportation. Yet even in this case transshipment may not be avoided. This is
related to different track gauge: 1520 mm in Russia and 1435 mm in Europe.

The problems arising during transportation of goods in covered wagons
can be solved by virtue of organisation of transportation of goods in sea contain-
ers by railway. This will significantly decrease transport expenditures and deliv-
ery time, as there will be no demand in transshipment. This measure will help
increase efficiency of such freight transportations [9]. To further reduce the de-
livery time and transport expenditures, this transportation may be arranged with-
in express container train service.

The container train is a train which is made up from flatcars with contain-
ers thereon, running to the destination point without rearranging.

The advantages of express container trains are:

e possibility of transportation of large amounts of goods at one time.
One express container train carries up to 150 TEU;

e decrease of delivery time. Absence of necessity of shunting works of
containers at technical stations;

o fixed transit time during the journey;

e possibility of organisation of heavy containers delivery (loading to the
carrying capacity of containers).

During transportation by express container trains there are two main
drawbacks:

e dense arrival at the destination station. The difficulty of organisation
of one-time export by car transport from the station.

e lack of empty containers in the regions of loading.

Options of solving the set tasks

Delivery of rubber to Europe, America and Asia is feasible on condition
that the intermodal transportation is organised, which means application of sev-
eral modes of transport.

Below the possible options of production delivery to a client’s warehouse
in terms of door-to-door shipping with the use of express container trains service
is seen (Table 3).
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Table 3
Options of rubber transportation with the use
of express container trains service

Tine of trans-

Mg?es portation by
Route express con- Technology of transportation
transport ' .
N Use tainer train,
days

Export to Europe

DOOR PJSC "Nizh-
nekamskneftekhim"

Nizhnekamsk railway
station (freight forward-

1. Empty container picking;

2. Delivering container for further
loading to PJSC "Nizhnekam-
skneftekhim™;

3. Delivering the container with
freight to Nizhnekamsk railway sta-
tion;

4. Transportation by express con-

er) tainer train by route Nizhnekamsk
! railway station — Avtovo railway
Avtovo railway station Car station (freight forwarder);
(freight forwarder) Railway 3 5. Carrying the container to non-
Sea public railway of one of the sea-
the seaport “Saint port terminals with further station-
Petersburg” ing in the terminal;
l 6. Loading the container on a ship;
a port of Europe 7. Seaborne transportation to a Eu-
! ropean port;
DOOR a client’s ware- 8. Stationing the container in the
house in Europe seaport terminal;
9. Loading the container on a car
and carborne delivery to a client’s
warehouse
1. Empty container picking
2. Delivering container for further
i loading to PJSC "Nizhnekam-
DOOR PJSC "Nizh- skneftekhim'™:
nekamskneftekhim*™ 3. Delivering the container with
} freight to Nizhnekamsk railway
Nizhnekamsk railway 3 station:
station (freight forwarder) C 4. Transportation by express con-
ar (to the . . .
_ ! Railway border tainer train _by route lehne_.\kamsk
Russia — Europe transit) railway station — border station;

railway border station

!

DOOR a client’s ware-
house in Europe

5. Transloading to car transport
and delivery to a client’s ware-
house, or loading the freight on
standard-gauge railway, transpor-
tation to a European station and
delivery to a client’s warehouse
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Export to America

DOOR PJSC "Nizh-
nekamskneftekhim"

Nizhnekamsk railway
station (freight
forwarder)

I
Vladivostok railway sta-
tion (freight
forwarder) / Cape

1. Empty container picking

2. Delivering container for further
loading to PJSC "Nizhnekam-
skneftekhim"

3. Delivering the container with
freight to Nizhnekamsk railway
station

4. Transportation of container by
express container train by route
Nizhnekamsk railway station —
Vladivostok  railway  station
(freight forwarder) / Cape Churkin

Churkin station (freight Car station (freight forward-
forwarder) / Nakhodka — | Railway 12 er)/Nakhodka — Vostochnaya sta-
Vostochnaya station Sea tion (freight forwarder)
(freight forwarder) 5. Carrying the container to non-
! public railway line of one of the
Commercial Port of Vla- terminals in the seaport and sta-
divostok tioning in the terminal
Vladivostok Sea Fishing 6. Loading the container on a ship
Port 7. Seaborne transportation to a
Vostochny Port port in America
! 8. Stationing the container in the
DOOR a client’s ware- seaport terminal
house in America 9. Loading the container on a car
and delivery by car to client’s
warehouse
Export to Asia
DOOR PJSC "Nizh- 1. Empty container picking;
nekamskneftekhim” 2. Delivering container for further
loading to PJSC "Nizhnekam-
Nizhnekamsk railway skneftekhim";
station (freight forward- 3. Delivering the container with
er) freight to Nizhnekamsk railway
station;
Vladivostok railway sta- 4. Transportation of container by
tion (freight forwarder) / express container train by route
Cape Churkin station Car Nizhnekamsk railway station —
(freight Railway 12 Vladivostok  railway  station
forwarder)/Nakhodka — Sea (freight forwarder) / Cape Churkin

Vostochnaya station
(freight forwarder)

Commercial Port of Vla-

station (freight forwarder) / Na-
khodka — Vostochnaya station
(freight forwarder);

5. Carrying the container to non-

divostok public railway line of one of the

Vladivostok Sea Fishing terminals in the seaport and sta-
Port tioning in the terminal;

Vostochny Port 6. Loading the container on a ship;

! 7. Seaborne transportation to a
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DOOR a client’s port in America;
warehouse in Asia 8. Stationing the container in the

seaport terminal;

9. Loading the container on a car
and delivery by car to client’s
warehouse

1. Empty container picking;

2. Delivering container for further
loading to PJSC "Nizhnekam-
skneftekhim™;

T 3. Delivering the container with
DOOR PJSC "Nizh- : : .
nekamskneftekhim® Z;Z;?ohr: to Nizhnekamsk railway

4. Transportation of container by
express container train by route
Nizhnekamsk railway station —
Russia — China border station;

5. Loading the containers on

Nizhnekamsk railway sta-
tion (freight forwarder)

Russia-China border sta-
tion

Car standard-gauge railway;
. . Railway 16-22 6. Transportation of containers by
rallv(\éiyi/nsg?stlogstgear Sea express container train from Rus-
! p sia — China border station to sta-
China’s ports tions near ports in China;
| p 7. Delivery of the container to a
Asia’s ports seaport terminal;
p 8. Loading the container on a ship;
DOOR a client’s ware- is?ae,asbog?f transportation to an
house in Asia por

10. Stationing the container in the
seaport terminal

11. Loading the container on a car
and carborne delivery to a client’s
warehouse

Results of the studies

One of the factors of increase of freight transportation efficiency is tariff
setting which is based on the prime cost of transportation [10, 11]. To compare
options of transportation of rubber in covered wagons and in express container
trains, the transport expenditures were calculated for one tonne of freight [12].

For calculations the today’s most widespread transport pack for carrying
rubber has been chosen, i.e. corrugated box placed on a pallet. During transpor-
tation in covered wagons, the wagon type 11-280 with the volume 138 cubic
metres was used, by express container train — 40DC sea container [13].

All data concerning the freight, wagon and container necessary for calcu-
lations are given in the Tables 4 and 5.

According to the results of the calculations of the amount of freight in the
wagon and in container, the optimal number of pallets in the transport mode was
chosen, using the scheme of arrangement and carrying capacity [14].
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The authors have calculated the costs of transportation by the route
DOOR PJSC "Nizhnekamskneftekhim" — Avtovo railway station (freight for-
warder) with delivery by covered wagons and in containers on express container
train for further forwarding to Europe (Tables 6 and 7). Since the cost of trans-
portation by sea and, consequently, further transportation by car or in containers
by railway through Europe will be the same, the comparison of carborne trans-
portation cost [15] from PJSC "Nizhnekamskneftekhim" to the departure station
(Nizhnekamsk station) and of railway transportation by the route Nizhnekamsk
station — Avtovo station (freight forwarder) is made.

Table 4

Determination of the amount of freight in covered wagon

138 cubic metres covered wagon
Parameter Unit of Value
measurement

Size of the box mm 1200 x 800 x 1200
Size of the pallet mm 1200 x 800 x 145
Freight density kg/m® 950 000
Freight weight kg 1095
Freight weight including the pallet kg 1107
Inside dimensions of the wagon body mm 15 724 x 2764 x 2800
Wagon doors dimensions mm 3802 x 2334
Carrying capacity of the wagon kg 68
Number of pallets according to carrying capacity pieces 61
of the wagon
Number of pallets according to arrangement of .

AT pieces 66
freight inside the wagon
Net weight of the freight without pack in one wagon kg 66 795
Gross weight of the freight without pack in one kg 67 527
wagon

Table 5

Determination of the amount of freight in container and on a wagon

40DC container on a 25 metres long platform
Unit of
Parameter Value
measurement

Size of the box mm 1200 x 800 x 1200
Size of the pallet mm 1200 x 800 x 145
Freight density kg/m® 950 000
Freight weight kg 1095
Freight weight including the pallet kg 1,107
Inside dimensions of the container mm 12 022 x 2352 x 2395
Carrying capacity of the container kg 26 580
Number of pallets according to carrying capacity pieces 24
of the container

Received: 13.12.2018. Accepted: 21.03.2018

This article is available under license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
Tpancnoprasie cuctemsl u Texnosornu. 2018;4(1):105-11  doi: 10.17816/transsyst20180410105-118 Transportation Systems and Technology. 2018;4(1):105-118



https://creativecommons.org/licenses/by-nc-sa/4.0/

TPAHCIHIOPTHBIE CUCTEMBI U TEXHOJIOI' U

115 TRANSPORTATION SYSTEMS AND TECHNOLOGY

OPUT'NHAJIBHBIE CTATbU
ORIGINAL STUDIES

40DC container on a 25 metres long platform
Unit of
Parameter Value
measurement
Number of pallets according to arrangement ieces o5
of freight inside the container P
g?r:;/;/elght of the freight without pack in one con- kg 26 280
Grosg weight of the freight without pack in one kg 26 568
container
Net weight of the freight without pack on one kg 52 560
wagon
Gross weight of the freight without pack on one kg 53136
wagon
Table 6
Calculation of transport expenditures per one tonne
of freight transported in covered wagons, rur
Parameter Value
Supply of car to PJSC "Nizhnekamskneftekhim™ and transportation by car
from the factory to Nizhnekamsk station 20 000
(three runs)
Loading and unloading of the freight from the car to the covered wagon 26 000
Fastening materials 6000
Lock and seal devices, 2 pieces 600
Additional expenditures (Loading scheme, weighing, document procedures) 1300
Supply of the covered wagon to the route 40 000
Railway tariff of the route Nizhnekamsk station—Avtovo station (freight
94 932
forwarder)
Loading of the freight from the covered wagon to sea company owned con- 26 000
tainer
Total cost of the freight transportation in covered wagon 214 832
Total cost of transportation of 1000 kg of the freight 3181,42
Table 7

Calculation of transport expenditures per 1000 kg

of the freight transported by express container train

Parameter Value

Supply of two sea company owned 40DC containers 12 000

Picking of the two empty containers from the line, supply of the

containers for loading to PJSC "Nizhnekamskneftekhim®™, delivery 22 000

by car from the factory to Nizhnekamsk station

Lock and seal devices for two containers 600

Additional expenditures (Loading scheme, weighing, document 1300

procedures)

Supply of the 80 feet platform for the route 20 000

Railway tariff of the route Nizhnekamsk station—Avtovo station 48 014
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Parameter Value
(freight forwarder)
Total cost of transportation in two 40DC containers with
103 914
a 25 metres long platform
Total cost of transportation of 1000 kg of the freight 1977,05

Discussion of the results

The results of the studies have shown that with transportation of rubber
from Nizhnekamsk to Europe by express container train service, transport ex-
penditures per 1000 kg of the freight decrease by more than 1200 rubles.

Provided that one container train can carry up to 74 40DC containers, the
savings will make more than 2,3 million rubles as compared to transportation of

rubber in covered wagons.

Conclusion

To conclude, it needs to pointed out that the development of express con-
tainer trains allows significant reduction of transport expenditures in the final
cost of the product, increase of safety of the transported freight and, consequent-
ly, enhancement of competitiveness of railway transport.
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EFFICIENCY OF INTRODUCTION OF THE
ENERGY MANAGEMENT SYSTEM IN RUSSIAN
INDUSTRIAL COMPANIES

Aim: The purpose of the study is to present an overview of national and international
energy management systems and suggest activities to enhance the quality of the realisation of
the energy management systems in Russian industrial companies.

Methods: The authors have used the description of the energy saving and energy
management systems directions under research, the analysis of the qualitative properties of
the energy management systems in use, structural and functional method for the development
of the general structure and stages of functioning of the energy management systems.

Results: During the research, the authors have revealed the necessity to unify separate
directions of the energy saving policies of Russia’s industrial companies into the energy man-
agement system that is a subsystem of the overall enterprise management, combining the
company’s strategic goals, energy auditing, training personnel in energy saving and energy
efficiency enhancement, energy resources recording system, the formation, realisation and
monitoring of the energy saving programme, and automation of the energy saving and energy
efficiency enhancement activities.

Conclusion: The realisation of the suggested measures will enable forming the condi-
tions for the transition to a large-scale implementation of the energy management system, that
fosters the realisation of the state policy in energy saving and energy efficiency enhancement.

Keywords: energy management system, increasing energy efficiency, development of
the energy policy.
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WpKyTCKM HALIMOHAJIBHBIM MCCIEN0BATENBCKUM TEXHUYECKAN YHUBEPCUTET

Wpkyrck, Pocecus

QOPEKTUBHOCTb BHEOPEHUA CUCTEMBbI
OHEPITETUYECKOIO MEHEOXXMEHTA B
NMPOMbIWIEHHBIX KOMINMAHNAX POCCUM

Heasn: [IpencraButh 0030p 3apyOEKHBIX U POCCUMCKUX CUCTEM SHEPreTUYECKOro Me-
HEJDKMEHTA U MPEeIIoKUTh MEPOIIPUATHUS, HAIPABJIEHHbIEC Ha MOBBILICHUE KauyecTBa peayin3a-
LIUU CUCTEM DHEPreTUUECKOr0 MEHEKMEHTA B POCCUMCKUX IIPOMBIIITIEHHBIX KOMITAHUSX.

Metoasbl: Vcnonb30Banuch ONUCaHWE MCCIETYyEMBIX HAIPAaBICHUN 3Heprocoepexe-
HUSL U CUCTEM DPHEPIeTUYECKOr0 MEHEKMEHTA, aHaJN3 KaueCTBEHHBIX XapaKTEPUCTUK IpPHU-
MEHSIEMbIX CHUCTEM SHEPreTHMYECKOI'0 MEHEKMEHTa, CTPYKTYPHO-(QYHKIMOHAIbHBIM METOX
JUIsl pa3paboTKU OOILIEH CTPYKTYpPHI U ATANOB (PYHKUMOHUPOBAHUS CUCTEM HHEPreTHUECKOI0
MEHEKMEHTA.

PesyabraTrsl: B xozie uccnenoBaHus BblsIBIEHA HEOOXOAWMOCTb OOBEAMHMUTH YacT-
HbIE€ HAllpaBJICHUs] SHEProcOEPEKEHUSI POCCUNCKUX MPOMBIIUICHHBIX KOMIIAHUN B CHUCTEMY
HHEPreTUUECKOr0 MEHEKMEHTA, KOTopasi SBJISETCS OAHOW M3 MOJCHUCTEM OOIEeH CHUCTEMBbI
yIpaBJIEHUS MPEANPHUITHEM, COCTUHSIIOMEN CTpaTernyecKue Lea KOMIIaHWM, SHepreTuye-
CKU ay/IUT, MOJATOTOBKY IIEpPCOHAJIA 10 BOIPOCAM SHEPTrocOEepeKEeHNs U MOBBIILIEHUS SHEpTre-
THYECKOM 3()(hEeKTUBHOCTH, CUCTEMY yUYe€Ta SHEPropecypcoB, (OPMHUPOBAHUE, PEATU3ALMIO U
MOHMTOPHUHT MPOTpaMMbl 3HEProcOEpPEKEHUsI, a TAK)K€ aBTOMATHU3ALMIO JIEATEIbHOCTH I10
HHEProcOepex EeHNIO U MOBBIILICHUIO SHEPreTn4ecKoil 3(h(heKTuBHOCTH.

BoiBoabl: Peanuzanus npeayiokKeHHBIX MEp MO3BOJIUT CHOPMHUPOBATH YCIOBUS AJIS
nepexoa K IUPOKOMY BHEJIPEHUIO CUCTEMBI SHEPreTUYECKOr0 MEHEPKMEHTa, CIIOCOOCTBY-
IOLIETO pean3aliy rocy/1lapcTBEHHON MOJUTHKHU B cepe sHeprocOepekeHns 1 MOBBIILIEHUS
sHEepreTnyeckor A3(h(PEeKTUBHOCTH.

Knroueewte cnosa: cucrema 3HEPreTHYECKOr0 MEHEKMEHTA, MOBBIIIEHUE dHEProdd-
(EeKTUBHOCTH, pa3paboTKa YHEPTETUUECKON TTOJIUTHKH.

Introduction

Currently, in today’s enterprise management practices, the problem of in-
creasing energy efficiency is becoming more acute. In other countries, there are
active actions being taken to develop and realise projects of energy efficiency
bolstering [1]. Embedding these projects is also one of the directions of Russia’s
industrial enterprises’ development.

The increase of relevance of energy saving caused by the world’s global
and regional economic downturns, led to necessity of improving the internation-
al standardisation system of energy management, the basic objectives of which
are regulation and disclosure of principles of development of energy efficient

Received: 22.12.2018. Accepted: 20.03.2018  This article is available under license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.,
TpaHcnopTHbIe cucTeMbl M TexHoxornu. 2018;4(1):119-137 doi: 10.17816/transsyst20180410119-137  Transportation Systems and Technology. 2018;4(1):119-137


https://creativecommons.org/licenses/by-nc-sa/4.0/

121 TPAHCHOPTHBIE CUCTEMBI U TEXHOJIOI'MHA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

processes of industrial enterprises’ operation, and elaboration of rational energy
management policies of enterprises.

The energy management in enterprises comprises a range of functions, the
fulfillment of which gives a detailed information on major fuel and power con-
sumers, main industrial processes’ efficiency, reduction of power consumption.
All this actually makes up the energy management system (EMS).

The active pace of development of the energy management technologies
is frequently connected with the emergence of economic crises, during which
the issues of production competitiveness, distribution or consumption of fuel
and power resources (FPR) become particularly acute [2]. One of the most sig-
nificant stages to determine transition to today’s stage of development of sys-
temised approaches to energy conservation, was the 1970s energy crisis, that
triggered elevation of oil prices and, naturally, inflation rates [3]. One of the
crucial consequences of the crisis was a widespread dissemination of energy
saving technologies, which are one of the main instruments of enhancement of
competitiveness of industrial enterprises’ products.

In this respect, by the end of 1970s, the governments of several states
(Germany, the USA, Japan) began implementing legal mechanisms to incentiv-
ise energy conservation on a national scale. This led to the emergence of sepa-
rate directions in the sphere of FPR consumption. In the same period, the first
concepts of energy efficiency management in connection to ecological problems
of the regions with industries were formulated [4].

Thus, the big industrial enterprises’ coming to the idea of the energy man-
agement was connected with the acute need in saving resources, cutting down
indirect expenditures on production, and reducing environmental pollution.

Gradually, the realisation of separate directions in the sphere of energy
conservation was becoming more systemised in the majority of industrial states,
which lead to development of the International Energy Management Standard
[5]. The systemised idea of energy management sees a close interrelation with
other types of management: operation of production processes, production logis-
tics, ecology management and HR management [6]. Thus, the today’s energy
management is a continuation of an early energy saving concept.

The problems of the implementation of EMS in Russia’s industrial enter-
prises are connected with the peculiarities of the modern stage of social and
economic development, which is characterised by development of private own-
ership in the industrial sector and transition to decentralised planning. Some au-
thors maintain that the energy crisis negatively influenced the processes of for-
mation of internal approaches to energy saving, opening export channels for lo-
cal energy resources [3]. A number of researchers point out that a growing
importance of energy saving in Russia relates to transition to market economy in
the early 1990s: the energy resources’ prices in the decentralised system of in-
dustrial production naturally grew by 15-20 % on average, with the general lev-
el of energy intensity of the industrial products saved [3].
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The peculiarities of development of the Russian energy infrastructure also
determined the investment policy. Thus, in 1990s the volume of financing of the
energy sphere dropped substantially, despite significant moral and physical ob-
solescence of equipment in the enterprises of this branch. This also had a bear-
ing on informational and technical, and monitoring facilities, which provide
analysis of the current and future state of the energy infrastructure elements. Be-
cause of this, some producers perform with low efficiency, and their prices and
tariffs on an international scale are not competitive.

One of the most significant factors to encourage development and imple-
mentation of EMS in today’s Russia was its joining the World Trade Organisa-
tion. Joining WTO, again, emphasised low competitiveness of national products
in the international markets due to low energy efficiency of industries. Russia’s
joining WTO was preceded by a number of federal legislative acts, which re-
flected the state position on improvement of energy and ecology related aspects
of Russia’s economy [7]. At present, the Federal Energy Saving Programme up
to 2020 is in action. It is aimed at decreasing the energy intensity of GDP of
Russia by 13,5 %.

Generally, implementing EMS realises the systemised approach to man-
agement of FPR. However, for the majority of Russia’s industrial companies the
implementation of EMS is more driven by the legislation of the Russian Federa-
tion, and to a lesser extent by the actual intention to increase energy efficiency at
the expense of such implementation. This can be explained not only by a low
experience in realisation of this system, but also by lack of methods of assess-
ment of the results of EMS implementation efficiency.

Setting the Task

Among the most serious problems of realisation of the energy manage-
ment systems in Russia there are industrial companies’ administrations’ lack of
understanding of the relevance of the energy policy, the boundaries of responsi-
bility in its realisation and unclear documentation support connected with the
realisation and implementation. These contradictions result in low efficiency of
organisation of EMS in industrial enterprises.

Thus, during application of EMS in Russian enterprises, there will be a
topical task to solve — the development of an efficient energy policy.

Now, a number of big Russian companies are realising projects of imple-
mentation of EMS on the basis of 1SO 50001:2011 requirements (Russian Na-
tional Standard (GOST) R I1SO 50001-2012). Among these companies there are
Rosneft, Transneft, Sibur Holding, Surgutneftegas, Lukoil, Rossiiskiye Seti
(Rosseti), INTER RAO, Rosatom, RZhD, Gazpromneft, etc.

The Standard [8] sets requirements for EMS on development and realisa-
tion of the energy policy, tasks, objectives and plans, in which legal require-
ments and information concerning utilisation of energy are considered.
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The purpose of the developed ISO 50001 consists in an enterprise’s
providing a well-structured and all-encompassing guideline on optimisation of
energy resources consumption and systematic management of this process, to
ensure continual improvement of energy efficiency.

The fig. 1 shows a model of EMS in accordance with 1SO 50001, which is
based upon the cycle: plan (planning) — do (implementation and operation) —
check (checking) — act (internal audit, management review, continual improve-
ment). As it can be seen from the fig. 1, the energy policy is a starting point and
consequently the basis of any EMS. The ISO 50001 defines the energy policy as
“the overall intentions and direction of an organisation related to its energy per-
formance, as formally expressed by top management. The energy policy pro-
vides a framework for action and for the setting of energy objectives and energy
targets” [9].

The implementation of EMS is aimed at following:

e energy provision;

e measuring, providing documents and reports on energy utilisation;

e procurement;

e developing methods of assessment of efficient utilisation of energy by
equipment, systems and processes.

In order to survey best practices and efficiency of implementation of EMS
in accordance with 1SO 50001 provisions, in 2015, the Ministry of Energy of the
Russian Federation with the participation of Russian Energy Agency of the Min-
istry of Energy, conducted monitoring of management of energy efficiency and
implementation of EMS in Russian companies [10].

Continual Improvement
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Fig. 1. Energy Management System Model
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This survey covered more than 80 large industrial enterprises of Russia,
engaged in energy sector, oil, gas, coal, metallurgical, extractive, chemical and
petrochemical industries, as well as in transport and communication spheres.

The information about the share of companies under survey which im-
plemented EMS, is given in the fig. 2.

m EMS is certified according to ISO
50001

EMS is implemented/ under
implementation

EMS is not implemented

Fig. 2. The share of companies under survey which implemented EMS, %

As we can see, only 23 % of the companies surveyed implemented EMS.
The most part of industrial companies, which are implementing EMS, is made
up of big companies of energy, oil, gas, and coal industries. This can partly be
explained by an increased attention to this issue of the Ministry of Energy as the
federal supervising body.

All companies that had implemented EMS, developed energy policy, en-
ergy saving programme, and energy saving and EMS standards. In 70 % of
companies, there are methods of assessment of activities to enhance energy effi-
ciency.

In companies, which only observe legislation requirements, the energy
policy was developed only in 7 % of cases, and the methods to assess efficiency
of activities to enhance energy efficiency are developed in 10 % of companies.
Enterprise energy saving standards are developed in one third of the companies,
and every fifth organisation does not have any energy saving programme.

The results of the research allow concluding that the results of the mandatory
energy survey are applied mostly in industrial companies, that implemented EMS,
which is indicated by 100 % availability of energy saving programmes there.

In fuel and energy industry, 36 % of companies have already implemented
EMS, and 19 % are either implementing or planning to implement by the end of
2017. This indicates that there is a high interest of the fuel and energy industry com-
panies in a systematic approach to the problem of enhancing their energy efficiency.

In other branches of industry, EMS is implemented in 3 % of the compa-
nies, with 12 % planning to implement it in the near years.
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The assessment of efficiency of implementation of EMS was carried out
by experts by giving points for every criterion. At the same time, the signifi-
cance of the influence of the indicator on the overall efficiency of energy saving
activities and enhancing energy efficiency was determined. After the assess-
ment, the efficiency rating was made, which indicates efficiency or inefficiency
of implementation of EMS in a company.

Then, the companies were arranged by their points in %, which can be
seen in the fig. 3.

The results of the study showed that in the process of energy efficiency
management many companies underwent the energy survey, determined their
further goals and objectives in energy saving and energy efficiency activities,
conducted monitoring of indicators and highlighted those with the help of which
the company may achieve increase in energy efficiency with minimal efforts and
lowest investments (the performance ratio lies within 40-67 %).

Some companies went even further and appointed energy efficiency and
saving supervisors, introduced key factors of energy efficiency, began energy
efficiency training and raising awareness of energy saving among the personnel,
realising mid-term activities, consisting in energy efficiency enhancement (the
performance ratio lies within 67-90 %).
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Fig. 3. Performance ratio of the companies under survey, %

During the survey, the evaluation summary of efficiency of functioning of
EMS (fig. 4) was carried out, with the help of complex information analysis by
chosen criteria of the energy management: fuel and power resources economy
(%), the share of costs for energy saving measures from total costs of fuel and
energy resources (%), the share of costs for fuel and energy resources in the cost
of production compared with the base year.
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Besides, the complex performance ratio analysis of implementation and
functioning of EMS in the companies (fig. 5) was made.

The high results of the evaluation summary of performance ratio and effi-
ciency of EMS of the companies were shown by Transneft, Sibur Holding and
Rosseti, which implemented EMS.

The analysis of the changes in a company followed by implementation of
EMS demonstrates significant effects, that were achieved with the implementa-
tion of EMS and its elements. For instance, in Transneft the improvement of

personnel discipline as well as planning procedures were detected.
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In Sibur Holding the generation of energy saving ideas and reduction of
project realisation terms were detected. The implementation of a new energy ef-
ficient equipment enabled increasing safety, reliability of nuclear power plant
systems, and the convenience of their maintenance and repair, which were noted
in Rosenergoatom. In TVEL, the consumption of fuel and power resources were
successfully reduced by virtue of more energy efficient materials and equip-
ment.

In some enterprises, an increase of transparency of formation of expendi-
tures for fuel and power resources were noted, which enabled, for instance in
Rosseti, planning realisation of high energy efficient activities aimed at energy
saving.

In RZhD there was a significant rise of performance ratio of energy sav-
ing activities. Also, the increase in the personnel involvement, implementation
of best practices on railways, reduction of terms, and rational choice of places of
implementation of energy saving technologies were noted.

Lukoil implemented Real Time Database (RTD), which now enables con-
ducting real time objective assessment of fuel and power resources consumption
by the personnel and taking prompt measures to reduce the consumption.

The qualitative result of the implementation of EMS in Surgutneftegaz is
an increase in promptness of decision making, arrangement of management pro-
cedures in energy saving and enhancement of transparency of these procedures,
organisation of the system of continuous energy audit of basic technological
processes of oil extraction.

Despite a significant level of popularity of EMS in Russia’s industrial
companies, a range of companies face challenging factors which make it diffi-
cult for them to realise activities of development and implementation of EMS
[11]. Among these factors there are:

e poor elaboration of the methodological base for justification of feasi-
bility of energy saving and energy efficiency increasing activities;

e poor financial support of activities aimed at energy saving and energy
efficiency increasing;

e lack of awareness of the efficiency and performance of EMS among the
administration and personnel of the companies;

e lack of motivation of the administration and personnel of the companies
to develop and implement EMS;

e lack of information about the companies providing services (energy
analysis, recommendation on energy efficient activities, audit and automation)
in development and implementation of EMS.

From the given theoretical analysis, it is obvious that EMS is one of the
functional systems of industrial enterprise management. The implementation of
EMS is an activity aimed at planning, organisation, and control of FPR utilisa-
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tion in enterprises and motivation of energy saving on the basis of establishment
of interrelating elements of the energy infrastructure and the personnel.

Methods

For sustainable management of energy efficiency, it is necessary to im-
plement EMS, which is one of the subsystems of the overall system of enterprise
management, thus connecting in one complex unit the strategic goals of the
company and development of the energy policy, the energy audit and the energy
resources accounting system, training personnel in energy saving, formation, re-
alisation and monitoring of the energy saving programme and automation of en-
ergy saving and energy efficiency increasing activities.

Strategic Goals of the Company and
Development of Energy Policy

The most crucial stage in organisation of EMS is the formation of the en-
ergy policy of the enterprise [12]. The energy policy is a system of monitoring
and prognosis of the energy situation, formation and continuous improvement of
the organisational, economic and legal mechanisms, which ensure reliable pow-
er supply and FPR rational utilisation.

The management practice shows that one of the main directions in the de-
velopment of the energy policy is the formation of the fuel and energy balance
as a tool for planning, controlling and forecasting changes in the conditions of
the management of an industrial enterprise. In order to achieve the planned indi-
cators, enterprises also need to use dynamic methods of energy consumption
analysis, which allow tracing negative tendencies and eliminating them in the
process of implementation of the energy consumption strategy.

While developing the energy policy and defining the strategic goals of an
industrial company, special attention should be given to the following:

It is obligatory to find out the energy saving sources reserves, which be-
long to technological sphere, management of human resources, the sphere of
ecological decisions in production process and others. It is also obligatory to de-
velop methods to find reserves of energy saving.

The problems of implementation of EMS should be raised to the level of
strategic analysis of the internal and external environment, in order to find fun-
damental problems of energy saving in enterprises, which belong to infrastruc-
ture, principles of work, general technological processes in enterprises. The fun-
damental problems are crucial for development of long-term investment plans in
the enterprise.

In order to improve EMS it is obligatory to develop internal scientific and
technical, and organisational and management structures, responsible for plan-
ning of innovative decisions in energy saving.
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Training Personnel in Energy Saving and
Energy Efficiency Increasing

An exceptional role in EMS is played by the personnel of the enterprise,
who take the energy efficient initiatives and are the basis for formation of the
internal expertise base of the energy management, and fulfill the innovative
function. To improve efficiency of the work in energy saving, the enterprises
conduct a multistage training of their personnel and use external intellectual re-
sources.

The implementation of EMS requires introduction of all-round changes at
all levels of the management of enterprise, beginning from the top management,
at the level of strategy and structure of management, and ending with operation-
al one, at the level of final administrators [13].

In the first place, the implementation of EMS should be initiated by the
top management of an industrial enterprise. From the top management of the in-
dustrial company, it is required to appoint the person responsible for the intro-
duction and implementation of EMS, with the authority and the required re-
sources. Then, the changes of the organisational structure should be made, and a
special body should be established (for instance, Energy Management Depart-
ment, EMD).

The EMD encompasses the following major functions [14]:

e energy audit of industrial and auxiliary sections of the enterprise;

e development, introduction and supervision of projects of energy sav-
ing and energy efficiency;

e management of energy service contracts;

e support of the processes of purchasing energy resources;

o fulfillment of EMS programmes control;

e training the enterprise personnel;

e continuous search for key solutions.

The importance of realisation of EMS within the explained management
structure is justified by its uniqueness in terms of involvement of all bodies and
departments of the company in the realisation of the project, and integration of
the processes of management, which are focused on increasing efficiency of en-
ergy consumption at all management levels. This enables quick deep organisa-
tional changes into the structure at all levels of the management of the company.

Energy Audit and
Energy Resources Accounting System

The control of performance of EMS being implemented is carried out at
the expense implementation of efficient energy resources accounting systems,
management of energy consumption, and regular energy audit. The last one is a
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software collection and analysis of information on sources, energy consumers,
its ways of conversion, and its irrevocable losses.

When conducting the energy audit, it is obligatory to determine the gen-
eral structure of energy consumption, directions and efficiency of utilisation of
energy for further finding out the problems and the reasons for their emergence.
The determination of the general structure of the energy consumption should
begin with determination of basic elements of fuel and energy balance, sources
of loss of various kinds of FPR. The losses are determined as inefficiency of
technological processes, and the lack of rational approaches to organisation of
works in the energy intense industry.

The basis of the audit becomes the establishment of qualitative and quan-
titative criterion values, reflected in the system of standards of the energy man-
agement. The audit enables efficient reducing energy expenditures in a short-
term period and determining basic directions of energy savings in the future.

Formation, Realisation and Monitoring of the Energy Saving Programme,
Automation of Activities of Energy Saving
and Energy Efficiency Increasing

When forming the energy saving programme in the enterprise with high
energy intensity production, the reserves for optimisation can be found in in-
creasing energy efficiency of production processes and, in cases when different
energy carriers are used, in the alteration of the structure of their consumption
[15]. Increasing energy efficiency is feasible in the first place at the expense of
implementation of more economical technologies in the major technological
processes, and, in the second place, at the expense of application of general
measures of energy saving. This kind of optimisation fosters reduction of costs
in the long-term period and, subsequently, enhancement of competitiveness of
the enterprise.

On the other side, on a national scale, the task to encourage enterprises’
energy saving is justified by the fact that, firstly, the reduction of costs for pro-
duction leads to increase of competitiveness of this production in the world mar-
ket, which can contribute to the national economy growth. Secondly, the re-
serves of conventional energy resources are gradually exhausted. Thirdly, there
IS a negative impact of burning carbon-containing fuel on the environment

One of the crucial tasks of the state in this sphere is to establish a well-
structured normative base of energy saving.

Currently, many enterprises are tailoring their internal energy saving
business processes to international standards, in order to keep a high level of
competitiveness and ensure their positions in the markets. The management of
business processes are the management of energy saving, investment projects,
financial management in the energy sector and management of the personnel’s
motivation to improve energy efficiency indicators. All these processes directly
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relate to basic production processes and determine their energy efficiency in the
long-term future. Among the supporting business processes there are different
kinds of repairs of equipment of energy sector, resource supply, operational pro-
duction control and control of financial results of energy saving programmes re-
alised in the enterprise.

In the future, it is necessary to automate not only the process of collecting,
accounting and analysing the energy consumption data, but also adjusting ener-
gy saving programmes in accordance with the changes in fuel and energy bal-
ance of the enterprise, identifying energy saving reserves, developing innovative
approaches to energy saving.

When realising these methods of management, the best results can be
achieved in increasing energy efficiency of enterprises. Thus, the performance
ratio of the enterprises, that implemented EMS in accordance with 1SO
50001:2011, can reach 98 %.

Final Remarks

By the present time, due to rising relevance of energy saving related prob-
lems caused by significant rise of energy resources’ prices, the enterprises have
developed traditional approaches to the energy management. The major ones re-
flect separate directions of energy saving which are further connected in one
system with the help of strategic energy management.

The basic traditional approach is the formation of operational manage-
ment of processes, modes of energy saving by virtue of technical control of pro-
duction parameters, establishment of standards within the energy basis and for-
mulation of the principles of motivation of the enterprise personnel. Traditional
approaches are significant contributors, since they ensure the initial setting of
the task of energy saving, demand attention of the administration of the compa-
ny to the establishment of the unified system.

The development of traditional approaches leads to formation of the sys-
tematic idea of EMS as a combination of elements making up the basis of regu-
lar business processes with a developed system of training and motivation of the
personnel.

The tendency that justifies transition to the systematic energy manage-
ment, is a transition of the enterprise from one-time projects of investment in the
energy infrastructure to construction of cyclic processes of development and im-
plementation of organisational and technical measures in this sphere [14].

The model of EMS should function in the enterprise on the basis of the
continuous cycle, the stages of which are given in the fig. 6. The cyclic fulfill-
ment of these stages will enable implementing EMS on a longer-term basis,
which will increase its efficiency.

Considering the suggested recommendations will enable any industrial en-
terprise to implement the management changes, allowing it to reduce energy ex-
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penditures on the systematic and long-term basis, which will significantly in-
crease its energy efficiency.

Energy policy (strategy, mission,
standards, regulations,

/ instructions, education) \

Search (investigation of new Energy organisation (changes of the
solutions) organisational structure, expansion of
the functions and duties of the

management, introduction of KPI)

Finding out mistakes \
(consideration and adjustment in Energy planning (investigation,
the future) development of the projects,

f financing)
Calculation of efficiency J
(determination of results) Checking (implementation of the

projects, introduction of
\ organisational changes)

Adjustment (changing in the

process of realisation) Amalysis {moniioring,

measurement, control)

\ Adjustment (making changes in /

the project decisions)

Fig. 6. EMS-model

EMS of the organisation is, without any doubt, an innovative decision,
which is connected with the modernisation of the existing methods of manage-
ment and psychology of management of energy consumption and energy ex-
penditures.

In order to increase the quality of realisation of EMS in Russian industrial
companies, it is necessary to implement the following measures:

e monitoring, analysis, popularisation and dissemination of best practices
of the implementation of EMS on the basis of 1SO 50001:2011,

e improvement of the methodological base of EMS and normative and
technical base;

e expansion of practices of application of benchmarking for formation of
goals and indicators of increasing energy efficiency and energy saving;

e development of professional and educational standards in the sphere the
energy management;
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e provision of energy management related education and qualification
upgrade of specialists of industrial companies;
e preparation and acceptance of mid-term plans and programmes of im-

plementation of EMS by companies;

e expansion of supporting measures and stimulation of companies to im-

plement EMS;

e development of the system of voluntary certification in the sphere of the

energy management;

e formation and implementation of the unified register of the authorised
individuals and legal entities, providing services in the energy management;
e formation and maintenance of the unified register of the companies that

confirmed their implementing EMS.

Conclusion

Thus, upon realising the above-mentioned measures, the conditions for
transition to the large-scale implementation of EMS will be provided. This, in its
turn, will foster realisation of the national policy in the sphere of energy saving

and energy efficiency.
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© V.V. Shmatchenko, P.A. Plekhanov, D.N. Roenkov, V.G. lvanov
Emperor Alexander | St. Petersburg State Transport University

St. Petersburg, Russia

TRAINING OF SPECIALISTS AND
DEVELOPMENT OF DESIGN REGULATORY
FRAMEWORK FOR RUSSIAN MAGNETIC
LEVITATION TRANSPORT SYSTEMS

The article deals with the issues of training of specialists and development of design
regulatory framework for Russia’s magnetic levitation transport systems.

Introduction: The development of maglev technologies in Russia requires solving the
task of training specialists and developing the design regulatory framework for the magnetic
levitation transport systems (MLTS). The MLTS related specific issues, namely traction,
levitation, lateral stabilisation, power supply systems as well as overall safety, should receive
special attention.

Analysis: The maglev transport technology is a further development of a conventional
“wheel-track” technology, employing the linear motor and the magnetic levitation system
(electromagnetic, electrodynamic, the permanent magnets-based system, and combined
types). Each type of MLTS possesses its advantages and limitations, which points at the
necessity to justify the choice of an optimal technology.

A crucial issue is to choose (develop) a linear motor for MLTS on the basis of the four
related aspects: electromagnetic, thermal, mechanical, and the cost related one.

Another significant issue is the overall safety provision of MLTS. The elaboration of
the quality management system should be carried out in accordance with all stages of the life
cycle of the wheel-track transport, which is specified in EN 50126, EN 50128, and EN 50129.

Methodology: The methodological base of training specialists and developing the design
regulatory framework should become a systematic approach. The necessity of the application of
this approach lies in the variety and complexity of physical processes of MLTS. The development
of the project and working documentation of the design and construction of MLTS in the territory
of Russia should be carried out in accordance with the active Russian legislation, which specifies
the application of Special Technical Regulations for new technical systems.

Conclusion: As of today, it is reasonable to develop the training of specialists for
MLTS on the basis of the qualification upgrade and professional retraining programmes of the
engineering staff, who already possess the fundamental railway education. All the necessary
expertise and competences are available at Emperor Alexander | St. Petersburg State
Transport University. For many years, the university’s specialists have been working on the
development of the maglev technologies in Russia both on the basis of their own researches
and on the study and generalisation of the national and international experience. They have
also been developing the projects of the design regulatory framework for future MLTS.

Keywords: Magnetic levitation transport systems, training of specialists, design regu-
latory framework.
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© B.B. lllmaTuenko, IL.A. Ilnexanos, /I.H. Poenkos, B.I'. UBaHoB
[TetepOyprckuit rocy1apCTBEHHBINM YHUBEPCUTET MyTeH COOOIICHMS
NmnepaTopa Anekcanjpa |

Cankr-IleTepOypr, Poccus

NoAroToBKA CMNEUMAIIUCTOB U
PA3PAEOTKA HOPMATUBHOWM BA3blI
NMPOEKTUPOBAHUA
MATHUTOJIEBUTALUUOHHDbIX
TPAHCIMOPTHbLIX CUCTEM B POCCUU

Annomayun. PaccMaTpuBaroTCa BOMPOCH! MOATOTOBKH CHEIHATUCTOB U Pa3pabOTKu
HOPMAaTUBHOM 0a3bl MPOEKTUPOBAHUS MArHUTOJIEBUTALIMOHHBIX TPAHCHOPTHBIX CUCTEM
(MJITC) B Poccun.

Beenenue: Pa3BuTre MarHUTOJIEBUTALIMOHHBIX TPAHCIOPTHBIX T€XHOJOTHHN B Poccun
TpeOyeT MOATrOTOBUTH CIIELMAINCTOB U pa3paboTaTb HOPMATHUBHYIO 0a3y NMPOEKTHPOBAHMS
MUJITC, npu 5TOM 0ocob0oe BHUMaHHE ciienyeT o0paTtuTh Ha cneruduyunbie ans MJITC Bonpo-
Chl, CBA3aHHBIE C CUCTEMaMH TsTH, JEBUTALIUN, OOKOBON CTaOMIM3AIMHU, SIEKTPOCHAOKEHUS,
a TaKke ¢ o0ecreyeHneM KOMIUIEKCHOW O€30MacHOCTH.

AHanu3. MarauTojeBUTAllMOHHAs. TPAHCIIOPTHAsl TEXHOJIOTHs IpeJCTaBlIseT COOOM
pa3BUTHE TPAJIULUOHHON TEXHOJIOIMH «KOJIECO — PEIbC» HA OCHOBE MCIOJIb30BAHUS JIMHEH-
HOTO TSATOBOTO JABHUraTessl U CUCTEMbl MarHUTHOM JIEBUTALUU (3JIEKTPOMATrHUTHOM, 3JIEKTPO-
JUHAMHUYECKOM, Ha OCHOBE ITOCTOSIHHBIX MAarHUTOB, KOMOWHHPOBAaHHOH). Pa3Hble TuUIIBI
MJITC umMeroT cBOM MPEUMYIIECTBA U OTPAHUYEHHUS, I03TOMY HEOOXOIMMO 0OOCHOBATh BbI-
00p ONTUMAIBHON TEXHOJIOTUH.

BaxabIM BompocoM siBiisieTcsi BBIOOp (pa3paOoTka) JIMHEHHBIX TATOBBIX JBUTATelel
it MJITC Ha ocHOBE COTIacOBaHHOTO (POPMUPOBAHUS YETHIPEX MOJIENIEH: AJIEKTPOMarHuT-
HOM, TEIJIOBOM, MEXaHMYECKOM, CTOMMOCTHOM.

Taxoke BakHO oOecrieunTh KOMIUIEKCHYI0 Oe3onacHocTs MJITC: npukianHoe Hamos-
HEHUE CHUCTEM MEHEPKMEHTa KOMIUIEKCHON 0e30MacHOCTH JIOJKHO COOTBETCTBOBATh dTanam
KU3HEHHOTO LIMKJIA CHUCTEM KOJEWHOro TpaHCIOpTa, U3JI0kKeHHbIM B cTtannaprax EN 50126,
EN 50128 u EN 50129.

Metoabl: MeToI0JOTMUECKOW OCHOBOW MOJATOTOBKM CHEIMAIMCTOB M Pa3pabdOTKU
HOPMAaTUBHOM 0a3bl JOJKEH CTaTh CUCTEMHBIN MOAXO0J, KOTOPBIM ompenensercs pazHooopa-
3MeM U CI0XKHOCThIO pusnueckux npoueccoB MJITC. IlpoekTHas n pabodas JOKyMEHTAIUs
Ha IpoeKThupoBaHue u ctpoutenscTBO MJITC Ha Tepputopun Poccnn nomkHaA COCTaBIATHCS
B COOTBETCTBUHU C ACHCTBYIOLUIMM POCCHMCKUM 3aKOHOJAATEIbCTBOM, IPEIyCMATPUBAIOLINM
MPUMEHEHHE CIEIHATbHBIX TEXHUYECKUX YCIIOBUM I HOBBIX TEXHUUECKUX CHCTEM.

BeiBoasbi: Ceronns cnenuanuctoB mis MJITC mienecoo0pa3Ho TOTOBHTH HAa OCHOBE
MpPOrpaMM MEPEenoAroTOBKH M MOBBIIMICHUS KBATH(QHUKAIIUN MHKEHEPHBIX KaJpPOB, UMEIOIINX
0a30BoE KENE3HOAOPOKHOE 00pa3oBaHue. Bcemu HEOOXOAUMBIMU KOMITETEHITUSMU TSI pa3-
pabOTKH M peanu3alii TaKuX o0pa3oBaTeIbHBIX Iporpamm obiamaet [lerepOyprcekuii rocy-
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JIAPCTBEHHBIN YHUBEPCHUTET MyTel coobmenus Mimneparopa Anekcanpa I: coTpyHUKH yHH-
BEpPCHUTETAa HA MPOTSHKECHUH MHOTHUX JIET pabOTarOT HAJl MAarHUTOJEBUTAIMOHHBIMH TPaHC-
NOPTHBIMU TEXHOJOTHsIMH B Poccum Ha OcHOBe Kak COOCTBEHHBIX HCCIIEJJOBaHMM, TaKk M
00001IeHNsT OTEYECTBEHHOTO U MHPOBOTO OIIBITA, CO3/IAI0T MPOSKTHl HOPMATHUBHBIX TEXHUYE-
CKHMX JOKyMeHTOB jist Oynymmx MJITC.

Knrouesnie cnosa. MAariuMTOJICBUTAIUOHHBIC TPAHCIIOPTHBIC CHUCTEMBI, IMOAIOTOBKA
CIICHUAJIMCTOB, HOpMAaTHUBHAA 0a3a MPOCKTUPOBAHUA.

Introduction

The magnetic levitation technology as the next stage of the innovative de-
velopment of the conventional railway transport requires solving the task of
training the specialists and elaborating the design regulatory framework for the
magnetic levitation transport systems (MLTS) that will encompass a wide range

of aspects:
e infrastructure;
e rolling stock;
e systems of traction, levitation and lateral stabilisation;
e electric power supply;
e organisation and control of traffic;
e overall transport security provision;
e passenger service and logistics;

e economics, including the issues of financial and technical support of
construction and operation, and the investment justification issues (feasibility
studies);

e personnel management, including the psychology related issues
(informational and psychological security);

e engineering surveys;

e methodology of design, including RAMS (Reliability, Availability,
Maintainability, Safety) / LLC (Life Cycle Cost) issues;

e organisation of construction;

e business management, including the issues of quality and security
management.

The MLTS related specific issues, namely traction, levitation, lateral sta-
bilisation, power supply systems as well as overall safety, should receive special
attention.

Analysis

The magnetic levitation transport technology represents a further devel-
opment of the conventional “wheel-track” technology, but with the linear motor
and the system of magnetic levitation employed. We can point out three basic
types of this technology:
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e the electromagnetic suspension type (EMS) — the attractive force (fig. 1a);
e the electrodynamic suspension type (EDS) — the repulsive force (fig. 1b);
e the permanent magnets-based suspension (fig. 1c).

a

b C
o T
(a8 aa) 82 aa) | (2w el

\ | | =

B P ae e

Fig. 1. The basic types of the maglev transport technology

The MLTS has the following key competitive advantages:

¢ high speed of passenger and freight transportation;

e high carrying capacity owing to high level of automation (“transport
conveyor”);

e independence from external conditions (other means of transport’s
traffic and weather conditions);

e high adaptability to terrain features, urban areas (unlike railway
transport);

e low power consumption with the application of the permanent magnets
(owing to absence of moving units and gears);

e continuous improvement of the technology and reduction of the
construction costs;

e high sustainability ratios (low levels of noise, vibration and dust, urban
environment compatibility), absence of the barrier effect, which is a
characteristic feature of railways and roads.

As of today, the world operates several passenger MLTS predominantly in the
Eastern Asia states: China (Shanghai, Changsha, Beijing), Japan (Nagoya, Yama-
nashi), the Republic of Korea (Incheon). The realised MLTS projects are also present
in Germany, the USA and other states. The USSR conducted MLTS tests too.

Different types of MLTS possess their own advantages and limitations
(see the table below) which indicates the necessity to develop an optimal tech-
nology.

Alongside the choice (development) of the levitation and lateral stabilisa-
tion technology (see the table below), there is also a crucial issue of the choice
(development) of linear motors for MLTS on the basis of the four conjoined as-
pects:
electromagnetic;
thermal;
mechanical;
cost related.
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The main advantages and limitations of different types of MLTS

MLTS type

Advantages

Limitations

EMS

1) The low cost of materials
for the flyovers (steel);

2) the application of the prac-
tice-proven methods of opera-
tion and the components
available in the market; the
technology is well tested and
used

1) High losses in the actuating coil;

2) non-linear effects and eddy currents;
3) small gap (does not exceed 20 mm, as
a rule) resulting in the increased re-
quirements (but not for railway
transport) for the accurate manufacture
and assembling of the flyover and rolling
stock (with the adverse weather condi-
tions considered)

EDS (with the
superconducting
magnets employed)

1) Insignificant losses in the
actuating coil enable the ap-
plication of high voltage cur-
rents and achieve magnetic
field of high strength;

2) the large gap makes the
rolling stock less sensitive to
irregularities of the track

1) High consumption of liquid nitrogen
(helium) for the cooling system;

2) very low dampening of oscillations;
3) high starting speed (approximately
100 km/h): with the speeds below criti-
cal level the additional suspension is re-
quired;

4) additional equipment for cryostats

The suspension with
the permanent magnets
employed

1) In case of large volumes of
production the cost of perma-
nent magnets does not exceed
the production of steel;

2) simple configuration and
low technical maintenance
costs

1) The attractive and repulsive poles
static requires additional lateral stabilisa-
tion;

2) reduction of the magnetic field force
in case the magnets are heated (for in-
stance, in case of the air temperature ris-
es);

3) the result of the reduction of the mag-
netic field force may become the de-
crease of the levitation gap with the aris-
ing necessity to ensure it with the help of
additional measures

The combined
suspension

Different options of design with the use of electromagnets, permanent
magnets, different types of linear motors (synchronous, asynchronous,

etc.) are achievable

The analysis of the today’s approaches to the design of linear motors [1,
2], shows that justification of their key indices (traction, mass, power consump-
tion and cost) actually consists in the task to thoroughly optimise these indices
by many technical properties (fig. 2).
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Fig. 2. The linear motor optimisation scheme [2]

The existing in Russia practice of the development of the design solutions
for linear motors basically aims at direct calculations of their tractions properties
with their subsequent finalisation on the stands or in the testing grounds. The
widely used finite element method is useful for calculation of the magnetic flux
at any point and, using this principle, for calculation of the traction properties of
the motor (the solution of the direct task of the motor efficiency assessment).
However, this method is labour-intensive and it does not provide an efficient
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solution of the reverse task, that is the multiple repetition of the direct task in the
optimisation cycles.

The alternative to the finite element method is the modelling of the mag-
netic fluxes in the linear motor (including for the permanent magnets) by inter-
polation between simple special cases (for instance, the case of the magnetic
flux in the linear conductor with the current). The obtained analytical
expressions thereby may be actively used for solving both direct and reverse
tasks of the linear motor efficiency assessment.

In general, the linear motor design process should have the following
stages:

1) the determination of the requirements to the parameters of the motor
and the purposes of the design;

2) the determination of the possible design solutions by means of which
the requirements to the motors are realised. For instance, the application of m
technologies of traction (synchronous motors, a long or a short stator, permanent
magnets, etc);

3) the first option, based upon the application limitations. In the result of
this option the number of possible design solutions decreases to n (n<m);

4) the elaboration of the models of the motor in accordance with the pur-
poses of the project. At the same time, the models should include:

e a mechanical model for description of the motor dynamics;

e athermal model for description of the heat transfer in the motor;

e an electromagnetic model for determination of electrical and magnetic
values and forces (attraction and repulsion);

e acost model for determination of the cost of the motor at each stage of
its life cycle;

5) the design of n options of the motor, confirmation of the source data
and limitations, and, if needed, the alteration of the limitations;

6) the sensitivity research of the parameters of the motor for all conditions
of the application and all n options, and the choice of optimal parameters for
each option;

7) the comparison of all n options;

8) the final choice of the motor using the key indices;

9) the acceptance of the project of the motor on the basis of the manufac-
tured prototype or a model that uses that uses the finite element method;

10) the documentation of the final project.

The project solutions of the choice of the linear motors should be Pareto
efficient by the following criteria:

e traction — power consumption;

e traction — mass of the active guideway structure;

e traction — mass of the motor’s moving part;

e traction — cost.
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Another important issue is to ensure the overall MLTS safety. The unified
base for constituents of the overall security [3] is quality management systems,
based upon ISO 9001 [4]. With the reference to the guided transport, they are as
follows:

e ERA SMS (the Safety Management System of European Railway
Agency) for traffic safety [5, 6];

e MODSafe (Modular Urban Transport Safety and Security Analysis)
for transport safety (including traffic safety) [7], the systems based upon 1SO
28001 [8] for supply chain security;

e the systems based upon the international standards OHSAS 18001 [9]
and 1SO 14001 [10] for occupational and environmental security respectively.

The applied filling of these management systems is carried out in accord-
ance with the life cycle of the guided transport, specified in EN 50126 (IEC
62278 [11]), EN 50128 (IEC 62279 [12]) u EN 50129 (IEC 62425 [13]), as well
as in IEC 60300-3-3 [14]. At the same time, regarding safety, the stage of the
risk analysis has the crucial significance [15], which determines the risks in
traffic safety, transport safety (protection against unlawful interference),
occupational and environmental safety. Then the risk associated with them is as-
sessed, and in case there is need to decrease this risk, the additional security
functions are determined (fig. 3). With the reference to transport safety, at this
stage the measures of pre-emptive (prevention), timely (prompt actions) and
emergency (minimisation of damage) actions are taken against unlawful inter-
ference in accordance with the chosen model of behaviour of the potential in-
truder.

The measurement of risk that considers both accidental and systematic
hazardous events (failures, malfunctions, breaches), is the Safety Integrity Lev-
els (SILs), each of which stipulates a number of measures to be taken to mitigate
the risks to the tolerable level.

As it was mentioned, while training specialists and elaborating the design
regulatory framework for MLTS, special attention should be given to the specif-
ic maglev transport technologies related issues. The methodological framework
for training specialists and developing the design regulations should become a
systematic approach. The necessity of application of this approach is determined
by a significant range and complexity of the physical processes in MLTS, and,
consequently, by a high variety and complexity of engineering solutions
required for a coordinated management of these processes. In other words, the
complexity of the management of the MLTS creation processes should be no
less than the complexity of the MLTS itself.
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Fig. 3. Three approaches to the assessment of the risks for MLTS

The complexity of the systematic approach is determined by the constitu-
ents of the sphere for which it is to be applied:

e the necessity to analyse different combinations of the technologies of
traction, levitation, lateral stabilisation and power supply;

e the specifics of dynamics of the 3D motion of the MLTS rolling stock.
Such phenomena as yaw motion, pitching and rolling of the vehicle require
taking corresponding measures for stabilisation and dampening;

e the complexity of the composition of the MLTS function and their hi-
erarchy. There is need to elaborate a functional and structural model of the
MLTS models;

¢ the mathematical apparatus of the analysis of the physical processes of
the MLTS;

e the apparatus for mathematical modelling of the MLTS processes;
the apparatus for natural modelling of the MLTS processes;
the basic production of the MLTS components;
the basic construction of the infrastructure objects of the MLTS;
the environment of operation of the MLTS;
the analysis of the risks associated with the MLTS;

e the organisational structure of design, construction and operation of
the MLTS;

e the society’s objective demand in the MLTS;
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e the society’s subjective perception of the MLTS;

e the international level of the development of the MLTS.

As of today, it is relevant to develop the system of training specialists for
MLTS on the basis of the qualification upgrade and retraining programmes for
the engineers who possess the fundamental railway education (fig. 4).
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Fig. 4. Options of training specialists for the MLTS

All the necessary competences for the elaboration and realisation of such
programmes are available at Emperor Alexander | St. Petersburg State Transport
University. For many years, the university’s specialists have been working on
the development of the maglev technologies in Russia both on the basis of their
own researches and on the study and generalisation of the national and
international experience. In the specially established laboratory, they conduct
laboratory (fig. 5a) and natural (fig. 5b) researches and develop the projects of
the design regulatory framework for future MLTS.

The elaboration of the design and working documentation for design and
construction of the MLTS in the territory of Russia should be carried out in ac-
cordance with the active legislation, namely, with the Order of the Government
of the Russian Federation Ne 87 of February 16", 2008 “On the composition of
the sections of the design documentation and requirements to their contents” and
other legislative and normative technical documents.

a b
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Fig. 5. A laboratory stand (a) and a test model (b) for research
of the magnetic levitation transport technologies

Some subsystems and components of the MLTS are subject to the tech-
nical guidelines of the Eurasian Customs Union and the Russian Federation (in
the first place, “On the safety of buildings and structures”, and also “On the
safety of machinery and equipment”, “On the safety of the low-voltage equip-
ment”, “The electromagnetic compatibility of technical means”, and others) and
other supporting standards and set of rules (for instance, for maglev rolling stock
it is possible to use the Preliminary National Standard PNST 24-2014 “The in-
novative railway rolling stock. The order of the development and approval for
operation”).

The Russia’s legislation also stipulates the application of the Special
Technical Regulations (STU), which are “the technical requirements in the
sphere of security of the object of the major construction works, containing (re-
ferring to the specific object of the major construction works) additional safety
requirements to the set or absent requirements, which reflect the features of the
engineering surveys, design, construction, demolition of the object of the major
construction works, and contain deviations from the set requirements” (in ac-
cordance with the Item 10 of the Article 1 of the Urban Planning Code of the
Russian Federation Ne 190-FZ of December 29", 2004, stating “the object of the
major construction works — building, construction, facility, other objects, the
construction of which is not finished <...>, except for temporary constructions,
kiosks, canopies and other similar buildings”). STU are the basis of the terms of
reference for design and elaboration of design documentation (developed by a
special project organisation or a consortium of project organisations). The ap-
proval of STU is currently conducted by the Ministry of Construction Industry
of Russia, more specifically by the specially organised Normative and Technical
Board of the Ministry of Construction Industry, with the involvement of a group
of experts the recommendations of which are made in the form of the corre-
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sponding expert’s conclusion. The issues of development and approval of STU
are determined by the following documents:

e the Order of the Ministry of Construction Industry of Russia Ne 248/pr
of April 15", 2016 “On the order of development and approval of Special Tech-
nical Regulations for the elaboration of the design documentation for the object
of the major construction works”;

e “Methodical recommendations “The order of arrangement of Special
Technical Regulations for the elaboration of the design documentation for the
object of the major construction works” (approved by decision of the Normative
and Technical Board of the Ministry of Regional Development of Russia, Proto-
col Ne 1 of February 1%, 2011).

Thus, there should be developed a set of STU for the MLTS planned for
design, construction and operation in a special section.

STU should contain a list of forced deviations from the requirements of
the active normative documents, the explanation of these deviations, and
measures to be taken to compensate these deviations. As the practice shows,
such explanations of the norms in STU, including methods, may be made in the
form of attachments to STU or listed in the Explanatory note for STU. STU does
not allow duplicating norms of Russia’s active documents. Such are norms
should be provided with the corresponding links. In this regard, during the elab-
oration of STU for MLTS, a list of normative and technical documents of Russia
and the Eurasian Customs Union should be developed, which would be applica-
ble (fully or partially) for the design. At the same time, the STU could contain
separate provisions contained in normative documents of other countries, pro-
vide that they correspond to Russia’s legislation.

Conclusion

It is relevant to conduct training of the specialists for MLTS on the basis
of the qualification upgrade and retraining programmes of the engineering per-
sonnel, possessing fundamental railway education. Emperor Alexander | St. Pe-
tersburg State Transport University possesses all required competences for the
development and realisation of such programmes.

Regarding the development of the national design regulatory framework
for the MLTS, the authors of this paper have developed a set of STU projects for
the design of the MLTS to be further adapted to a specific freight or passenger
transportation line:

e STU-1 - General requirements on design;

e STU-2 —Track;

e STU-3 — Base for the track, artificial structures and facilities, joints
and crossings;

e STU-4 — Terminals, intermediate stations, maintenance buildings and
facilities;
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STU-5 — Traction and power supply systems;

STU-6 — Operation control system;

STU-7 — Electrical communication and warning systems;
STU-8 — Rolling stock;

STU-9 — Overall security system.

In parallel with the elaboration of STU, the works have been started to
create a project of technical regulations on security of maglev transport and to
form a list of standardisation documents supporting it. This list should appear as
a result of:

e determination of the existing documents, the application of which is
possible with their updating;

e determination of the existing documents, which may be used after be-
ing updated and reconsidered;

e determination of the documents, required to be elaborated.

Besides, the authors have prepared a structured English-Russian and Rus-
sian-English maglev transport definition dictionary for publishing. The diction-
ary contains terms, definitions and requirements in design, construction and op-
eration of the MLTS and reflects the best international and national experience
in this sphere. The dictionary may be the base for the first educational guidance
on maglev transport.
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