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TpaHcnopt BPUKC
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International railway fair in the area 1520
“PRO//Motion.Expo”*

Daria Korshunova?, Ekaterina Sergeeva?™

L2 Independent researcher; St. Petersburg, Russian Federation
! korshunovadaryia@gmail.com
2 sergeevaer@gmail.com™

ABSTRAC The article reviews the framework work of the International Salon “PRO//Motion.Expo-2025" held on Au-

gust 28-31, 2025 in St. Petersburg in Russian Railway Museum and Baltiyskiy railway station. The event,
organized by JSC Russian Railways every two years, has become a key platform for demonstrating the achievements of domestic
and foreign railway engineering.

The salon program included “Business Days” (August 28-29) and “Open Road Days” (August 30-31) with workshops, lectures
and an exhibitions of equipment. Over 130 companies, including JSC Transmashholding, JSC Sinara — Transport Machines, NPC
United Wagon Company and foreign companies from China and CIS countries, presented their developments on an area of over
5,000 m2. High-speed highways were especially important in the discussions: educational programs for training 500 special-
ists by 2028 was announced, and infrastructure solutions for the Moscow - St. Petersburg high-speed railway were presented.
Emperor Alexander | Petersburg State Transport University demonstrated robotic platforms and interactive simulators. Treaties
were signed, panel discussions on technological sovereignty and digitalization were held, and a dynamic exposition of historical
rolling stock dedicated to the 80th anniversary of the Victory in the Great Patriotic War was presented. The railway fair confirmed
the status of the largest exhibition in the 1520 railway zone.

KEYWORDS. “PRO//Motion.Expo”; JSC Russian Railways; HSR (high-speed railway); railway engineering; robotic plat-
. forms; digitalization; personnel training; international treaties

For citation: Korshunova D., Sergeeva E. International railway fair “PRO//Motion.Expo 2025” // BRICS transport. 2025;4(4):1.
https://doi.org/10.46684/2025.4.1. EDN: HQFEQD.

3amemka
MexxayHapopaHbiii canoH «PRO//OBuxeHne.dkcnox» 2025*

Dapbs KopwyHosa?, EkatepuHa Cepreesa”™

1.2 HezaBucuMbli nccnenosatens, CaHkT-letepbypr, Poccus
! korshunovadaryia@gmail.com
2 sergeevaer@gmail.com™

AH HOTA I/I OcseleHa pabota MexayHaponHoro canoHa «PRO//[dBuxenne.okcno-2025», npoweawnin 28-31 as-

I_L rycta 2025 r. B CankT-leTepbypre B My3ee xene3Hbix gopor Poccumn u Ha ctaHummn CaHkT-MNeTtepbypr
bantuiickmit. MeponpusTtue, opranmnsyemoe OAO «PXX[» oguH pa3 B ABa rofa, CTano KA4eBOM NAOWAAKON NS LEMOHCTPaUUK
LLOCTMXKEHMIH OTeYECTBEHHOTO U 3apyDeXXHOro Xene3Ho40POXKHOIo MaWMHOCTPOEHUS.

Mporpamma canoHa Bkatoyana «[enosbie Aun» (28-29 aBrycrta) u «[JHn oTkpbITbix Aopor» (30-31 asrycra) ¢ MacTep-Knac-
CaMW, NEKLMAMU U BbICTaBKOM TexHMKKW. Ha nnowaam cebiwe 5000 M2 npeactaBunm paspabotku cebiwe 130 koMnaHWi, BKOYAS
AO «TpaHcMawxongunr», pynny «Cunapax, HMK «OBK» u 3apy6exHble dupmbl u3 Kutas u ctpad CHI. LleHTpanbHoe mMecTo B
00CYXAEHMAX 3aHANA TEMA BbICOKOCKOPOCTHbIX MAarncTpaneit: aHoHCMPOBAaH 3anyck 06pa3oBaTe/ibHbIX NPOrpamMM A5 MOATOTOBKM
500 cneumnanucros k 2028 r., npeactaBneHbl MHOPACTpyKTypHble pewenns ans BCM Mockea - CaHkr-Tetep6ypr. MIMYTC npoae-
MOHCTPMPOBan pob0TM3MpPOBaHHbIE MIATHOPMbI U MHTEPAKTUBHBIE TPEHAXKEPBI. TakXKe COCTOANMNCL NOANUCAHNS COMNALLEHNI, Na-
HesbHble MCKYCCUM O TEXHOIOTMYECKOM CyBepeHUTETE U LndpOoBM3aLMK, AMHAMUYECKAs IKCMO3ULMSA UCTOPUYECKOTO NOABMXKHOIO
coctaBa k 80-netuio MNobeabl. CanoH NoATBEpAUA CTaTyC KpyMHeNLWweni BbICTaBKM B 30He ene3Hbix gopor 1520.

*Published in the author's English translation.
O1y6GIMKOBAHO B aBTOPCKOM IT€PEBO/[e Ha AaHTJTUHCKUH SI3BIK.

© Daria Korshunova, Ekaterina Sergeeva, 2025
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K}‘I |_OL| E B bl E C}'I O BA, «PRO//OBmxeHne.Ikcno»; OAO «PX/[x»; BCM (BbICOKOCKOPOCTHAs Marncrpanb); Xxene3Hoa0-
+ POXXHOE MALIMHOCTPOEHUE; pO6OTU3MPOBAHHbIE MAATHOPMbI; LMBPOBM3ALLMS; MOATOTOBKA

KafpoB; MeXAyHapoaHble cornalieHna

Ina uutnuposauun: KopwyHosa ., Cepeeesa E. MexayHapoaHbi canoH «PRO//Oeuxenune.dkcno» 2025 // Tpancnopt BPUKC.
2025.T.4.Bbin. 4. Cr. 1. https://doi.org/10.46684/2025.4.1. EDN: HQFEQD.

On August 28-31, 2025, the international railway
fair “PRO//Motion.Expo” was held in St. Petersburg.
JSC Russian Railways traditionally organizes it eve-
ry two years. These forums are railway exhibitions,
and, starting in 2019, they were held on experimen-
tal ring territory of the JSC Railway Research Institute
(JSC “VNIIZHT”) at Shcherbinka station near Moscow.
Since 2023, the railway fairs “PRO// Motion.Expo” are
held in St. Petersburg at the Museum of Russian Rail-
ways and on the tracks of the St. Petersburg Baltiysky
railway station.

The 2025 international railway fair was attended
by Oleg Belozerov, General Director and Chairman of
the Management Board of JSC Russian Railways, Alex-
ey Shilo, Deputy Minister of Transport of the Russian
Federation, Kirill Polyakov, Vice Governor of St. Pe-
tersburg, Valery Tanaev, Deputy General Director and
Chief Engineer of JSC Russian Railways, Sergey Saratov,
Deputy General Directors of JSC Russian Railways and
Evgeny Charkin, Rector of Emperor Alexander I Peters-
burg State Transport University Oleg Valinsky, Rector
of Volga Region State Transport University Maxim Ga-

ranin, Rector of Irkutsk State Transport University Yuri
Trofimov, Head of the Technical Policy Department of
JSC Russian Railways Vladimir Andreev, General Direc-
tor of JSC Transmashholding Kirill Lipa, General Direc-
tor of JSC Sinara — Transport Machines Viktor Lesh,
Director of SPB GUP GorElectroTrans Denis Minkin,
Head of State Unitary Enterprise St. Petersburg Metro
Evgeny Kozin and other officials.

Back in August 1845, the first batch of steam loco-
motives was produced in Russia for the railway be-
tween St. Petersburg and Moscow. Exactly 180 years
later, from August 28 to 31, the St. Petersburg Museum
of Russian Railways hosted the International Railway
Salon “PRO//Motion.Expo”. It celebrated the achieve-
ments of Russian railway engineering, including the
production of locomotives.

The railway fair program was divided into two
parts: “Business Days” and “Open Road Days”. The
first one took place on August 28 and 29. On August 30
and 31, the general public was allowed to visit the rail-
way fair — guests could attend workshops, thematic lec-
tures and an exhibition of ancient railway techniques.

General view of the open exhibition area of the railway fair “PRO//Motion.Expo” 2025.
Photo by Arkady Shapovalov, JSC Russian Railways Press Service
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Railway fair “PRO//Motion.Expo” 2025.
The stand of JSC Firma Tvema.
Photo from Photobank of JSC Gudok Publishing House

ST

Railway fair “PRO//Motion.Expo” 2025.
The stand of the Chinese electrotechnical company
Zhejiang Yonggui Electric.
Photo from Photobank of JSC Gudok Publishing House

Daria Korshunova, Ekaterina Sergeeva

»

International railway fair in the area 1520 “PRO//Motion.Expo’

About 70 samples of modern and rare railway
equipment were demonstrated at the Museum of
Russian Railways as a part of the railway fair. About
130 exhibiting companies, including foreign ones, pre-
sented their stands on an area of more than 5,000 m?.
Among these are JSC Russian Railways and the flag-
ships of the Russian and global railway engineering:
JSC Transmashholding, PTK Group, JSC Sinara — Trans-
port Machines, NPC United Wagon Company, JSC Nat-
sproektstroy, JSC Firma Tvema, JSC RPC INFOTRANS,
JSC Research and Design Institute for Information
Technology, Automation and Communication in Rail-
way Transport, JSC Radioavionika and other large
manufacturing and technological enterprises from
Russia, China and the CIS countries. Railway-profiled
universities also presented their achievements at the
exhibition.

High-speed rail traffic is a key direction in the de-
velopment of our country’s land transport. Oleg Beloze-
rov, General Director and Chairman of the Manage-
ment Board of JSC Russian Railways, and Alexey Shilo,
Deputy Minister of Transport, discussed this in detail
in their speeches.

To date, 23 regulations on the construction and op-
eration of the high-speed railway have been adopted.
They cover the rules of technical operation, require-
ments for rolling stock, rights and obligations of in-
frastructure operators, etc. Basically, legislation for
highways with speeds exceeding 300 km/h is being
adopted. The concept of HSR is official in Russian Fed-
eration with a law that came into force on Septem-
ber 1, 2025.

This year has really been breakthrough for the HSR
sector — the implementation of the highway project
between the two main cities of the country has begun.
The Moscow—St. Petersburg high-speed railway has
become the most important topic of discussion at the
salon as a priority national project. Ballast-free plates

The meeting devoted to the issues of high-speed rail traffic, held under the motto: “High-speed rail in Russia: transition
to a new technological order. The challenges for the industry are the potential for the country”. General Director and Chairman
of the Management Board of JSC Russian Railways, O.V. Belozerov, takes the floor. August 29, 2025
Photo Photobank of JSC Gudok Publishing House
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A model of a Russian high-speed electric train
for the Moscow-Saint Petersburg high-speed railway.
Photo from Photobank of JSC Gudok Publishing House

and other road and infrastructure solutions applicable
to high-speed railways were demonstrated. Chinese
colleagues also “see the potential in the high-speed
highway space as a market for high speeds and inno-
vative components” and expressed a desire to assist

Daria Korshunova, Ekaterina Sergeeva
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in the implementation of the ambitious project of the
Russian Federation. For example, Chinese partner com-
panies Sinomac and RailMac (they demonstrated their
traction equipment, battery system and digital solu-
tions during the railway fair), showed interest in the
1520 market and their solutions adaptation to Russian
conditions, such as cold climate.

The past has not been forgotten either. Thus, the
ROLLINGSTOCK Agency prepared a magazine with a
review of the “World of High-speed Trains” specifically
for the railway fair. It presented a kind of retrospective
of the HSR from the 1960s to 2025.

HSR is not only a transport project, but also a system
platform. It requires simultaneous standards develop-
ment, technical and digital solutions adoption, and, fi-
nally, personnel training. In this regard, the Ministry
of Transport announced new educational programs:
first engineers of the relevant profile are expected to
graduate in 2 years, and by 2028 at least 500 specialists
should be trained. The panel discussion for discussing
these complex tasks was established in PRO//Motion.
PRO//Education. Research Bridge”, held within the
framework of the International railway fair “PRO//Mo-

Concrete slab of ballast-free contracting of the Moscow - Saint Petersburg HSR route.
Photo from Photobank of JSC Gudok Publishing House

Participants of “Research Bridge” panel discussion. Photo by Daria Korshunova
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“Research Bridge” panel discussion. Oleg Valinsky,
an expert of the panel and rector of the Emperor Alexander |
Petersburg State Transport University is speaking.
Photo by Daria Korshunova

tion.Expo” August 28, 2025 The key question is whether
the education system is ready for the challenges of the
HSR and how universities should transform in order to
train specialists not only for current needs, but also for
2030+ technologies. Young researchers from Emperor
Alexander I Petersburg State Transport University, Rus-
sian University of Transport, Irkutsk State Transport
University, Volga State Transport University, Ural State
University of Railway Transport.

The experts were Sergey Saratov, Deputy General
Director of JSC Russian Railways, Evgeny Charkin, Dep-
uty General Director of JSC Russian Railways, Vladimir
Andreev, Head of the Technical Policy Department of
JSC Russian Railways, Oleg Valinsky, Rector of Emperor
Alexander I Petersburg State Transport University, Vik-
tor Lesh, General Director JSC Sinara — Transport Ma-
chines, Maxim Garanin, Rector of Volga State Transport
University, Yuri Trofimov, Vice-Rector of Ural State Uni-
versity of Railway Transport Oleg Balagin, Director of
the Advanced Engineering School “VSM Academy AES”
in Russian University of Transport Oleg Pokusaev. To-
gether with the participants, they discussed if the edu-
cation system is ready for the challenges of high-speed
transport, as well as what, from the point of view of
customers — key industrial partners of universities —
should be the training program for high-speed com-
munication. The issue of competencies students should
have and requirements needed to launch the program
was also raised.

MISCELLANEA
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“The focus is now on personnel training for the
HSR. In order to succeed, we need different specialties
and jobs, from workers to managers and engineers.
Therefore, we work systematically in three areas of
personnel training: working personnel — in technical
schools, The Russian University of Transport and the
Emperor Alexander I Petersburg State Transport Uni-
versity, management engineers — in the HSR Academy
and ISKRA (“Integrated System of integrated distrib-
uted architecture”) Advanced Engineering School. The
JSC Russian Railways Corporate University will train
current employees. The roadmap has been developed
accordingly, and we are carefully following the points
and deadlines in it. We are confident that we will be
prepared for the launch of the HSR in terms of person-
nel for operating and managing the vehicles”, Sergey
Saratov, Deputy General Director of JSC Russian Rail-
ways, said.

We have fewer and fewer design engineers. We are
in need of engineers who understand the technology.
Systems engineers that already know how mechanisms
work. And the technologies should be breakthrough,
meaning it’s pointless to waste research resources on
something that someone else has been trying to create
for a long time. Moreover, we have to formulate the
task of these breakthrough technologies ourselves”,
Viktor Lesh, General Director of JSC Sinara — Trans-
port Machines, declared.

Denis Kravchenko, moderator of the discussion and
Editor-in-Chief of JSC Gudok Publishing House, while
summing up the results, stressed that the forum turned
out to be eventful and informative. Young researchers,
together with front-line experts, have created an in-
credible symbiosis of science and practice. He thanked
the young researchers and representatives of special-
ized universities for their presentations and projects,
and also highlighted the contribution of experts who
created the very research bridge between real produc-
tion and science.

The St. Petersburg — Moscow high-speed railway
is scheduled to be commissioned in 2028, and Denis
Kravchenko expressed confidence that transport uni-
versities are keeping the situation under control and
making efforts to successfully implement this large-
scale project.

The St. Petersburg State University of Railways
of Emperor Alexander I presented its developments
at the exhibition: robotic platforms for the inspec-
tion of metal structures and industrial facilities, as
well as interactive laboratory installations and 3D at-
lases.

The robotic inspection platform for metal structures
was developed jointly by the staff of the Department
of “Ground Transport and Technological Complexes”
of Emperor Alexander I Petershurg State Transport
University and LLC Robocont within the framework
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The unmanned platform on a combined course “Sputnik-ZhD”
(Sputnik railway platform) that was developed
by specialists from Emperor Alexander | Petersburg State
Transport University’s Department of “Ground transport
and Technological Complexes”.
Photo by Tatiana Arzamastseva

of the strategic academic leadership federal program
“Priority-2030”.

The device helps with diagnosing the technical con-
dition of gantry cranes, overhead cranes and support-
ing elements of various structures. The robot is able to
move under metal structures and overcome 90-degree
bends along box-shaped beams.

Another robotic platform, RASTRUB, is designed for
internal inspection of extended industrial facilities and
pipelines with nominal diameters of 500-1200 mm. The
device provides high-precision monitoring on long sec-
tions of highways.

The platforms are equipped with modern naviga-
tion tools and data collection systems, which makes
them effective for monitoring the infrastructure and
preventing emergencies.

The unmanned platform on a combined course
“Sputnik-ZhD” (Sputnik railway platform) was de-
veloped by specialists from Emperor Alexander I Pe-
tersburg State Transport University’s Department of
“Ground transport and Technological Complexes”. The
prototype was created at the end of 2024. The design
and elements of the combined stroke were manufac-
tured at the Experimental Plant of the Oktyabrskaya
Railway — Branch of JSC Russian Railways. It can be
used to transport work crews, track mechanized tools,
materials for high-speed trains, ultrasonic and magnet-
ic monitoring of railway condition. When connecting
several platforms, 12.5 m and 25 m rails can be trans-
ported.
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It is convenient to use such self-propelled rolling
stock, first of all, on low-intensity lines, as well as dur-
ing repair work on closed tracks. The platform can
move off the track on stages without any additional
devices and devices and independently enter the rails.
The movement of the device is provided by four trac-
tion electric motors powered by a high-power lithium
battery. With a mass of about 1 ton, the platform can
take the same load.

The digital technologies developed by Emperor
Alexander I Petersburg State Transport University re-
searchers aroused the keen interest of the transport in-
dustry specialists during the exhibition. For example,
the University Branch Research Laboratory (ONIL) “Au-
tomation of maintenance, diagnostics and monitoring
of harvester systems” showed interactive simulators
and training manuals for builders, construction work-
ers, wagon workers and track workers.

Simulators are, in fact, interactive 3D models that
open up a lot of learning opportunities. Thus, the lab-
oratory installation “Design and installation of a cul-
vert” allows you to get acquainted with the stages of
laying communications, as well as to understand what
equipment and equipment are necessary for the safe
performance of work. The Signaling relay equipment
installation is designed to study the maintenance and
components of electromagnetic relays. 3D atlases of
freight wagons and railway tracks help to study the
design of rolling stock and tracks, and then check how
much knowledge has been acquired. At the same time,
you can examine the device in detail, even see what is
hidden for visual inspection.

It is also worth-noting how relations with foreign
colleagues were strengthened during the “Business
Days” of the forum. The exhibition is believed to be
the largest in the 1520 railway zone (Russia + CIS) with
the participation of foreign companies. Both Asian
and European delegations participated. In total, seven
agreements were signed, including one concerning co-
operation between JSC Russian Railways and the State
Association “Belarusian Railway”.

The guests from China also presented the latest de-
velopments and expressed their opinion about the ex-
hibits presented at the forum. “Over the four-day exhi-
bition, exhibitors showcased cutting-edge technologies
and innovative achievements in the railway transpor-
tation industry”, Chinese edition of Emac wrote, not-
ing the high level of the event and the productivity of
discussions?.

“PRO//Motion.The Expo” discussed the prospects
for the development of railway engineering, especially
in a multipolar world. Other issues highlighted were

! https://ccec-engine.com/deeply-cultivate-the-international-market-empowering-the-future-of-rail-focus-pro-motion-expo-

2025-sinomac-exhibition-highlights-review/
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The newest Russian locomotives and wagons: In the photo from left to right: a two-section multifunctional diesel vehicle of the
Pioneer-Integral project, designed to diagnose infrastructure devices, by JSC Firma Tvema; EP2M suburban DC electric train by
Demikhovo Machine-Building Plant; two-section electric locomotive with asynchronous traction electric motors 2TE35A by JSC

Sinara — Transport Machines; main cargo electric locomotive of alternating current 2ES11 “Orlets” with asynchronous traction drive
by Ural Locomotives LLC. Photo Photobank of JSC Gudok Publishing House

D

Retro equipment exhibition.

The steam locomotive of the FD20-1675 series, produced
in 1937 by October Revolution Voroshilovgrad Diesel
Locomotive Construction Works. August 29, 2025.
Photo Photobank of JSC Gudok Publishing House

Retro equipment exhibition. A unique steam locomotive
of the OP 7587 series, produced in 1907 at the Putilov Plant
in St. Petersburg. August 29, 2025.

Photo Photobank of JSC Gudok Publishing House

Theatrical performance “Victory” at the site of Russian Railway Museum. August 29, 2025. Retro equipment exhibition.
A unique steam locomotive of the OP 7587 series, produced in 1907 at the Putilov plant in St. Petersburg.
Photo Photobank of JSC Gudok Publishing House
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the conditions for achieving Russia’s technological
sovereignty and mutually beneficial cooperation, as
well as the introduction of new technologies, such as
domestic production of locomotives, digitalization and
unmanned transport systems. Unique domestic de-
velopments were presented during the event. Among
them are specialized freight wagons, modern “smart”
locomotives, updated first-class carriages and the latest
T-size wagon for passenger transportation.

Bionotes
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At the end of the railway fair, a dynamic exposition
of historical rolling stock was presented. It was dedicat-
ed to the 80th anniversary of the Great Victory and the
180th anniversary of the Russian locomotive industry.
11 steam locomotives passed through the tracks of the
Baltic Railway Station.

The program ended with a theatrical performance
recreating the the return of soldiers from the Great Pa-
triotic War and the Victory celebration.
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ABSTRAC This paper examines the innovation management system at Russian Railways (RZD), one of the largest
railway companies in the world, and analyses the evolution of the RZD innovation policy from 2007 — the
year that a strategic course for technological development was taken — up to the present day.

In the paper the authors describe the key institutional element of the system: the Center for Innovative Development (es-
tablished in 2009), which coordinates strategic planning, methodological supporting, the management of the external projects
portfolio, interacting with the external environment, and intellectual capital. We also show how the company moved from
isolated experiments to a centralized management system that oversees its central and regional levels, as well as subsidiaries.

The paper introduces the main forecasting and planning tools used: foresights (including a long-term, foresight study up
to 2050 completed in 2021) and technological comparisons (benchmarking against 60 foreign companies according to 70 in-
dividual metrics and 34 technological areas). The authors give examples of innovative projects that are being implemented:
driverless trains on the Moscow Central Circle; a digital railway station in Chelyabinsk; and the construction of the high-speed
railway between Moscow and St. Petersburg.

Further, we describe the “open innovations” ecosystem: regional centres for innovative development; the “One Stop Shop for
Innovations” digital platform; and partnerships with technology parks and innovation clusters (Skolkovo, Innopolis, etc.). The
mechanisms for supporting projects at all stages are explained — from idea (quantoriums, business incubators, and the “New
Link”and JSC RZD “Idea” competitions) to replication (the Russian Railways Innovation Support Programme).

Particular attention is paid to intellectual property management: the portfolio of JSC Russian Railways includes more than
4700 assets (software, inventions, utility models, trademarks). Measures to protect intellectual property, litigation work, and
commercialization strategy are discussed.

The authors conclude that a systemic innovation policy, coupled with the synergy of internal and external resources, a focus
on technological sovereignty and intellectual capital management, will ensure that Russian Railways maintains its position as
a transport industry leader.

KEYWORDS. innovation; JSC RZD; innovation management; innovative ecosystem; foresight; benchmarking; open
+ innovation; intellectual property; technological development; regional centres for innovative develop-
ment; digital platform; technological sovereignty
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AH HOTA M PaccmotpeHa cuctema ynpaBneHus nHHoBauuamm B OAO «PXX/[» — ogHOM U3 KPYNHEeNLWMX Xene3Hoa0-
LL POXXHbIX KOMMNaHMI Mupa. [poaHann3MpoBaHa 3BONIOLMS MHHOBALMOHHOW NONUTUKM KoMnaHum ¢ 2007 T,

Koraa Obin B3AT CTpaTernyeckmin Kypc Ha TEXHOIOrMYeckoe pa3BUTHeE, U A0 HACTOSILLErO BPEMEHMU.

OnucaH K4YeBON UHCTUTYLMOHANbHDBIW 3n1eMeHT cucTeMbl — LLeHTp MHHOBaLUMOHHOro pa3eutus (co3paH B 2009 r.), koop-
OVHUPYIOLWLMIA CTpaTerMyeckoe naaHMpoBaHWe, METOA0N0MMYECKYH0 NOALEPXKKY, yNipaBaeHne nopTdenemM BHEWHUX NMPOEKTOB,
B3aMMOAENCTBUE C BHELUHEeW Cpeaol U UHTeNNeKTyanbHbIM KanutanoMm. [okasaHo, kak KOMNaHUs nepeLuna oT TOYeYHbIX 3Kcrne-
PVYMEHTOB K LLeHTPan30BaHHOM CUCTEME YNPABNEHUS MHHOBALMSAMM, OXBaTbIBAOLLEN LLEeHTPanbHbIA U perMoHanbHbIA YPOBHU, A
TaKxe AoyepHue obLuecTsa.

PackpbITbl OCHOBHblE UHCTPYMEHTbI MPOrHO3MPOBaHMS M MIAHMPOBAHUSA: HOPCaNThbI (B TOM YMCe AONTOCPOUHbIA HOPCalT fo
2050 r., npoBeneHHbI B 2021 1.) u TexHonornyeckme conocraBneHuns (6eHumapkuHr ¢ 60 3apybexHbiMu komnanuamu no 70 no-
KasaTensam u 34 TexHONorn4yeckuMm HanpasneHusm). [puBeaeHsl NpUMepbl peann3oBaHHbIX MHHOBALMOHHbIX MPOEKTOB: becnu-
NOTHOE ABMXKEHWE Ha MOCKOBCKOM LLeHTPaNbHOM KOJbLe, LMPPOBas ene3HoA0pOXHas CTaHuuMs B YensabuHcke, CTpPOUTENbCTBO
BbICOKOCKOPOCTHOM Maructpanu Mocksa — CaHkT-lMeTepbypr.

OxapakTepu3oBaHa 3KOCUCTEMA KOTKPbITbIX MHHOBALMIA®: PETMOHAbHbIE LLeHTPbl MHHOBALMOHHOMO pa3BuTUS, LndpoBas nnat-
dopMa «EanHoe 0KHO MHHOBaLMIA, NAPTHEPCTBO C TEXHOMApPKaMu M MHHOBALMOHHbIMU KnacTepamu (CkonkoBo, MIHHononuc v ap.).
OnucaHbl MEXaHW3Mbl MOAAEPXKKM NPOEKTOB HA BCEX 3Tanax — OT uaen (KBaHTOpUyMbl, Br3Hec-uHKybaTopbl, KOHKYPChl «HoBOE
3BeHO» U «Mpes» OAO «PX[») no TMpaxupoBaHus (MporpamMma nogaepxkun nHHoBauuin OAO «PX[»).

Ocoboe BHMMaHWe yaeneHo yNpaBieHUI0 MHTENNeKTyanbHOM cobcTBeHHOCTbIO: nopTtdens OAO «PX[» HacuuTbIBaeT CBbille
4700 obbekToB (MporpaMMHoe obecneyeHue, n306peTeHus, NnonesHble Moaenu, ToBapHble 3HaKuM). PaccMoTpeHbl Mepbl MO 3aluTe
WHTENNeKTyanbHOM COBCTBEHHOCTH, CyaebHO-NpeTeH3MoHHag paboTa v CcTpaTerns KoMMepLuanmsaumn.

ABTOpbI NPUXOAAT K BbIBOAY, YTO CUCTEMHAst MHHOBALMOHHAs MNOMUTUKA, UHTErPaLMs BHYTPEHHUX U BHELLHUX PecypcoB, GOoKyC
Ha TEXHONOrMYEeCKOM CyBEpEHUTETE U YNpaBeHUU UHTeNeKTyanbHbIM KanuTtanom obecneunsatt OAO «PXO» nupepctso B

Managing innovation in corporations: The experience of JSC Russian Railways

ISSUE 4 2025

TPAHCMOPTHOM OTPaC/M.

Kn |_OL|EBb|E C”OBA. uHHosauun; OAO «PX[»; ynpaBneHne MHHOBALMAMM; MHHOBALMOHHAA 3KocucTema; hop-
+ CaWT; GEHYMAPKMHT; OTKPbITbIE MHHOBALIMM; MHTENIEKTYAIbHAs COOCTBEHHOCTb; TEXHONOMMYE-
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[na umtuposauua: TaHaes B.®., Hukonaes O.0. YnpaBneHue MHHOBALMSAMM B KOPMOPALMAX: OMNbIT KOMNaHuu «Poccuiickume xenes-
Hble foporu» // TpaHcnopt BPUKC. 2025.T. 4. Bein. 4. C. 2. https://doi.org/10.46684/2025.4.2. EDN: WSWBBG.

INTRODUCTION

Rail transport plays a vital role in the development
of national transportation systems and economies.
Railways create new transport corridors, improve re-
gional connectivity, develop domestic tourism and help
shape a comfortable and safe environment for millions
of people — both passengers and shippers. The ap-
pearance of new technologies opens up new horizons
and opportunities for innovative development in rail
transport. The implementation of innovations allows
railway companies to respond quickly to changes in
consumer preferences and the market environment,
helping increase the competitiveness of rail transport
compared to road and air transport.

The innovative development of Russian Railways
(JSC RZD) is inextricably linked with the prospects,
goals, and objectives of the country in general, which
are defined in the Concept of Technological Develop-
ment of the Russian Federation for the period up to

2030, the national goals for the Russian Federation up
to 2030 and up to 2035, and Federal Law No. 523-FZ
“On the Technological Policy of the Russian Federation”
dated 28 December 2024.

THE STRATEGIC VECTOR OF INNOVATIVE
DEVELOPMENT

Russian Railways is one of the largest and most in-
novative railway companies in the world today. The
company embarked on a strategic course towards in-
novative development in 2007 following a rebranding
and a review of the company’s business development
strategy. The Center for Innovative Development (here-
inafter referred to as the Center) was established in
2009 to organize the innovative activities of this verti-
cally integrated and systemically important company
in Russia [1]*. The Center became an integrator of new
competencies and the basis for the development of an

1 List of Systemically Important Organizations of the Russian Economy: Approved by Minutes No. 3 of the Meeting of the
Government Commission to Increase the Sustainability of the Development of the Russian Economy dated 20 March 2020.
Available at: https://www.consultant.ru/document/cons_doc_LAW_349267/40833be0fb65511bddc7cff58090c734a22b7ab3/.
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innovative ecosystem and the dissemination of an in-

novation culture throughout the country’s network.

This came after the appearance of various internal
and external factors that led to an increased need for
the following processes:

e the development of interaction with manufacturing
companies and small tech entrepreneurs at the re-
gional level;

e the development of systematic work with the execu-
tive authorities, research organizations, state cor-
porations, and other structures on issues related to
innovative activities;

e a transition from targeted work with promising
projects and initiatives at the local level to the crea-
tion of a centralized system uniting JSC Russian
Railways, its branches and other structural divi-
sions and regulating work with innovations at all
stages of their implementation.

The Government of the Russian Federation set the
task of implementing innovative development pro-
grammes in 2010%3. Just one year later, the JSC Russian
Railways Board of Directors approved its Innovative
Development Programme for the period up to 2015
(IDP 2015), marking the launch of systematic work in
priority areas of the company’s innovative develop-
ment. The basic principles of technological develop-
ment were established, defining the timeline for the
implementation of resource-saving technologies, the
creation of modern transport and logistics systems,
and the complete overhaul of rolling stock and infra-
structure in line with the best international practices.

The Center has come a long way since its establish-
ment 16 years ago, as have the innovative activities at
JSC Russian Railways:

e Planning horizons have been expanded; organiza-
tional changes have been introduced to support in-
novations and new strategic areas for development
have been established: import substitution, the in-
volvement of external organizations (universities,
tech companies, development institutions) in solv-
ing the company’s problems, protecting and devel-
oping its own intellectual capital.

e A comprehensive system of support for innovative
projects and a functional vertical structure have
been created that oversees the central and regional
levels of innovation management and extends to
subsidiaries of JSC Russian Railways.

However, the company has faced new challenges
since 2020: the COVID-19 pandemic; sanctions; the
withdrawal of Western companies from the Russian
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market; problems with staff retention and much more.
The response to these challenges was a rethinking of
the innovative development priorities, with a focus
on ensuring technological sovereignty and improv-
ing the safety of rail transport. The company focused
on ensuring transport accessibility across the country,
improving services, enhancing comfort and speed for
passengers and freight, improving the quality of trans-
portation, and developing new types of services based
on the latest technologies. Russian Railways is focused
more than ever on improving energy efficiency and en-
vironmental friendliness, automation, robotics, and Al
implementation.

Today, Russian Railways is working with the busi-
ness community to develop hi-tech areas relevant to
the government and is also implementing national pro-
jects that create new opportunities for accelerating the
technological development of rail transport in Russia.

THE ARCHITECTURE OF THE INNOVATION
ECOSYSTEM

The Russian Railways Holding’s innovation ecosys-
tem combines sources of “in-house” innovations (for
example, the scientific-industrial complex) and tools
for attracting and adapting external innovative solu-
tions and technologies.

1. Science institutes — RZD subsidiaries (Railway
Research Institute, RIIZT; Scientific Research Institute
of Railway Transport; All-Russian Research and De-
sign Technological Institute of Rolling Stock, VNIKTI;
Institute of Transport Economics and Development,
IERT; etc.), design bureaus and research laboratories
attached to the largest research and technological cen-
tres in Russia (for example, the Innovation Center for
Railway Transport, a resident of the Skolkovo Innova-
tion Center), specialized JSC RZD research laboratories
in the Lomonosov cluster (Fig. 1), and others ensure
the continuity and development of engineering knowl-
edge and expertise in fundamental areas of railway
transport, and are directly involved in applied R&D for
JSC RZD and the rail industry.

2. Understanding that breakthrough technologies
often emerge outside the industry, Russian Railways
has built an extensive system of interaction with the
external innovation environment. The partner net-
work includes hundreds of technology parks, indus-
trial clusters, and industrial competence centres (such
as the Moscow Innovation Cluster Fund, MIC Fund,;

2Instruction No. Pr-22 of the President of the Russian Federation on the Results of the Work of the Presidential Commission on
the Modernization and Technological Development of the Russian Economy dated 4 January 2010.
3 Minutes No. 4 of the Meeting of the Government Commission on High Technologies and Innovations dated 3 August 2010

(Para. 4).
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Fig. 1. Quantum Communications Center in the Lomonosov
Cluster. Photo provided by the press service of Russian Railways

the Skolkovo Foundation; Joint Stock Company Tech-
nopark of Novosibirsk Academgorodok, Academpark
Innopolis Special Economic Zone in Tatarstan, Open
Joint-Stock Company Lenpoligrafmash in St. Peters-
burg, and many others). The main goal of this part-
nership is to identify, adapt, or jointly develop prom-
ising domestic technologies to meet the requirements
of rail transport in such areas as unmanned vehicles,
new materials, intelligent surveillance systems, digital
platforms, and others.

Regional Innovation Development Centers (RIDCs)
have been established on all the country’s railways,
ensuring productive interaction between JSC RZD divi-
sions and innovative solutions developers (small tech
companies, industrial enterprises, scientific and pro-
duction organizations).

The Center for Innovative Development coordinates
the activities of all elements of the Russian Railways
Holding’s innovation management system:

e strategic planning: the Center defines the priority
areas of technological development, which in turn
form the basis of “road maps” for all participants in
the innovation ecosystem;

e methodological support: within its scope of respon-
sibility, the Center provides the methodological
base for the company’s structural divisions (direc-
torates, branches), which makes it possible to cre-
ate standardized and effective project development
processes “on the ground,” bringing innovations as
close as possible to the end customer — the com-
pany’s divisions;

e External project portfolio management: end-to-end
management of open innovation projects — from
collecting information on the needs of the com-
pany’s units, searching for and evaluating relevant
innovative solutions, to selecting tools for adapting
and refining them and organizing pilot testing, im-
plementation, and subsequent replication across
the network;
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e Systemic work with the external environment: the
Center serves as a “one-stop shop” for thousands of
external tech suppliers, structuring their requests
and proposals and directing them to the appropri-
ate units;

e Intellectual property management: legal protection
and commercialization of JSC RZD’s intellectual ac-
tivities results.

FORECASTING, PLANNING,AND DISTRIBUTION
OF TASKS

In the context of the rapidly changing macroeco-
nomic situation, the company has established a process
for developing strategic priorities for the short- (three
to five years) and long-term (20-30 years) planning ho-
rizons to promptly identify new areas for the develop-
ment of rail transport and introduce innovations into
the activities of JSC RZD.

The main tools used in this process are foresight
and technological comparisons, integrated into the in-
novation management system of the Russian Railways
Holding. These tools allow us to analyse promising
trends in the development of the transport industry, as
well as in the Russian and global socio-economic sys-
tems, and identify best practices and solutions based
on the experience of the most tech-savvy companies.

Foresight and technological comparison (bench-
marking) are quantitative, qualitative, and expert fore-
casting and analysis methods that are used to assess
the current company’s innovative development level
and formulate a development strategy that identifies
promising vectors for achieving set goals. The process
involves analysing the strategic documents of countries
and companies, reports of international organizations,
and patent databases.

Foresight is the main tool of technological forecast-
ing, based on the analysis of extensive flows from vari-
ous sources. Focus groups are a big part of the foresight
process, which involves brainstorming sessions and
the tracking of futurological forecasts. The expert com-
munity’s involvement in this activity is in the form of
hundreds of multidisciplinary experts in the most im-
portant areas of scientific, technological, and engineer-
ing development. Dialogue with them allows Russian
Railways to assess the speed of breakthrough innova-
tions, determine the impact of technological changes
on rail transport, and, through joint efforts, model the
most effective development scenarios.

The first Russian Railways foresight study was com-
pleted in 2021. It focused on technological develop-
ment and had a forecast horizon that extends to 2050.
The global trends identified and the factors that char-
acterize them allowed the Center to forecast potential
scenarios for long-term technological development and
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Fig. 2. Lastochka Driverless Electric Train on the Moscow Central
Circle

Fig. 3. Operator monitoring the movement of the Lastochka
Driverless Train on the Moscow Central Circle

Fig 4. Chelyabinsk-Glavny Station, where construction
of a multifunctional digital railway station (Smart Station)
is being completed

Fig. 5. Duty Officer at Chelyabinsk-Glavny Station

Photos provided by the press service of Russian Railways

establish new requirements for the future transport in-
frastructure, rolling stock, and transport process* [4].

In addition, every year, JSC Russian Railways en-
gages independent experts to help assess its technologi-
cal development measures compare to other railway
companies around the world. For example, in 2024, the
company carried out a comprehensive comparison of
the business models of 60 companies across 70 perfor-
mance indicators and 34 technology areas. Key areas
that were analysed include transport logistics, trans-
portation management, digitalization, hi-tech solutions
implementation, the development of innovative rolling
stock and infrastructure, energy efficiency improve-
ment, environmental friendliness, and the transporta-
tion process safety.

Foresight and benchmarking allow companies to
move from technological forecasts to planning activi-
ties and setting specific objectives based on reserves
for growth and the achievement long-term goals. In the

period from 2018 to 2025 alone, JSC Russian Railways,

JSC RZD updated the Holding’s key strategic documents

and launched several cross-functional innovative prod-

ucts, including:

e The launch of an experimental electric train ser-
vice on the Moscow Central Circle (MCC), where
the driver simply monitors the equipment, while
an intelligent system steers the train autonomously
(Fig. 2, Fig. 3).

e The construction of a multifunctional digital rail-
way station (smart station) at Chelyabinsk-Glavny
Station, which is almost complete. Advanced robot-
ics and digital solutions and systems are being im-
plemented to ensure a full cycle of automation and
robotization of its technological processes (Fig. 4,
Fig. 5).

e The launch of construction of a high-speed railway
line on the Moscow - St. Petersburg section. Inno-
vative track and catenary system designs are cur-

4RZD 2050: Looking Beyond the Horizon. Ed. by V. Saraev. Moscow: Innopraktika. Available at: https://company.rzd.ru/ru/9990/

page/103290?id=19093#main-header.
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rently being created for this. and a train that will
operate at speeds of up to 360 km/h on the line is
being developed domestically.

“OPEN THE DOORS”: IMPLEMENTING
THE “OPEN INNOVATION” FORMAT

Over the past two decades, the speed at which tech-
nology is progressing has become a critical factor in the
development of major companies. Many corporations
(Russian Railways included) have leveraged their own
sources of innovation, with the entire cycle — from re-
search and development to implementation — being
contained within the company itself. In the context of
the digital revolution, those who deliberately started to
incorporate “external” ideas and technologies in a line
with their own in-house developments gained a com-
petitive advantage.

Working with innovations created by third par-
ties has enabled Russian Railways to transition from
isolated experiments to the creation of a sustainable
system of continuous research, testing, adaptation,
implementation, and replication of new technical and
technological solutions. This has led not only to the im-
plementation and large-scale rollout of specific techno-
logical solutions across the company’s infrastructure,
but also to the development of a culture of innovation,
which is reflected in the openness of its employees to
anything new and a willingness to seek new solutions
to current challenges, including challenges outside of
the company.

The regional innovation development centres es-
tablished from Kaliningrad to Khabarovsk have played
a crucial role in this.

Regional centres articulate the Holding’s needs and
harness the scientific and industrial potential of the
constituent entities of the Russian Federation to ad-
dress the most pressing challenges facing the company.

The centres serve as attraction points for innovative
activity in the regions, localizing the company’s objec-
tives. For example, on 21 April every year, the regional
centres celebrate Russian Railways Innovation Day,
timed to coincide with World Creativity and Innovation
Day. Every year, up to 10,000 Russian Railways employ-
ees, tech entrepreneurs, government representatives,
development institutions, research organizations and

From idea to draft
(research work)

From draft to product
—>(engineering development) — (rollout and replication)
U U
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universities, and innovative manufacturing enterpris-
es take part in Russian Railways Innovation Day events
across the country.

The Oktyabrsky Center for Innovative Development
opened by JSC RZD CEO and Chairman of the Board
Oleg Belozerov and Governor of St. Petersburg Alexan-
der Beglov in June 2019 was the first of its kind.

Another key element of the open innovation pro-
cess was the creation of a unified digital platform —
the “JSC RZD Single Window of Innovation” — to accept
technology requests from the Holding’s customer divi-
sions and innovation initiatives from external parties.

This way, not all technologies are developed exclu-
sively within the company, allowing it to borrow best
practices from other industries and integrate them into
its production processes, including through long-term
partnerships with the scientific and technological com-
munity. Developers from outside the company propose
solutions, while experts in the relevant areas at the
company evaluate their potential application, adapta-
tion, and implementation.

The fact that all participants in the project selection
process have access to a single digital platform, coupled
with the fact that the regional centres are distributed
more or less evenly across the country’s railway net-
work, means that submissions can be reviewed at the
centre for innovative development that is closest to the
applicant and then tested on the railway whose needs
and specific features they address (climate conditions,
logistics infrastructure, etc.). This type of information
exchange makes it possible to quickly replicate promis-
ing solutions that have undergone successful testing in
one region on other railways.

More than 10,000 external innovative proposals
have been submitted and reviewed in the seven years
since the platform’s launch.

COMPREHENSIVE SOLUTIONS FROM IDEA
TO ROLLOUT

JSC RZD Russian Railways is developing a corporate
ecosystem for innovation activities, integrating various
tools to support promising projects to scale up the im-
plementation of innovative solutions, accelerate their
adaptation, and attract external funding to refine pro-
jects in the company’s interests (Fig. 6).

From product to process

~
Quantoriums
Business incubators
New Link Competition
JSC RZD Idea Competition

~

JSC RZD Transport Accelerator

~

JSC RZD Innovation
Support Programme

Co-financing for fine tuning
and adapting projects

Fig. 6. Support Mechanisms for Innovative Projects
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JSC RZD has a comprehensive system of support for
innovative projects at all stages of their life cycle —
from a promising idea to the project’s rollout at rail-
way sites.

One of the company’s strategic priorities is the de-
velopment of human capital. The development of inno-
vative thinking in future specialists starts at school —
at the Quantorium children’s tech parks and the busi-
ness incubators at the country’s leading transport
universities. Here, schoolchildren and students master
the basics of technical creativity and project work and
learn the fundamentals of business.

One example is the joint student business incuba-
tor set up by the Oktyabrskaya Railway and Emperor
Alexander I St. Petersburg State Transport University,
where heads of production departments provide sup-
port for projects developed by future specialists and
encourage student entrepreneurship through consult-
ing and project assessment.

In addition, large corporate competitions are held
every year within the company, serving as a “social lift”
and way of “monitoring” promising ideas put forward
by employees. The “New Link” youth project competi-
tion and the JSC RZD “Idea” Innovation Proposal Com-
petition attract an impressive number of participants
every year — more than 5000 people submitting ap-
proximately 2000 projects and initiatives for expert
review. The most promising of these go through accel-
eration programmes before in-depth development and
implementation.

Key in the development of the innovation ecosystem
is the practice of attracting external financing. JSC RZD
actively works with the constituent entities of the Rus-
sian Federation and foundations that support scientific
activities. To systematize this work, the company has
compiled and constantly updates a list of more than
70 federal and regional support programmes.

The Russian Railways Innovation Support Pro-
gramme serves as the corporate financial support in-
strument, and it has been running since 2022. Approxi-
mately 200 projects run by 28 company divisions have
been financed since its launch through direct financ-
ing, which demonstrates the demand for this mecha-
nism and its role in bringing promising developments
to the implementation stage.

PROTECTING AND MANAGING RZD’S
INTELLECTUAL CAPITAL

In today’s economy, the value of a company is meas-
ured not only by its tangible assets, but also by its intel-
lectual capital.

In the modern economy, the value of a company is
measured not only by its tangible assets, but also by its
intellectual capital.
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Fig. 7. JSCRZD Intellectual Property Portfolio as of 1H 2025

For such a technically complex and massive corpo-
ration as Russian Railways, intellectual property (IP) is
a significant strategic resource. Having one of the larg-
est IP portfolios among companies with state participa-
tion (more than 4700 assets, per 1H 2025 results Fig. 7),
JSC RZD has built a comprehensive and proactive sys-
tem for its protection and management.

The Russian Railways IP portfolio is a dynami-
cally developing structure that includes all types of
results of intellectual activity (RIA) that are granted
legal protection in accordance with the law. Since the
beginning of 2025 alone, Russian Railways has been
granted intellectual property rights (patents and cer-
tificates) to over 300 assets. The portfolio structure
(see Fig. 2) clearly demonstrates the company’s digi-
tal transformation: nearly 70% of the IP portfolio is
made up of computer programs. This is the core of
the digital infrastructure that powers the entire en-
terprise — from transportation management systems
to customer services.

Approximately 20% of the JSC RZD IP portfolio con-
sists of registered inventions and useful models that
protect breakthrough technical solutions in the field
of traction, infrastructure, and logistics. A regulatory
framework is the basis for managing these assets. Sev-
eral internal documents were revised and updated in
2024-2025 that regulate the company’s activities at
various stages of the IP lifecycle — from identifying
promising developments to their commercialization.
Among these is the company’s key document in this
area — the IP Management Strategy for the Period up
to 2030 (hereinafter referred to as the Strategy) — is
undergoing approval. Among the priorities outlined
in the strategy are ensuring the company’s technologi-
cal sovereignty and leadership. Thus, working with IP
not only protects significant investments in R&D from
potential plagiarism, but it also allows the company to
benefit from the use of new, superior developments.

Another area of the Russian Railways’ work is the
protection of its trademarks. The company has estab-
lished a practice of registering all names used. How-
ever, legal protection alone is not always sufficient to
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combat IP theft. Since 2024, the Center for Innovative
Development has been working alongside the com-
pany’s legal department to conduct systematic litiga-
tion and claims work. Practice shows that the claims
stage is frequently ignored by the guilty parties. The
response to this is to initiate legal proceedings. In
2024-2025 alone, approximately 300 violations were
suppressed, a significant portion of which concerned
the sale of counterfeit products online (goods bearing
the Russian Railways logo, for example).

Not only does this work bring benefits in terms of
monetary compensation, but it also serves a preven-
tative purpose. The information that is made public
about Russian Railways actively initiating claims for IP
violation and the amounts the company has received
in compensation for such violations is creating a new
reality in which offenders are forced to take the risks
into account. In addition to protecting the company’s
rights, measures are also being taken to commercialize
its intellectual property.

Every year, JSC RZD enters into licensing agree-
ments for the right to use its IP, demonstrating that it is
in demand not only within the company, but also in re-
lated markets. The Strategy assumes that income from
the use of the IP portfolio will continue to grow.

Thus, JSC RZD’s IP activities are developing from
solving tactical problems of registering and protecting
IP to building a strategic system that is able to antici-
pate potential challenges. The company’s large and di-
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versified portfolio, supported by the digitalization of
patent documentation and an active legal position, has
become a key asset ensuring the Holding’s technologi-
cal leadership and sustainability. Intellectual property
is no longer simply a legal formality; it is a fully fledged
tool for managing innovation and strengthening na-
tional technological sovereignty in a critically impor-
tant area — rail transport.

CONCLUSION

The railway is a complex system of transport, ener-
gy, services, environment, and people that transforms
rails, stations, and rolling stock into a single, living or-
ganism. It is a sustainable ecosystem that ensures the
seamless fusion of customer needs, innovative tech-
nologies, and engineering expertise.

JSC RZD’s continuous innovation system is a key fac-
tor in the company’s accelerated growth: cutting-edge
developments allow Russian Railways to continually
improve service quality, safety, mobility, and comfort.
Its flexible and systematic approach to planning inno-
vation activities and implementing innovative projects,
the innovation management ecosystem it has estab-
lished, and its partnerships with organizations in the
external innovation environment ensure that Russian
Railways is one of the most innovative and hi-tech
transport companies in the world.
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INTRODUCTION

The year 2025 marks the bicentennial of rail trans-
port. The year 2024 was the 60th anniversary of high-
speed rail (HSR). In view of the proximity of the two
important anniversaries, it would be relevant to carry
out a comparative analysis of the development of both
conventional and high-speed rail infrastructures in the
world.

For the purposes of the analysis, it would be ap-
propriate to consider 60-year long periods. Given that
fully operational steam-powered railways emerged in
1830 and this happened in different countries and even
parts of the world [1], it would be appropriate to con-
sider a period between 1830 and 1890 as the relevant
period of the development of conventional railways.
This will ensure the comparability of the basic values
of the global length of conventional railways (about
400 km in 1830) and high-speed rail lines (515 km
in 1964).

COMPARING THE GROWTH IN LENGTHS
OF CONVENTIONAL AND HIGH-SPEED RAIL
NETWORKS

Both conventional and high-speed rail networks
demonstrated impressive growth over the respective
60-year periods (Fig. 1, 2). Changes in the length of the
global network of conventional railways are best de-
scribed by a power-law trend (the coefficient of deter-
mination R? is close to 1). Changes in the length of the
global HSR network are more precisely described by
an exponential trend (the coefficient of determination
is also close to 1). This suggests that the development
of the infrastructure for conventional and high-speed
rail lines follow different patterns. The difference has
an economic interpretation.

The conventional railway infrastructure, the con-
struction of which was commercially efficient [2, 3],
began to be built quite quickly in many countries, not
only in highly developed ones [4]. Being much more
advanced technologically and expensive than construc-
tion of conventional railways, HSR construction is usu-
ally not commercially efficient and generates effects of
social and economic nature [5-11]. Hence, high-speed
rail construction requires significant public funding,

TRANSPORT ECOSYSTEM: SOCIETY, STATE, AND GLOBAL CHALLENGES

which is only possible in highly developed or rather
large medium-developed economies.

In the 19th and early 20th centuries, the construc-
tion of conventional railways served as a tool to accel-
erate the development of countries, including as part of
economic catch-up strategies, even from the very low
start. In the 20th and early 21st centuries, the fact that
a country builds high-speed rail indicates that it has
achieved quite a high level of social and economic de-
velopment, where, on the one hand, it can afford hav-
ing high-speed rail service, and on the other hand, it
has to do so for the sake of further development of its
society and economy, as many other development tools
have been already utilized and largely exhausted.

Japan is a vivid example of this. It started build-
ing railways as late as 1868 [4], when dozens of other
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countries already had railways? and the total length
of the global railway network was about 200 thou-
sand km [13]. High rates of railway construction in
Japan in the late 19th and early 20th centuries were
one of the major tools of the catch-up development
strategy implemented at the time. In 1870, Japan’s
GDP per capita was 84% of the world average, and by
1913 it was as high as 91%. Nevertheless, Japan still
substantially lagged behind economic development
leaders. The world’s first high-speed railway line was
launched in Japan less than one hundred years after
the start of railway construction in the country, in
1964. It was no longer a catch-up development tool,
but one of the outcomes of the country’s successful
post-war progress known as the “Japanese economic
miracle” [15], which ultimately made Japan one of the
global economic leaders.

When characterizing differences in the develop-
ment of the global network of conventional and high-
speed railways, it is very important to compare growth
rates for each of the networks (Fig. 3, 4).

While the absolute growth values for the global
network of conventional railways increased from one
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decade to another (see Fig. 1), the growth rates of their
network gradually decreased (see Fig. 3).

The dynamics of the HSR network growth rates
changed nonuniformly (see Fig. 4). Worth mention-
ing are two periods when its growth accelerated: first,
between 1974 and 1984, when the high-speed rail net-
work began to develop in Europe, and second, between
2004 and 2014, when the acceleration was driven by
high growth rates in HSR construction in China which
currently has more than two thirds of the global high-
speed rail network.

COMPARING THE CONCENTRATION
OF CONVENTIONAL AND HIGH-SPEED RAIL
NETWORKS

An analysis of the concentration of the global HSR
network in comparison with the conventional railway
network is worth a separate note.

By the end of the 60-year period in question (1890),
the majority (90%) of conventional railways were con-
centrated in the United States and Europe. At the same
time, a notable portion (10%) was accounted for by oth-
er parts of the world: Asia, Africa, and Australia (Fig. 5).

Australia; 3.1%
100%
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Africa; 1.5%

80% Africa; 0.3%
Asia; 5.5%

70%
Asia; 79.2%
60%

50%
USA; 53.7%
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20%
Europe; 19.4%
10%

Europe; 36.3%

0%
Conventional
railways (1890)

High-speed
rail lines (2023)

Fig. 5. Concentration of conventional railways (1890)
and HSR (2023) by part of the world by the end
of the respective 60-year period of development

In particular, as early as 1867, the length of Russian railways
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exceeded 5,000 km and was growing rapidly [12].
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The concentration of the HSR network (as of 2023)
was even higher: it was nearly entirely (98.6%) concen-
trated in Eurasia, with Asia accounting for four times
more than Europe.

Worth noting is that although they first appeared
in Europe, by the end of the 19th century, convention-
al railways were the longest in the United States. On
the other hand, high-speed railways first appeared in
Asia and are also developing most dynamically in this
part of the world. However, in both cases, the growth
was related with passing the baton from the country
that pioneered in the construction of railways (Great
Britain for conventional railways and Japan for HSR)
to the country with the longest network length (the
United States and China, respectively). The diffusion of
innovation in the railway sector (and in transport in
general) significantly increases the efficiency of both
industry and macroeconomic development [16, 17].

Representative is the data on the top ten countries
in terms of the length of infrastructures for conven-
tional railways (in 1890) and HSR (in 2023) (Tables 1, 2).
For conventional railway infrastructure, the leading
country accounted for 43.5%, the top five countries ac-
counted for 66.9%, and the top ten countries accounted
for 83.0% of the total global network length (see Ta-
ble 1), while for high-speed rail, the figures are 70.2%,
88%, and 95.8%, respectively. In other words, the share
of the HSR leader (China) exceeds that of the top five
countries in terms of length of conventional railway
infrastructure, and the share of the top five countries
for HSR exceeds that of the top ten countries for con-
ventional railway infrastructure.

Table 1
Top 10 countries in terms of length of conventional railways
in 1890
Percent-
Country (cuangtexla-
tive), %
1 United States 268.409 435 43.5
2 Germany 42.869 6.9 50.4
3 France 36.895 6.0 56.4
4 Russia and Finland  32.39 5.2 61.7
5 Great Britain and 32.297 5.2 66.9
Ireland
6  Austria-Hungary 27.113 4.4 71.3
7 British East Indies 27 4.4 75.6
8 Canada 22.533 3.7 79.3
9 Italy 12.907 2.1 81.4
10  Spain 9.878 1.6 83.0
World Total 617.285

* Compiled by the authors on the basis of [13].
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Table 2
Top 10 countries in terms of length of high-speed railways
in 2023
List Length®, Percentage
o Country | thousand (cumula-
position km tive), %
1 China 45.390 70.2 70.2
2 Spain 3.993 6.2 76.3
3 Japan 3.147 4.9 81.2
4 France 2.760 43 85.5
5 Germany 1.631 2.5 88.0
6 Turkey 1.232 1.9 89.9
7 Finland 1.120 1.7 91.6
8 Italy 0.921 1.4 93.0
9 Sweden 0.895 1.4 944
10 South 0.874 1.4 95.8
Korea
World Total 64.7

* Compiled by the authors on the basis of [18].

Thus, the above analysis shows that concentration
is significantly higher for HSR than for conventional
railways (after an equivalently long period of develop-
ment), both by country and by part of the world.

MACROECONOMIC PERSPECTIVE

The development of conventional railway infra-
structure promoted economic growth. Paper [4] found
a positive correlation between the level of economic
development of countries and the level of development
of conventional railway infrastructure.

In the modern context, there is a positive correla-
tion between the level of economic development and
the level of development of high-speed rail infrastruc-
ture: there is a direct correlation between the coun-
tries’ share of global Gross Domestic Product at Pur-
chasing Power Parity (GDP PPP) and their share of the
global HSR network (Fig. 6). The coefficient of deter-
mination R? = 0.5886 suggests a rather high quality of
the regression line and shows, based on [19, 20], that
59% of the cumulative variation in the countries’ share
of global GDP is described by their share of the global
HSR network. The corresponding linear correlation co-
efficient (0.7672) enables us to conclude, on the basis of
the Chaddock scale, that there is not just a direct, but a
strong direct correlation between a country’s share of
the global GDP and its share of the global HSR network.

A comparison of changes in economic growth and
the length of HSR lines in countries with the largest
high-speed rail networks (China, Spain, and Japan)
shows that the fact that a country starts HSR construc-
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tion is indicative of its significant progress in economic
growth and subsequent development of high-speed rail
service adds impetus to the economic growth.

Thus, economic growth and development of high-
speed rail infrastructure are mutually supportive
processes with a positive inverse correlation between
them.

In this context, the launch of the project for build-
ing Russia’s first HSR line between Moscow and St. Pe-
tersburg is a landmark event [8, 21, 22]. First, it dem-
onstrates that the Russian economy has reached an ap-
propriate level of development and second, it paves the
way for the acceleration of economic growth in Russia.

While the total length of the global HSR network is
more than nine times shorter than that of the global
conventional railway network built during the first
60 years of its development, given the significantly
higher cost of HSR construction, the estimated invest-
ment in the high-speed rail infrastructure can be ap-
proximately as high as five times the investment in the
conventional railway infrastructure over the equiva-
lent period. This is a good illustration of the current
“renaissance” of rail transport as one of the innovative
leaders among sectors of the world economy [23].

At the same time, it is the high cost of building HSR
lines that provides an economic basis for the concen-
tration of the network of HSR lines identified in coun-
tries with rather large economies.

CONCLUSION

Our analysis enables us to draw meaningful conclu-
sions on the development of high-speed rail infrastruc-
ture in comparison with conventional railways.

The nature of railway infrastructure development
is determined by economic factors, such as its cost and
specific features of the effects it generates [24]. With
relatively low costs and significant commercial effects
(conventional railways), the construction and expan-
sion of railway infrastructure across countries and
continents is much more dynamic than when costs are
high and effects are mainly social and macroeconomic
(HSR). This conclusion is important in view of the pro-
posed construction of maglev and vacuum levitation
lines in the future [5, 25].

Compared to conventional railways, HSR is not
only a more expensive mode of transport, but it is also
more specialized. While in the 19th century, railway
construction had virtually no alternatives as a general-
purpose tool to promote modernization of economies,
in the 21st century, HSR should fit into a much more
developed transport system featuring versatile capabil-
ities and compete with other modern modes of trans-
port, first of all, air transport. Therefore, for the HSR
network to develop, it is quite essential to competently
implement the social, economic and environmental
benefits it offers and position them in society.

Finally, an important methodological conclusion as
to the long-term analysis of transport infrastructure
development is that a comparative analysis of the de-
velopment of various types of transport infrastructure
in different periods of history can be meaningful, pro-
vided the relevant time periods are comparable.
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INTRODUCTION

The challenge of increasing the carrying capacity
and throughput capacity of 1.520 mm gauge railways
is becoming increasingly relevant as freight turnover
is growing, even while rail loadings are decreasing. In
2018-2024, the main railway infrastructure in the Rus-
sian Federation underwent comprehensive moderni-
zation and expansion in accordance with the Decree
of the President of Russia dated May 07, 2018. In 2024,
more than RUB 1 trillion was allocated to infrastruc-
ture development and renovation projects alone [1].

The carrying capacity of railways at the approaches
to the Azov and Black Sea Basin and in the Eastern op-
erating domain increased 1.5 times compared to 2018.
The construction projects completed in 2024 resulted in
an increased carrying capacity of the Eastern operating
domain which reached 180 million tonnes. However,
even at this level, the carrying capacity is still not suf-
ficient. The goal is to increase the carrying capacity to
210 million tonnes in the Eastern operating domain, to
152 million tonnes for rail lines to the ports in the Azov
and Black Sea Basin, and to 220 million tonnes for the
North-West Region. In addition, because of a shortage
of public tracks, there is a problem of parking exces-
sive empty freight wagons. How can these problems be
solved in the future when the investment programme
of Russian Railways JSC has been reduced by 40%?

The development of heavy-haul traffic is considered
one of the solutions to the problems [2, 3]. There are
three areas in the development of heavy-haul traffic:

e Operating longer trains with an increased weight;

e Operating trains of a standard length but a high-
er weight made up of wagons with a higher load
capacity by increasing the allowable axle load to

27-30 tf;

e Operating trains of a standard length but a higher
weight and increased linear load while maintaining
the current permissible axle load of 25 tf.

OPERATING HEAVIER TRAINS:
BALANCING HIGHER CARRYING CAPACITY
AND RISKS FOR INFRASTRUCTURE

Making up longer trains of existing wagons will al-
low for some increase in carrying capacity. However,
due to the need to occasionally break them down into
sections to fit the length of receiving and departure
tracks for the purposes of maintenance, handling of
passenger trains, and replacement of locomotives and
locomotive crews, this will reduce the throughput ca-
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pacity of railways and can only be used on certain di-
rections.

The most efficient way would be to operate heav-
ier trains made up of wagons with an increased load
capacity by increasing the axle load to 27-30 tf [4, 5].
However, according to some experts, this will result in
lower strength and stability of the subgrade formation
and in damaging artificial structures [6-8].

These concerns are shared by the management of
Russian Railways and administrations of many other
railways in the 1520 Space.

Therefore, the implementation of this solution has
been postponed for an indefinite period, although it
was included in the original Strategy for the Devel-
opment of Railway Transport in the Russian Federa-
tion until 2030, and tests conducted on the Smychka-
Kachkanar section showed that wagons with an axle
load of 27 tf on improved bogies could be operated
without a noticeable deterioration of the track condi-
tion [9].

Operating heavier standard-length trains with an
increased linear load allows achieving higher carrying
capacity without reducing the throughput capacity. Af-
ter all, all the railways in the 1520 Space are designed
for the permissible linear load of 10.5 tf/m, except for
some older bridges. Therefore, in the modern context,
this solution is seen as the primary one for increasing
the carrying capacity of railways [10].

In order to increase the carrying capacity of rail-
ways, it is important to increase the net linear load, i.e.
the weight of freight per metre of the wagon length,
rather than the gross linear load. This can be achieved
by increasing the wagon static load, reducing the wag-
on tare weight, and shortening the wagon length and
spaces between wagons.

ASSESSING THE EFFICIENCY OF THE FLEET
OF RUSSIAN RAILWAYS JSCBASED
ON PERFORMANCE IN 2015-2024

To determine the efficiency of the existing wagon
fleet, we analysed statistical data of Russian Railways
JSC! [11] on the average static load of wagons ﬁst and
the average load capacity utilisation rate %.

The statistical data of Russian Railways JSC de-
fine the average static load of wagon as a ratio of the
weight of goods Q loaded on networks of Russian Rail-
ways or an individual line and the number of wagons
loaded N:

5 _Q
P = N’

st

! Report on loading of all wagon accessories and the use of their carrying capacity when transporting all goods. RZhD OJSC

FGO-10A. Moscow: Main Computer Centre of RZhD OJSC, 2024.
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Fig. 1. Static load per wagon in 2024

or by type of goods

Psti = ]QVZ’

where Q, is the weight of loaded goods of type i; and N,

is the number of wagons loaded with goods of type i.
The average load capacity P is determined as a ra-

tio of the sum of the nominal load capacity of wagons

available for loading and the number of wagons load-

ed. The load capacity utilisation rate is determined as

a ratio of the average static load and the average load
capacity

P, Py
A=-SL or ); =81,

1
Table 1 and Fig. 1 and 2 show data on static load of
wagons and the utilisation of their load capacity when
transporting basic bulk goods on Russian railways in
2015 and 2024. The average load capacity of a wagon
increased from 68.1 tonnes to 69.9 tonnes.

Table 1

Static load and utilisation of load capacity of freight wagons in 2015 and 2024

Wagon static load, t

Group of goods

Wagon load capacity utilisation, %

Active wagons, total

Oil and petroleum products

Iron and manganese ore
Non-ferrous ore and raw sulphur
Ferrous metals

Non-ferrous metal scrap
Chemical and mineral fertilizers
Chemicals and soda ash
Construction goods

Industrial raw materials and moulding materials
Cement

Timber

Grain

Paper

VEHICLES AND ROLLING STOCK

2015 2024 2015 2024

61.38
Stone coal 69.2

Coke 45.45
58.24
70.58
67.49
60.97
63.16
67.63
56.75
65.87
65.85
69.11
56.54
64.95
56.81

61.97 90.1 88.7

715 98.3 98.8
53.97 69.3 76.1
58.23 91.6 90.3
70.64 98.5 99.0
68.91 97.1 98.3
63.47 87.5 90.3
64.87 93.3 93.8
70.57 96.4 98.0
60.46 90.9 924
68.01 954 96.5
67.23 95.8 96.4
69.58 97.0 96.9
59.44 84.0 87.3
71.18 924 97.0
61.77 84.0 91.2
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An analysis of this data allows us to conclude that
the load capacity of gondola wagons is almost fully uti-
lised when transporting coal and ore (underloading is
below 2%). The average static load for hopper wagons
when transporting chemicals and mineral fertilizers is
also close to the average load capacity, with underload-
ing of 2%. The static load of wagons is minimal when
transporting:

Coke: 53.97 tonnes;

Chemicals and soda ash: 60.46 tonnes;

Timber: 59.44 tonnes;

Paper: 61.77 tonnes;

Ferrous metals: 63.47 tonnes;

Oil and petroleum products: 63.6 tonnes.

For other goods, the static load is close to the carry-
ing capacity. Although more than 200,000 new innova-
tive freight wagons with an axle load of 25 tf have been
added to the network fleet over the last ten years, there
has been no significant growth in the average load
capacity (+2.6%) or the average static load across the
freight wagon fleet (+0.96%), while the capacity utilisa-
tion has become even lower (-1.5%). This suggests that
the cubic capacity is insufficient, preventing wagons
from being loaded to their full capacity.

ANALYSIS OF THE IMPACT OF “T” - LOADING
GAUGE WAGONS ON THE TRANSPORTATION
PROCESS AND CARRYING CAPACITY

In our opinion, for the static load of wagons to be
substantially increased, we should both increase their
load capacity by switching to an axle load of 25 tf, and
increase the transverse dimensions of wagons by us-
ing the “T” —loading gauge wagons and reducing their

VEHICLES AND ROLLING STOCK

length. This will lead to an increase in the net linear
load of trains, thus increasing their carrying capacity.
What is particularly important is that this approach to
increasing the carrying capacity will allow attracting
private capital and somewhat reducing the need for
government investment.

The task of preparing railways for the introduction
of “T” — loading gauge wagons was set by the USSR
Ministry of Railways in its Order No. 22/Ts “On Prepar-
ing Railways for the Introduction of Oversized Wagons
with Increased Axle and Linear Loads” as early as May
3, 1982. The Order provided for completing the re-
quired reconstruction of the network over a period of
20 years. Unfortunately, it remained unimplemented;
however the work to bring railways in line with the
“C” — obstruction clearance requirements is still un-
derway [11].

What effects can be achieved through the introduc-
tion of rolling stock with “T” — loading gauge wagons
under the current conditions?

In order to assess the effect on the transportation
process, the effects of the introduction of “T” —loading
gauge wagons for the government, carriers, and opera-
tor companies are considered below.

Fig. 3 shows comparison of rolling stock gauge
areas.

The use of the “T” — loading gauge wagons will
increase the cross-sectional area of the wagon by ap-
proximately one square metre or approximately 10%.
This will allow for building wagons with improved
technical and economic parameters and increasing the
carrying capacity of railways.

The main characteristics of the most common types
of prospective wagons with the “T” — loading gauge
wagons are shown in Fig. 4-6. The length of a gondola
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Fig. 3. Comparison of 1T, T ,and “T " — loading gauge wagons

Fig. 4. Potential “T” — loading gauge wagons gondola wagon:
Load capacity: 76 t; tare weight: 24 t; cubic capacity: 94 m?;
coupled length: 11,895 mm; maximum width: 3,540 mm;
linear load: gross: 8.4 t/m, net: 6.4 t/m

Fig. 5. Potential “T” — loading gauge wagons hopper wagon:
Load capacity: 79 t; tare weight: 21 t; cubic capacity:
111-120 m?3; coupled length: 13,050 mm; maximum width:
3,570 mm; linear load: gross: 7.66 t/m, net: 6.03 t/m

Fig. 6. Potential “T” — loading gauge wagons tank wagon for
light petroleum products: Load capacity: 75 t; tare weight: 25 t;
cubic capacity: 108 m?; coupled length: 12,020 mm; maximum

width: 3,580 mm; linear load: gross: 8.32 t/m, net: 6.23 t/m
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wagon will be reduced by the length of the standard
hatch, and its width will be increased by 322 mm. The
length of a hopper wagon will be reduced by 1,470 mm,
and its width will be increased by 320 mm. The length
of a tank wagon will remain unchanged to enable load-
ing and unloading at the existing loading and unload-
ing racks, and its width will be increased by 315 mm.
The cubic capacity of all three wagon types will in-
crease. The increases in the train weight due to the use
of these wagons are shown in Table 2.

INCREASING THE CARRYING CAPACITY
OF RAILWAYS: PROSPECTS OF INTRODUCTION
OF“T”"—LOADING GAUGE WAGONS

Increasing the weight of trains by 6% (for tank wag-
ons) to 17% (for gondola wagons) allows us to conclude
that there is a potential for increasing the carrying
capacity of railways and improving the efficiency of
transportation.

e [Itisreasonable to link the design and introduction
of “T” — loading gauge wagons with increasing
the load capacity of wagons for transportation of
oil and petroleum products, coke, paper, chemicals
and soda ash, timber, and metals at an axle load of
25 tf. The transition to the “T” —loading gauge wag-
ons will provide economic effects both for Russian
Railways JSC and other transport market players.

e Without increasing the load capacity, shorter
“T” — loading gauge wagons will enable Rus-
sian Railways JSC to increase the train weight to
7.600-8.300 tonnes, thereby increasing the carrying
capacity by 11-17 %, reducing the required wagon
fleet size, and reducing costs on traction and infra-
structure maintenance. Both Russian Railways and
the country as a whole will benefit from the imple-
mentation of this project. Owners, consignors, and
manufacturers of wagons will not get any effect.
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wn Comparison
Parameter L d'_ with model
°:u":eg 12-196-02 UVZ,
vea gns loading
9 gauge 1-T
Wagon tare weight, t 24.0 245 0.5
Load capacity, t 76.0 75.0
Axle load, t/axle 25.0 25.0
Cubic capacity, m? 94.0 94.0
Net linear load, t/m 6.4 5.39
Gross linear load, t/m 8.4 7.18
Distance between bogie 6,940 8,650
centres, mm
Coupled length, mm 11,895 13,920
Maximum outer width, mm 3,510 over 3,198 over
posts posts
Interior dimensions, mm Length 11,000 Length 13,030
Width 3,296 Width 2,958
Height 2,590 Height 2,436
ATR (above top of rail) 3,980 3,866
height, mm
Weight of a 71-conventional 8,300 7,100

wagon train (994 m)

* — when transporting petrol.

2025
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Given the expected effect from the use of “T” —load-

ing gauge wagons, in 2024, RM Rail had negotiations
with major operator companies to identify possible
routes for operating “T” — loading gauge wagons freight
wagons taking into account the existing limitations for
loading and unloading on non-public tracks. As a result,
the following prospective routes were identified:
e For gondola wagons:

Erunakovo, West Siberian Railway — Luzhskaya, Oc-
tober Railway;

Kostomuksha, October Railway — Koshta, Northern
Railway;

Erunakovo, West Siberian Railway — Nakhodka
Vostochnaya, Far Eastern Railway;
e For tank wagons:

Limbey, Sverdlovsk Railway — Luzhskaya, October
Railway;

Stenshino, Moscow Railway — Luzhskaya, October
Railway;

Afinskaya, North Caucasus Railway — Novorossiysk,
North Caucasus Railway.

In response to an enquiry as to whether “T” — load-
ing gauge wagons can be operated on these routes, the
Directorate for Infrastructure Diagnostics and Monitor-

VEHICLES AND ROLLING STOCK

Table 2
Train weight increases due to reduced wagon length when using “T” — loading gauge wagons under GOST 9238-2022

General-purpose gondola wagon Oil tank wagon Grain hopper wagon

wpr Comparison w _ Comparison
: with model o with model
toading | 15.9993 0vK, | 19299 | 19.1799 RM
vea 3ns loading vsa gns Rail, loading
9 gauge 1-T 9 gauge 1-T
25.0 25.5-26.7 21.0 21.0
75.0" 68.6" 79.0 79.0
25.0 25.0 25.0 25.0
98.0 88.0 111.0...120.0 111.0
6.23 5.62 6.05 5.44
8.32 7.87 7.66 6.88
7,300 7,800 9,240 10,300
12,020 12,020 13,050 14,520
3,580 3,265 3,570 3,250
3,560 3,240 - -
5,157 4,797 4,840 4,910
8,200 7,085 7,600 6,800

ing stated that the proposed routes have 427 barrier
sites on the October, Moscow, Northern, Gorky, East
Siberian, and Far Eastern Railways, where they can
only run on adjacent tracks subject to speed restrictions.

Because of 227 barrier sites within the limits of the
North Caucasus, South Ural, Sverdlovsk, Krasnoyarsk
and Transbaikal Railways, it will not be possible to
operate “T” — loading gauge wagons wagons on these
lines until 2036.

It is currently possible to launch the operation of
“T” —loading gauge wagons on the lines Kostomuksha,
October Railway-Koshta, Northern Railway and Sten-
shino, Moscow Railway-Luzhskaya, October Railway
for gondola wagons and tank wagons, respectively.

The second problem is related to an increased lin-
ear load of the proposed “T” — loading gauge wagons.

According to the Guidelines for Handling of Rolling
Stock on Railway Bridges of Russian Railways JSC, the
permissible linear load for Category IV bridges is 8.2 tf
per m of track with an axle load of up to 27 tf.

The permissible linear load for Category V bridges
is even smaller and is determined by calculation.

This is the second problem to be addressed. A num-
ber of professionals [12, 13] believe that under certain
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conditions the permissible linear load could be in-
creased to 9 tf/m.

According to the Directorate for Infrastructure Di-
agnostics and Monitoring, RUB 56 billion in investment
is required to address the barriers on the routes suit-
able for the operation of “T” — loading gauge wagons.
The amount may seem to be huge, but it accounts for
just 7% of the costs spent by Russian Railways to mod-
ernise its infrastructure over the last two years.

CONCLUSION

To summarize the above discussion on the pros-
pects of creation and problems of introduction of
“T” — loading gauge wagons, we can conclude that the
following benefits will follow from the introduction of
wagons with an increased capacity and higher load ca-
pacity:

e Railways will benefit from reduced traction costs,
required operating fleet, and reduced en-route
maintenance costs;

e Wagon owners will receive new, more efficient
wagons and benefit from reduced repair costs;
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e Operators will benefit from reduced costs of opera-
tion and light running;

e Consignors will benefit from reduced shipping
costs;

e Wagon manufacturers will benefit from a consist-
ent demand for the renewal of the existing fleet;

e The government will be able to reduce investment
in increasing railway capacity.

Unfortunately, the updated Strategy for Scientific
and Technical Development of Russian Railways Hold-
ing Company until 2025 and in the Future up to 2030
(White Paper)? does not mention overcoming barriers
to the introduction of the “T” — loading gauge wagons
or increasing the permissible linear load on artificial
structures among the objectives for the development of
facilities and technologies for heavy-haul traffic man-
agement. Given the efficiency of “T” — loading gauge
wagons, we suggest recommending administrations of
1,520 mm gauge railways to pay particular attention,
when expanding operating domains for heavy-haul
trains, to the fact that these lines need to be brought
in line with the “C” — obstruction clearance structure
requirements and the permissible linear load should
be increased to at least 8.4 t/m.
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ABSTRAC The article provides an overview and analysis of the designs of instrumented wheelsets used to measure

lateral, longitudinal and vertical forces at the point of contact between the wheel and the rail. The use of
instrumented wheelsets is an important tool for conducting research and certification tests on rolling stock. The relevance of
this tool increases with higher axle loads and higher speeds. In addition, the instrumented wheelsets currently in use allow for
the implementation of various (piecewise continuous or continuous) methods for recording vertical and lateral interactive forces
in the wheel-rail system in a single turn of a wheel. Point methods of measuring the impact of rolling stock on the railway track
by deformation in the rail allow for measuring the force between the wheel and the rail only at the moment when the wheel is
above the measuring section of a railway track. The main disadvantage of using existing instrumented wheelsets for estimating
the condition of a railway track is that measurements depend on the speed of movement and the discreteness of the measuring
equipment. When using an instrumented wheelset for assessing the condition of a railway track, the probability of detecting a
section of the track that presents a risk of derailment is not high enough and needs to be increased.

Methods: A retrospective analysis of the use of instrumented wheelsets was conducted; the main stages of the evolution
of instrumented wheelsets were identified. The features of the designs of modern Russian and foreign instrumented wheelsets
and methods for recording measurements of vertical and lateral forces acting between the wheel and the rail were considered.

Findings: Conclusions were made about the main directions of development and requirements for instrumented wheelsets.
A description was provided for the design and characteristics of the instrumented wheelset with continuous measurement
recording developed by scholars of PGUPS and NVC Vagony JSC, which features the lowest measurement pitch among the cur-
rently known Russian systems and is provided with special software used to detect sections of the railway track that present
the risk of derailment.

KEYWO RDS. stress-strain state of the wheel plate; wheel-rail system; instrumented wheelset; diagnostics of railway
.+ track; continuous measurement recording; monitoring of technical condition
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AH HOTA M BbinonHeH 0630p M aHanM3 KOHCTPYKLMM TEH30OMETPUUYECKMX KONIECHBIX Nap, TPUMEHSIEMbIX LS U3Mepe-
HMS MOMEepPeYHbIX, NPOAObHBIX U BEPTUKA/bHbIX CU/ B TOUKE KOHTAKTa Koneca U penbca. McnonbaoBaHue

TEH30METPUYECKMNX KOJNTECHbIX Nap — BaXKHbIM MHCTPYMEHT 014 NpOoBeAEHUA MCCNenoBaHW M UCMbITAHMMA NOABUXKHOIO COCTaBa.
AKTyaﬂbHOCTb €ro npuMeHeHna BO3pacTtaeT Npu NOBbILLEHNN OCEBbIX HArpy3oK U yBeIMYEHUU CKOpOCTeﬁ OBUWXEHUA. KpOMe TOro,
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NPUMEHSIEMbIE B HACTOSAILLEE BPEMS TEH3OMETPUYECKME KOJIECHBIE NApPbl MO3BONSIOT Peasn30BbIBATh Pa3/IMYHbIe METOAbI peru-
CTpaLMK (KyCOYHO-HemnpepbiBHblE, HEMpepbIBHbIE) BEPTUKANIbHbIX 1 HOKOBbIX CUN1 B3aUMOAENCTBUS B CUCTEME «KONECO — PenbCy»
3a oamH 060poT Koneca. ToueyHble METOAbl U3MEePEHUS BO3AENCTBUS NMOABMXKHOIO COCTaBa Ha XXeNe3HOLOPOXHbIM MyTb Nno aedop-
MaLysM, BO3HUKAOLWMM B penbCe, MO3BONSIOT U3MEPUTb CUY MEXY KOeCOM U penibCOM TONIbKO B MOMEHT pacrnofioXeHus Koneca
Haf U3MepUTENIbHbIM CeYeHUEM, PACNONOXEHHbIM Ha YYaCTKe Xene3HOA0POXHOro nyTu. OCHOBHbIM HELOCTAaTKOM MPUMEHeHUs
CYLLLECTBYHOLLMX TEH3OMETPUYECKMUX KOMECHbBIX Map AN AUArHOCTUKU COCTOSIHUS XKeNe3HOLOPOXHOro NyTu ABASETCS OrpaHuyeHue
B LLUAre perncrpawmm CMN0BOro BO3AencTBUS. s AMarHOCTUKM COCTOSIHMS XKeNe3HOL0POXHOro NyTu C UCMNONb30BaHWEM TEH30Me-
TPUYECKOM KONECHOM Napbl BEPOSTHOCTb 0OHAPYXKEeHWs CXOA,00MACHON0 y4acTKa MNyTM HeA0CTaTOYHO BbICOKA M BO3HMKAET 3a4aya
ee yBeNnyeHus.

BbINoNHEH peTpOCneKTUBHbIN aHaNU3 UCTOPUM NPUMEHEHWNS TEH30METPUYECKMX KONTECHbIX Nap, OnpeaeneHbl OCHOBHbIE 3Tarbl
3BOJIOLMM KOHCTPYKLMI. PaccMOTpeHbl 0COBEHHOCTU KOHCTPYKLMIA COBPEMEHHBIX OTEYECTBEHHbIX U 3apybexHbIX TEeH30MeTpuye-
CKMX KONECHbIX Nap U MeToAbl PerncTpaLmn U3MepeHuii BepTUKabHbIX M BOKOBbIX CU, AENCTBYIOLLMX MEXAY KONECOM U PENbCOM.

CaenaH BbiBoA 06 OCHOBHbIX HAMpPAaBAEHMSIX PAa3BUTUS U TPEOOBaHMUAX K TEH3OMETPUYECKUM KONECHBIM NapaM. OnucaHa KoH-
CTPYKLMS M XapaKTEPUCTUKM TEH3OMETPUUECKOM KONECHOW Mapbl C HEMPepbIBHOW peructpauunein usMepeHuii, paspaboTaHHOM
yyeHbiMu MIYMNC n cotpyaHmnkamm AO «HBLL “BaroHbl”», obnagatoleit MMHMManbHbIM pacCTOSHUEM Lara perucTpauum CMnoBoro
BO3JEMCTBUA 13 U3BECTHbIX B HACTOSILLEE BPEMS OTEYECTBEHHbIX KOHCTPYKLMI, @ TaKKe CneluanbHbiM NporpaMMHbIM obecneye-

HUEM, NpUMEHAEMbIM ONA 06Hapy)KeHl/Iﬂ CX0A400MacCHbIX y4aCTKOB XXeNe3HO40POXHOro nyTu.

Kn |_OL| EBblE C”O BA. Hanps»keHHo-AedOpMMPOBaHHOE COCTOSHME AMCKA KONEeCa; CUCTEMA «KOJIECO-PeNibC»; TEeH-
+ 30MeTpUuYecKas KonecHas napa; AMarHoCTMKa COCTOSIHUS XeNe3HOLOPOXHOro NyTu; Henpe-

PbIBHAs PETUCTPALLUS U3MEPEHMIA; MOHUTOPUHT TEXHUYECKOTO COCTOSHMS

[na untupoeauus: Muepos A.A., Thbemobsikos A.B., 3umakosa M.B.0630p 1 aHanu3 KOHCTPYKLMI TEH30METPUYECKMUX KONEeCHbIX nap //
TpaHcnopt BPUKC. 2025. T. 4. Boin. 4. Cr. 5. https://doi.org/10.46684/2025.4.5. EDN: DDRZSN.

INTRODUCTION

When designing and launching production of new
rolling stock models, it is necessary to determine the
forces acting at the contact point between the wheel
and the rail. It is not difficult to calculate static loads at
the contact point. But it is much more difficult to deter-
mine the forces arising from the dynamic interaction
between the rolling stock and the rail. Measuring these
interactive forces is crucial in safety certification and
testing of new and upgraded high-speed rolling stock
in Europe and many other countries. The European
standard for testing is EN14363; the standard in use in
the United States is 49 CFR 213. Russia has two funda-
mental methods for determining force action: by using
strain gauge circuits located on the rails or an instru-
mented wheelset with strain gauges.

An instrumented wheelset IWS) is a railway wheel-
set equipped with primary transducers and a data
transmission system that uses a measuring and com-
puting system to measure forces at the wheel-rail in-
terface during movement.

BRIEF HISTORY OF IWS USE
AND DEVELOPMENT

In 1946, in the USSR, Mikhail F. Verigo proposed to

perform continuous recording of forces exerted by the
wheel on the rail by measuring vertical and horizontal
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components of the wheel-rail interaction forces using
the stress state of the wheel plate [1].

The method of measuring forces using instrument-
ed wheelsets became widely known after it was de-
scribed in papers by Olson and Johnsson (1959, 1960)
[2, 3]. Olson and Johnsson found that radial deforma-
tions of the wheel plate were very sensitive to lateral
forces and almost insensitive to vertical forces. This al-
lowed them to develop a method of continuous record-
ing of lateral (horizontal, transverse) forces between
the wheel and the rail by measuring radial deforma-
tions of the wheel plate and design instruments for sta-
tistical recording of the average force values.

In 1962, the Electro Motive Division (EMD) of Gen-
eral Motors (GM) created an instrumented wheelset on
alocomotive with the measuring equipment that meas-
ured lateral force proportional to the average deforma-
tion of the wheel plate [4]. Vertical wheel load data was
obtained using sensors installed through holes drilled
in the wheel plate. The arrangement enabled obtaining
a peak signal proportional to the vertical wheel load
per revolution. The wheelset was recalibrated in 1968
and was in use until 1972.

In Japan and the United Kingdom, methods for
measurement of forces using a arm wheel-based IWS
have been developed and refined since 1952 [5]. The
greatest contribution to the development of arm wheel-
based IWS was made by the British Railways in the
1970s and 1980s [6]. In these instrumented wheelsets,
strain gauge sensors are positioned on certain sections
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Fig. 1. Arm wheel-based IWS [6]

of the spokes (Fig. 1) and connected into bridge cir-
cuits. The advantage of this method of measurement is
that it provides better sensitivity to vertical force due
to higher vertical elasticity. Its main drawback is that
machining of spokes is very complicated and expensive
and requires high precision. Currently, this method is
occasionally used in the United Kingdom and Switzer-
land [7].

Depending on the position of sensors, there are two
types of instrumented wheelset designs: with sensors
placed on the axle or on the plate. Instrumented wheel-
sets with sensors on the axle appeared in the early
1970s. They are based on measuring bending and tor-
sional moments in particular cross-sections of the axle.
By measuring bending moments in cross-sections it is
possible to estimate approximate vertical and trans-
verse forces on the wheels, with neglect of wheelset
mass forces. By also measuring two torsional moments,
it is possible to calculate the approximate longitudinal
forces. Thus, six forces — two longitudinal, two trans-
verse, and two vertical forces — can be determined
from the six moments measured. Fig. 2 shows a dia-
gram of an instrumented wheelset for measuring bend-
ing and torsional moments. Bending moments and tor-
ques are measured using strain gauge bridges. Signals
are transmitted to the axle via slip rings installed in
one of the stub axles of the axle or by radio.

At first sight, the principle of measuring moments
and torques of the axle seems quite simple, effective,
and precise. Another advantage is that the wheels on
the measuring axle can be replaced.

However, the method has two main drawbacks [8].
e Forces can be applied to the wheel in different posi-

tions. Since the position of the contact point may
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change, the position of the vertical force application
point will change, too. A change in the position will
change the moments measured on the axle, thereby
introducing errors that cannot be compensated for,
as the actual position where the force is applied is
unknown.

e Axle moments depend on the unsprung mass of
the axle and other unsprung parts of the wheelset.
Thus, it is impossible to fully assess the impact of
the unsprung mass on vertical forces.

These drawbacks hamper the use of IWS with sen-
sors on the axle.

In 1973, EMD developed a new instrumented wheel-
set that used sensors in other positions to minimize the
effects of lateral orientation of the wheel/rail on the lat-
eral output, and some new wiring schemes. The strain
gauge bridge was configured to make its output sensi-
tive to symmetric bending [10].

In 1973, FRA made a contract with the Associa-
tion of American Railroads (AAR) to use four CK-36
cast steel wheels of the 100-tonne Barber S-2 bogie for
measuring lateral and vertical forces [11]. The wheel-
sets continuously measured lateral forces, but vertical
load measurements were limited by the spatial resolu-
tion of one-quarter of the wheel circumference.

The Canadian National Research Centre developed
an instrumented wheelset using standard disc plate
wheels, however they used cast, rather than forged,
wheels. This was done to achieve a uniform 1/16 inch
thickness of the wheel, which is greater than that of
forged wheels [12].

Both General Electric on its U30C locomotive [13]
and EMD on its SPD-40 used instrumented wheelsets
with radially oriented strain gauges in separate bridge
circuits that only received a signal within a narrow arc
of maximum sensitivity. On these locomotives, only
one IWS was used, usually placed as the drive axle of
either the leading or trailing bogie of the locomotive.

In 1976, Amtrak tested the Rc4A locomotive built
by ASEA using two instrumented wheelsets on a single
bogie to read signals of vertical and lateral wheel-rail
contact forces, as well as lateral wheel-bogie contact
forces.

fld I I o
G I I —— =
I Q | | Q I
—)(113_.\/1 )/1<_.,§(T

Fig. 2. IWS with sensors located on the axle [9].
A, B, C, D, E, F are cross-sections at which measuring sensors
are installed
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FRA concluded a contract with ENSCO Inc. to build
an instrumented wheelset on a locomotive where
each wheel had two vertical and two lateral measur-
ing bridges. Vertical bridges consisted of strain gauges
installed on both upper and lower parts of the holes
drilled through the wheel plate, similar to EMD wheel-
sets [14]. The wheelset was used for testing Amtrak’s
SPD-40F train in 1977 [15].

In 1977, Amtrak and FRA purchased three instru-
mented wheelsets in Sweden. ASEA AB, Sweden, col-
laborated with the Swedish State Railways to build
instrumented wheelsets. Continuous measurement of
vertical force was achieved by combining two trian-
gular waveforms [16]. These wheelsets were used by
FRA for tests at the Transportation Test Center (EEC) in
Pueblo, Colorado, in November-December 1978.

Paper [17] reported on experimental studies where
the sensitivity of measurement of vertical force was in-
creased by providing small “dummy spokes” by drilling
the wheel plate close to the rim, where strains are low.

OVERVIEW OF CURRENT FOREIGN IWS
DESIGNS

TUV SUD has developed the fifth-generation instru-
mented wheelset, IWT5 (Fig. 3), featuring numerous
advantages over IWT4. They used a standard wheelset
without any modification. This means that no special
test wheels need to be manufactured, simplifying logis-
tics, reducing the time required to produce IWS, miti-
gating risks, and reducing costs of testing. IWT5 allows
for measuring all (vertical, transverse, and longitudi-
nal) forces simultaneously in all three directions. Ver-
tical and transverse forces are important for assessing
dynamic characteristics of rolling stock and the track
condition, while longitudinal forces are essential for
assessing the wear of the contact area.

What distinguishes IWT5 from other solutions is its
unique telemetry system. The fifth-generation telem-
etry system has increased performance and robust-
ness while also using a “plug and play” architecture
that allows for fast replacement of elements. The main
benefit of using the telemetry system is that there is no
need for slip-ring devices, improving the reliability and
simplifying the installation of the system as IWTS5 is us-
ing an inductive telemetry system designed specifically
for railway transport. This helps avoiding electromag-
netic interference problems that are normally typical
of radio-based telemetric systems. IWT5 does not need
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Fig. 4. Instrumented wheelset from CETEST, Spain?

additional batteries, as an advanced inductive power
transfer system ensures IWT5 is powered whenever
the vehicle is turned on. Technical specifications of
IWTS are listed in Table 1.

Test center, CETEST, Spain, presented a proprietary
IWS system (Fig. 4). It allows for measuring vertical,
transverse, and longitudinal forces in real time with
the measurement uncertainty of 4%. The sampling rate

! Instrumented wheelset technology IWT 5. [Electronic media]. — URL: https://www.tuvsud.com/en/-/media/global/pdf-files/
brochures-and-infosheets/rail/220830_tuv_sud_iwt5_infosheet_final.pdf (zaTa o6parenus: 11.03.2025).
2Railway technology. Instrumented Wheelset. URL: https://www.railway-technology.com/products/instrumented-wheelset/
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Fig. 5. Instrumented wheelsets from ENSCO, USA, on a bogie®

is up to 1 kHz. The IWS can identify the wheel-rail con-
tact point position and provides compensation for er-
rors (signal drift, thermal effects, rotation effects, and
interferences). Communication is provided by optical
telemetry systems without batteries.

ENSCO, USA, has been manufacturing and using its
own proprietary IWS since 1975 (Fig. 5). ENSCO’s IWS
systems are designed to measure vertical, transverse,
and longitudinal forces at the wheel-rail contact point
in real time, along with the contact location.

OVERVIEW AND ANALYSIS OF RUSSIAN
INSTRUMENTED WHEELSET DESIGNS

Several IWS systems have been designed in Russia
to date. These allow for up to eight measurements per
wheel revolution and record only two components of
the force interaction between the wheel and the rail:
vertical and lateral forces, as distinguished from their
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foreign counterparts providing the possibility of re-
cording longitudinal forces and determining the co-
ordinates of the contact area in the wheel-rail system,
which improves the accuracy of measurement [18].

Paper [19] notes that IWS systems developed in Rus-
sia differ by the location of the measurement circuits
(the outer or inner side of the wheelset plates) and the
number of strain gauges used for arranging measure-
ment circuits with different angular intervals. Depend-
ing on the arrangement, IWS can produce a continu-
ous function of interaction forces with the measuring
resolution of 0.18 m to 0.75 m. The smaller the reso-
lution, the more strain gauges and measuring circuits
are required, which makes the device too complicated
and detrimentally affects its reliability, manufacturing
complexity, maintenance, and repair.

An IWS developed by VNIKTI JSC (Fig. 6) [20] is pro-
vided with LY11-10/350 strain gauges manufactured by
HBM, Germany, with a measuring grid length of 10 mm
and nominal resistance of 350 Ohm. To measure verti-
cal and lateral forces, the strain gauges are glued to
the inner sides of the wheel plates and connected to a
half-bridge circuit. Two groups of circuits are used to
determine vertical and lateral forces in a single line;
each line is positioned at 90° to the other, thus enabling
point measurements of vertical and lateral forces [21].

PGUPS and NVC Vagony JSC developed an instru-
mented wheelset with strain gauges positioned on two
concentric diameters of the inner side of the wheel
plate at a pitch of 22.5° along the circular arc (a total of
64 half-bridge circuits of strain gauges). The IWS ena-

Table 1

Technical specifications of IWT5

Vertical and transverse force measurement uncertainty Less than 3% at 20 Hz

Frequency of longitudinal force measurement

Contact point position measurement accuracy

Over 10 Hz

Typically £ 2 mm. Accuracy is degraded in two-point contact

conditions

Capabilities for handling two-point contact forces

Equivalent global values for the contact forces. Individual contact

forces for individual points of contact are not measured

Operating temperature
Permissible test speed

QOutput interfaces

-25°Cto +50 °C
4,500 km/h
Analogue connections BNC or D-Sub, EtherCAT, CAN, TCP/IP, digital

interfaces for imc Cronos and HBK Quantum X. Other interfaces
are available on customer demand

Compatibility

P32 Telemetry System, PROSE IWT

3ENSCO. Official web-site. URL: https://www.ensco.com/rail/instrumented-wheel-sets-iws
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Fig. 7. Instrumented wheelset of PGUPS and NVC Vagony JSC

bles the implementation of the piecewise continuous
method for recording of vertical and lateral forces in
the wheel-rail system with a minimum pitch of 190 mm
per wheel revolution (Fig. 7) [22].

Patent No. 2682567 for “Data collection device and
method for assessing the results of wheel-rail interac-
tion” [23] was obtained in 2017, and a prototype instru-
mented wheelset was produced in 2018. The developed
IWS was tested on the high-speed test site of the Rail-
way Research Institute (VNIIZhT) on the Belorechens-
kaya-Maikop railway section during the dynamic per-
formance tests and the track impact tests of 12-9548-01
heavy-haul open wagons on 18-6863 bogies with an
axle load of 27 tonnes on the Smychka-Kachkanar rail-
way section.

This pitch of force recording is sufficient when it
comes to testing rolling stock for analysing the forces
arising during traveling at different speeds on repre-
sentative sections of a railway track. However, there
is a technical solution for the creation of a digital soft-
ware and hardware platform for monitoring the tech-
nical condition of a railway track using IWS [24]. When
using these IWS systems to assess the condition of a
railway track, the probability of detecting a section of
track that presents the risk of derailment is not suffi-
ciently high and needs to be increased.

To address this problem, scholars of Emperor Alex-
ander I St. Petersburg State Transport University and
NVC Vagony JSC developed an instrumented wheelset
with the lowest pitch among the currently available
Russian IWS designs. It enables continuous recording
of forces [25]. When the distances between the meas-
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uring sections at which strain gauges are located are
reduced, the accuracy of measurement increases, and
this can significantly increase the probability of de-
tecting a section of track with the risk of derailment.
Dynamic processes in the wheel-rail system can be
recorded at a predetermined distance per wheel revo-
lution. Therefore, the use of the IWS with continuous
recording of dynamic processes makes it possible to
detect dangerous defects in railway track.

Special-purpose C#software was developed for
monitoring the technical condition of a railway track
by the IWS with continuous recording. It uses GPS
navigation to determine precise geo-coordinates of the
identified track sections with the risk of derailment,
generates and stores large amounts of recorded data,
including geo-coordinates, and relies on modern big-
data and cloud-computing capabilities for real-time
computer-aided data processing, enabling identifica-
tion of track sections with the risk of derailment.

CONCLUSION

The above overview and analysis have shown that
instrumented wheelsets allow for measurements in a
broad range of operating conditions, but have certain
drawbacks, such as the complexity and high cost, the
need for preliminary calibration of wheelsets, and im-
possibility to account for changes in the geometry of
the wheel tread during operation.

The main challenge in measuring the wheel-rail
contact forces is that wheel deformations are caused
not only by the lateral, longitudinal and vertical forc-
es being measured, but are also influenced by vari-
ous other parameters. Apart from the forces, wheel
deformations during movement are also caused by
the varying position of the contact point, wear of the
wheel profile, the angular velocity of the wheel, and
changes in temperature. Taking into account the in-
fluence of all these parameters is a major prerequisite
for developing a method for measuring the wheel-rail
contact forces and achieving a high accuracy of meas-
urement.

Over the more than 65-year-long period of IWS sys-
tems existence we can identify several key periods of
their development. It can be stated that the evolution
of IWS follows a few main lines:

e Increasing structural capabilities. For example,
modern IWS can not only measure all vertical,
transverse, and longitudinal forces simultaneously
in all three directions, but also determine the posi-
tion of the wheel-rail contact point;

e Increasing the signal transmission speed by intro-
ducing optical telemetry systems;

e Improving the accuracy of measurement through
the use of improved signal processing algorithms;
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e Increasing self-sufficiency of IWS without the use of
batteries by special power transfer systems, etc.
The instrumented wheelset for continuous meas-

urement with the specialized software developed by
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PGUPS and NVC Vagony JSC can be used for assessing
the condition of railway tracks and can significantly in-
crease the probability of detecting track sections that
present the risk of derailment.
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INTRODUCTION

In the post-WWII period, as the Soviet Union was
recovering from the ruins, building new railways and
reconstructing old ones, the country’s higher education
institutions for transport faced the challenge of train-
ing engineers who would not only master the art of
building and operating railways, but also know how to
do it in a safe way.

In January 1949, the Fire Safety Equipment associ-
ate professorship! was reorganized into the Safety Engi-
neering and Fire Safety Equipment associate professor-
ship? In June of that year, Order No. 63/R for the Len-
ingrad Order of Lenin Institute of Railway Engineers?
issued in pursuance with Order No. 479 of the Ministry
of Higher Education of the USSR dated April 26, 1949 re-
organized the Safety Engineering and Fire Safety Equip-
ment associate professorship into a similarly named
department. Associate Professor Alexey E. Lemmergidt
was appointed the head of the Department. Within a
short period of time, by the start of classes in Septem-
ber 1949, the Department was staffed with full-time fac-
ulty members. During the 1949/50 academic year, the
department was equipped with laboratory stands for
the main sections of the course. The Safety Engineering

and Fire Safety Equipment course was delivered in ac-
cordance with programmes approved by the Ministry
of Higher Education and compulsoripy completed with
an examination. The same order mandated that the De-
partment should be involved in the graduation project
process and work of state examination committees and
that a graduation project not endorsed by a consultant
in Safety Engineering and Fire Safety Equipment would
not be eligible for defence.

EARLY DAYS OF THE SAFETY ENGINEERING
DEPARTMENT

In the early 1950, Pyotr N. Bolkhovitinov, Candidate
of Technical Sciences and Associate Professor, became
the head of the Department. The name of the Depart-
ment was changed to Safety Engineering* 5.

In 1953-1966, the Department was headed by Lidi-
ya A. Khokhlova (Neustroyeva), Candidate of Technical
Sciences and Associate Professor (Fig. 1).

Major organizational and methodological work was
carried out under her leadership®”® to put together lec-
ture courses, improve training aids and facilities, recruit
and train skilled teaching and research personnel. In

1 An associate professorship was a transitional entity between instructors in Safety Engineering and Fire Safety Equipment
scattered across different departments and a single entity, a department.

20rder No. 11/k dated January 29, 1949 for the Leningrad Order of Lenin Institute of Railway Engineers.

30rder No. 63/k dated July 04, 1949 for the Leningrad Order of Lenin Institute of Railway Engineers.

40rder No. 5/al dated January 03, 1950 “On teaching” for the Leningrad Order of Lenin Institute of Railway Engineers.

50rder No. 408/al dated December 20, 1952 “On teaching” for the Leningrad Order of Lenin Institute of Railway Engineers.
50rder of the Leningrad Order of Lenin Institute of Railway Engineers named after Academician V.N. Obraztsov No. 10/al dated

January 15, 1953 “On teaching”.

7Order of the Leningrad Order of Lenin Institute of Railway Engineers named after Academician V.N. Obraztsov No. 379/al dated

December 22, 1955 “On teaching”.

80rder of the Leningrad Order of Lenin Institute of Railway Engineers named after Academician V.N. Obraztsov No. 359/al dated

February 23, 1956 “On teaching”.
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Evgeny V. Bobin

Fig. 1. Department heads in 1953-1977

1960, a fundamental research laboratory for industrial
noise control in railway transport was established®. The
main focus of the laboratory was research to identify
equipment and technological processes with noise levels
exceeding sanitary standards and providing assistance
to transport enterprises in developing new low-noise de-
signs for machinery and mechanisms. Engineer Evgeny
V. Bobin was appointed the head of the laboratory.

In 1964, the Department established a research
laboratory for transport aesthetics headed by engineer
E.S. Kadukov in accordance with the plan for compre-
hensive scientific experimental research in engineer-
ing aesthetics for the improvement of working condi-
tions and productivity which was developed in coop-
eration with October Railways?*.

Order No. 175/k dated December 03, 1965 changed
the Department’s name to Occupational Health and
Safety and the course Fundamentals of Safety and Fire
Safety was renamed Occupational Health and Safety?'!.

In 1966-1976, the Department was headed by Geor-
gy E. Skorodumov, Candidate of Technical Sciences!? 3.

Under his leadership, the educational laboratories
were modernized, a specialized educational laborato-
ry for occupational health and safety was established,
and the Department’s scientific base was substantially
enhanced. In 1967, a monograph Noise and Vibration
Control in Railway Transport by Evgeny V. Bobin was
published [1]. The same year, the first textbook for uni-
versity students, Occupational Health and Safety in Rail-
way Transport, was published with the contribution of
Department members, first of all Associate Professor
VV. Granqvist [2].

In 1976-1977, the Department was headed by Can-
didate of Technical Sciences Evgeny V. Bobin'3 14,

DEVELOPMENT OF THE OCCUPATIONAL
HEALTH, SAFETY AND ENVIRONMENTAL
PROTECTION DEPARTMENT

In 1977-1992, the Department rapidly developed
under the guidance of Nikolai N. Maslov, Doctor of

°Order of the Leningrad Order of Lenin Institute of Railway Engineers named after Academician V.N. Obraztsov No. 174/k dated

November 23, 1960.

1°Order of the Leningrad Order of Lenin Institute of Railway Engineers named after Academician V.N. Obraztsov No. 212/k dated

December 30, 1964.

1 Order of the Leningrad Order of Lenin Institute of Railway Engineers named after Academician V.N. Obraztsov No. 175/k dated

December 03, 1965.

12Q0rder of the Leningrad Order of Lenin Institute of Railway Engineers named after Academician V.N. Obraztsov No. 267/al

dated June 16, 1966.

13 Order of the Leningrad Order of Lenin Institute of Railway Engineers named after Academician V.N. Obraztsov No. 131/al

dated March 22, 1976.

14 Order of the Leningrad Order of Lenin Institute of Railway Engineers named after Academician V.N. Obraztsov No. 466/al

dated October 17, 1977.
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Fig. 2. Nikolai N. Maslov

Technical Sciences, Professor, and Honoured Inventor
of the USSR* %5 (Fig. 2).

Under his leadership, the Department expanded
the scope of its research interests. The list of research
areas of the Department included environmental pro-

Tamila S. Titova, Yuriy N. Kanonin, Andrey V. Lyshchik, Oleg I. Tikhomirov

History of the development of the Department of Technosphere and Environmental Safety
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tection, resulting in changing its name to Occupational
Health, Safety and Environmental Protection.

During this period, the Department’s educational
laboratory was provided with new technical teaching
aids, rooms for business simulation games on occu-
pational health, safety and environmental protection
were set up, and publishing activities picked up mo-
mentum. The Department maintained contacts with
150 organizations across the country, such as higher
education institutions, research and design institutes,
design bureaus, and factories. The Department’s teach-
ers and researchers (Fig. 3) collaborated with all rail-
way universities in the Soviet Union. As part of their
R&D activities, they worked with enterprises from
Murmansk to Vladivostok, and almost with all of the
Soviet Union Republics, in particular, the Baltic Repub-
lics and Ukraine. For example, they worked with the
Darnytsky Wagon Factory, the Ukrainian Soviet Social-
ist Republic, on issues related to industrial aesthetics
and workplace ergonomics, analyzing and evaluating
working conditions, and developing measures to im-
prove them. A machine for cleaning diesel locomotive
units and parts during major repairs developed by the
Department was introduced at the Daugavpils Locomo-
tive Repair Plant in the Latvian Soviet Socialist Repub-
lic. The tunnel dust control processes designed by the

Fig. 3. Team of the Occupational Health, Safety and Environmental Protection Department in the 1970s

150rder of the Leningrad Order of Lenin Institute of Railway Engineers named after Academician V.N. Obraztsov No. 88/al dated

February 22, 1978.
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Fig. 4. President of Russian Railways OJSC Vladimir Yakunin
hands out an industry award to Gennady K. Zaltsman (right)

Department were introduced in metro systems of the
Soviet Union.

A monograph by the head of the Department’s In-
dustry Research Laboratory, Candidate of Technical Sci-
ences N.I. Ivanov Noise Control on Track and Construc-
tion Machinery was published in 1979 [3]. A monograph
by Candidate of Technical Sciences N.A. Bobrovnikov
Environmental Protection from Dust in Transport was
published in 1984 [4]. A book by Professor Nikolai N.
Maslov and Professor Viktor A. Elsukov Occupational
Health and Safety in Metro Systems was published in
1985 [5]. The first textbook for students of railway uni-
versities, Environmental Protection in Railway Trans-
port, written by Professor Nikolai N. Maslov in collabo-
ration with Yu.I. Korobov came out [6].

In 1993-2006, the Department was headed by Pro-
fessor Gennady K. Zaltsman'¢ (Fig. 4).

In 1995, a unified research laboratory was estab-
lished under his leadership, bringing together all oc-
cupational health and safety research efforts of the De-
partment. A number of research works were commis-
sioned directly by Russia’s Ministry of Railways. 1996
saw the establishment of an expert information centre
for collective and personal protective equipment for
railway workers. Since 2002, the Department has been
training students in Safety of Technological Processes
and Operations.

In January 2004, as the Department launched a new
specialty and the University established the Engineer-
ing Ecology Department, the Department’s name was
changed from Occupational Health, Safety and Envi-
ronmental Protection to Occupational Health and In-
dustrial Safety"".

Tamila S. Titova, Yuriy N. Kanonin, Andrey V. Lyshchik, Oleg I. Tikhomirov
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ANEW STAGE IN THE WORK OF THE
DEPARTMENT OF OCCUPATIONAL HEALTH
AND INDUSTRIAL SAFETY -~ TECHNOSPHERE
AND ENVIRONMENTAL SAFETY

Since 2006, the Department has been headed by
Tamila S. Titova, Doctor of Technical Sciences, Profes-

sor, and Honoured Science Worker of the Russian Fed-
eration (Fig. 5).

Fig. 5. Tamila S. Titova

In November 2006, a decision of the Academic
Board renamed the Department to Technosphere and
Environmental Safety's, giving impetus to a large-scale
process of renaming departments that train safety
professionals in higher education institutions across
Russia.

On November 21-23, 2007, the Department organ-
ized and held the I International Science-to-Practice
Conference “Technosphere and Environmental Safety
in Transport”. The plenary session and roundtables
that took place in the Constantine Palace in Strelna at-
tracted the attention of not only professors of transport
universities that train HSE specialists, but also repre-
sentatives of executive authorities and supervisory
agencies for labour and rail transport. The relevance of
the issues raised at the Conference and the interest of
its participants in discussing them showed the need for

160rder of St. Petershurg State Transport University No. 768/ok dated March 23, 1993 “On teaching staff”.

17Order of St. Petersburg State Transport University of the Ministry of Railways of the Russian Federation No. 3/dd dated January
16, 2004 “On renaming the Occupational Health, Safety and Environmental Protection Department”.

18 Qrder of St. Petersburg State Transport University (GOU VPO PGUPS) No. 18/od dated November 30, 2006 “On renaming the

Occupational Health and Industrial Safety Department”.
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Fig. 6. Department team (2008)

regular meetings in this format. Since 2008, the Confer-
ence has been held every two years and thus become
a customary event. The second conference, which has
been since then known as “TABTRANS?”, revealed the
essence of the concept of “technosphere safety” and
it was subsequently taken into account when new
health and safety training standards were developed.
Thus, the Department is one of the early pioneers in a
new area of human life and health protection, which
in 2009 was shaped as a separate scientific discipline
with an approved professional training programme,
bringing together all possible areas of training in oc-
cupational safety.

In November 2008, the Department team increased
through a merger with the Ecology Department®®
(Fig. 6), and its scope of work expanded, too. The re-
search laboratories were transformed into a testing
centre for Environmental Safety and Occupational
Health and Safety.

In 2011, the Ministry of Education and Science
of Russia changed the list of specialties and fields of
study for admission and training of higher education

students. At that point, the Department had to discon-
tinue admission and training of specialist students
and launched a bachelor degree programme in Tech-
nosphere Safety, specialty 20.03.01 (with the major in
Safety of Technological Processes and Operations) and
a master degree programme in Technosphere Safety,
specialty 20.04.01 (Hazardous Technological Processes
and Operations).

PUBLISHING ACTIVITIES OF DEPARTMENT
MEMBERS

Among a large number of textbooks, teaching
guides, and research papers prepared by employees of
the Department, worth mentioning are thr publications
widely used for training both by the Technosphere
and Environmental Safety Department at PGUPS and
by many other departments of Russian universities
training safety engineers. These are the study guide
Industrial Safety prepared by the Department’s team
and published in 2010 under the editorship of Tamila

¥ QOrder of St. Petersburg State Transport University (GOU VPO PGUPS) No. 6/od dated November 28, 2008 “On reorganizing the
Engineering Ecology Department and the Technosphere and Environmental Safety Department”.
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Fig. 7. Study guide Occupational Health and Safety in Rail Transport

S. Titova (reprinted in 2016) [7, 8], and the study guide
Occupational Health and Safety in Rail Transport pub-
lished in 2017 [9] (Fig. 7).

DEPARTMENT NOWADAYS

The skills of the graduates in the master degree pro-
gramme, the high reputation of the Department among
employers, and multiple requests from prospective
students and employers enabled the first admission of

students to the master degree programme in Environ-
mental Engineering in 2022.

The hallmark of the Department is that it contrib-
utes to training of each and every student of the Uni-
versity. The Health and Safety discipline is in the cur-
ricula of all specialties and areas of training. Moreover,
its content substantially varies for mechanics, builders,
traffic engineers, and economists. Besides, the Ecology
course is available for many specialties. Every year, the
Department trains about 4,000 students of all modes of
attendance.

Fig. 8. Department team (2014)
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Fig. 9. Department team (2024)

By the celebration of its 75" anniversary, the De-
partment boasts a close-knit team which includes three
professors (Doctors of Sciences), nine associate profes-
sors (Candidates of Sciences), two senior lecturers, and
one assistant (Fig. 8, 9).

CONCLUSION

2007 saw the first graduation of specialists in Oc-
cupational Health and Safety. Since then, the Depart-

ment has trained over 350 specialists and bachelors
and more than 50 masters for industry, transport
and other sectors. Graduates from the Department
are successful on the labour market. You can meet
them anywhere in Russia, from Kaliningrad to the
Far East. The majority of them are employed by rail-
way member companies of Russian Railways OJSC,
Gazprom, the St. Petersburg Metro, Severstal Steel
Mill in Cherepovets, and other companies in Russia.
Many graduates work in supervisory agencies and
expert organizations.
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VOL. 4
AH HOTA M B koHue XX B. — B nepBbie pecatunetna XXI| B. UHAMS ob6unack 3HauMTeNbHbIX YCNEXOB B MOAEPHU3a-
LL LMK XKeNne3HOL0POXHOro TpaHcnopTa. [NonoxutenbHble pe3ynbTaTbl ObiIM LOCTUIHYTbI NPaKTUYECKU BO

BCEX OTPACNAX XeNe3HoA0POXHOro komnaekca. CoBeplleHCTBOBaNACh MHPPACTPYKTypa — NPAKTMYECKM 3aBeplueH obLeHaumo-
HanbHbIM NpoekT Unigauge, HanpaBneHHbI Ha 0ObeAMHEHME KeNe3HOLO0POXHON CEeTU CTPaHbl B €AMHYI0 PeNbCOBYH CUCTEMY C
nepeycTpoiCTBOM ee Ha LUMPOKYH Konet 1676 MM. B HacTosLiee BpeMs xene3Hble JOpOru WMPOKOM KONen COCTaBASHOT OKOO
97% Bceit 3KCnNyaTaLMOHHOM ANWHbI. [lapannenbHO C peKOHCTPyKLMeH nyTelt 0OHOBAEHbI MHOTME MOCTOBbIE NMepexoabl, COBep-
LUEHCTBYETCS CTaHLMOHHOE U TOFUCTUYECKOEe X034MCTBO. BAn30oK K 3aBepLueHMI0 NpoLLece aneKTpuduKaLumm MarucTpanei WMpoKo
KOneu, CerofHs anekTpudULUMpoBaHHbIe TMHUM NPeBbIWAT 99% 06LLen UX MPOTHKEHHOCTU. MHTEHCMBHO BELETCS MOLEPHM3aLMS
CUCTEM XEeNe3HOA0POXHON aBTOMATUKM, TEIEMEXAHMKM U CBSA3M, BCE WMPE MCNOMb3YITCS LMdpoBblie TexHonornu. KapamHanbHo
06HOBNSETCS NOABUXKHOM COCTaB: KakK CPeACTBa TAMM, Tak M NACCAXMPCKMI, FPy30BOM BaroHHbIM NapK. Pa3BMBaeTcs CKOpOCTHOe
[BUXXEHWE, 3aBEPLUAETCS COOPYXXEHWe NepBoi B IHAMM cneumanm3vpoBaHHOM BbICOKOCKOPOCTHOM Kene3HoLOPOXHOM MarucTpanu
Mymbaun - Axmapabag.

B cTaTbe paccMaTpmuBaeTCs O4HO M3 HAMpaBNEeHWUI AeATENbHOCTM XenesHbix fopor MHauM — ganbHMe naccaxxumpckue nepe-
BO3KW. ABTOPbI MPOAO/HKAKT UCTOPUYECKOE MCCIELOBAHME NMEPUOAA OT NOSBAEHNS NepBbIX Xene3Hbix gopor B MHanm B XIX B. oo
Hawux aHei. Mpeabiaylme 4actm onybaMKoBaHbl B HacToAWEeM xypHane B 2023-2024 rr.2.

K/IOYEBBIE C/I0B

[ns uutuposauma: 3axapos B.b., Komapos E. PazBuTre naccaxxmpckux nepeBo3oK Ha xenesHbix foporax MHamm: koHew XX c1o-
netusa — nepsble gecartunetuna XX| seka // Tpancnopt BPUKC. 2025. T. 4. Buin. 4. C1. 7. https://doi.org/10.46684/2025.4.7.
EDN: JGISXY.
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, )KenesHble LoporM MHaUW; Naccakupckue nepeBo3ku, NMOABUNKHONM COCTaB; 3/1EKTPONOe3aa;
+ anekTpocekumm; EMU; knaccol npoesna naccaxupos, KombopT npoesaa; 6poHMpoBaHue
6unetos

PHENOMENON OF DEVELOPING A NEED
FOR MASS PASSENGER TRANSPORTATION
ININDIA

By 2024, the population of India exceeded 1.46 bil-
lion people®. Despite the fact that residents of India are
less mobile than in many other countries, the number
of passengers on rail transport, as the most accessible
mode of transport for the majority of the population,
is high, and in absolute terms, the number of pas-
sengers carried is higher than in China. For instance,
in 2023, Indian railways (excluding metro systems)
carried 6,396.0 million passengers as compared to
2,798.7 million passengers in China, despite the fact
that the population numbers of the two countries are
close. However, in China, rail travels cover on average

longer distances, hence higher annual passenger fig-
ures: 1,341,037 million passenger-kilometers (2023) in
China compared to 958,919 million passenger-kilome-
ters in India. Nevertheless, this figure is also high in
India*.

High passenger traffic in India is largely contribut-
ed to by a significant number of the country’s holidays,
primarily religious ones. While India is a secular state,
various studies show that less than 1% of its population
consider themselves non-religious. The main religions
practiced are Hinduism (about 80% of the popula-
tion), Islam (about 14%), Christianity (2.5-3%), Sikhism
(about 2%), and Buddhism (about 1%)5.

In India, adherents of all religions have their own
holidays. The country has 18 non-working public holi-
days during a year. For comparison, South Korea has

2 3axapos B.b., Komapos E. 7KejiesHble 1opoTH UHAWUM. 3aBepIllaeTcsl Ba)KHBIHM Tall MOJIepHU3aITUN — YHUQUKAITHS IITUPUHBI
xouien. TpaHcriopt BPHKC. 2023. T. 2. BoIn. 2. Ct. 1. https://doi.org/10.46684/2023.2.1.

3axapoe B.B., Komapog E. )KeyesHsle joporu MHIUU: BpeMsi 06HOBJIeHUs U MofepHusaruu. Tpancnopt BPUKC. 2023. T. 2.
Brim. 3. CT. 3. https://doi.org/10.46684/2023.3.3.

3axapos B.B., Komapog E. Tlacca>KUpPCKUH II0/IBIPKHOM COCTaB JKeJIe3HBIX 0por HIWY B IlepBhle II0JIBeKa UX paboTsl. Tpas-
criopT BPUKC. 2024. T. 3. Beir. 1. CT. 2. https://doi.org/10.46684/2024.1.2.

3axapoe B.B., Komapog E. PasBUTHe KOHCTPYKIIMH IIaCCa’KUPCKUX BaroHOB U OOCHy>KHMBaHHe IIaCCaKUPOB Ha >KeJles-
HBIX foporax Muauu: koHer XIX — nepsas nososuHa XX crosetus. Tpa"ncnopt BPUKC. 2024. T. 3. Beir. 4. Ct. 3. https://doi.
0rg/10.46684/2024.4.3.

3 Current World Population. URL: https://www.worldometers.info/world-population/.

4 Statistics — Synopsis. 2025 UIC Publication 2024. URL: https://uic.org/IMG/pdf/railway_statistics_synopsis_2024web_1866037339.pdf
SBRICS. Trade Union Forum. URL: https://tufbrics.org/ru/info/28/.
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17, Japan has 15, and Russia has 14 public holidays. In
developed Christian countries, the average number of
public holidays ranges between 11 and 13 (11 in the
United States, 12 in Italy, and 13 in Germany)®.

In 2025, India declared 78 religious holidays, mass
public ceremonies, and remarkable dates of varying
significance, from national holidays to events in indi-
vidual states, groups of states, and municipalities’.

In India, it is usual to celebrate holidays both of
one’s own faith and of other faiths with friends, ac-
quaintances, co-workers, and neighbours. Because
of this, the country’s legislation limits the number
of non-working days allotted to employees. Most of
them have the right to choose 2 out of the 24 restricted
holidays based on their nationality or religion.

Many Indians have a deeply ingrained traditional
notion that during holidays they must visit their family
members, friends, and, with the rise of prosperity in
recent decades, often distant relatives — not just by de-
gree of kinship but also literally “distant”, those living
far away. What seemed impossible just half a century
ago — visiting relatives on holidays — is increasingly
becoming the norm today, filling trains, buses, and
planes on pre-holiday days.

In addition to religious holidays, there are secu-
lar ones, as well as numerous festivals, fairs, exhibi-
tions, and popular sports competitions often held in
the country. For example, the calendar of the main
national fairs, exhibitions and festivals (excluding
sports events) for January-December 2025 includes
51 events?.

RAILWAYS AS INDIA'S MAIN MODE

OF TRANSPORT FOR MASS, LONG-DISTANCE
PASSENGER TRANSPORTATION. IMPROVING
THE PASSENGER RAILROLLING STOCK FLEET

Previous publications by the authors provide an
overview of the main stages in the development of the
passenger rolling stock fleet, from the inception of the
Indian railways in the 19th century to the mid-20th
century®2 A major achievement of the Indian railways
after the country’s independence in 1947 was the crea-
tion of its own coach-building industry.

In 1955, Integral Coach Factory (ICF), one of the
first major mechanical engineering companies in

Vladislav B. Zakharov, Egor Komarov
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Fig. 1. ICF coach with Second Class seats on the Mumbai
(CSMT)-Pune Pragati Express (12125). Photo by the authors.
March 2019

the independent India, was established in Chennai
(known as Madras before 1996), with technical as-
sistance from Swiss Car and Elevator Manufacturing
Corporation Ltd.

Indian engineers in cooperation with Schweizer-
ische Wagons- und Aufziigefabrik AG (SWS, Swiss Rail-
car and Lift Factory Corporation, known colloquially
as “Wagi”, which was based at Schlieren, canton of Zu-
rich, Switzerland) designed a new 22.2 m long (over
buffers), 3.2 m wide, and 4.0 m high 1,676 mm gauge
unibody coach that could travel at a maximum speed
of 130 km/h. It is important to note that by the mid-
20th century, a significant portion of the rail coach fleet
of the Indian railways still had either a wooden body
frame or a wooden body on a steel frame [1].

Release of new rail coaches fully meeting the re-
quirements of the 1950s started on October 2, 1955.
The ceremony was attended by India’s Prime Minister
Jawaharlal Nehru.

Starting with 350 coaches per year, the Integral
Coach Factory now manufactures 1,800 coaches per
year of different types and various comfort level (class),
air-conditioned and non-air-conditioned coaches, trail-
er and motor carriages (Fig. 1).

For more than 30 years, ICF coaches were the
backbone of India’s rail coach fleet. However, by the
late 1980s, the overall obsolescence of coaches built in
the late 1940s became increasingly evident.

The management and engineers of Indian Railways
embarked on a search for structural concepts to cre-
ate a new 1,676 mm gauge lightweight coach capable
of traveling at a greater maximum speed of at least

6 Public holidays in various countries. 2023. URL: https://www.snegovik.ru/articles-new-year/skolko-otdykhayut-v-raznykh-

stranakh/.

"Holidays and Observances in India in 2025. URL: Holidays and Observances in India in 2025.

8 Calendar of Events in India for 2025. Embassy of India Economic and Commerce Wing. Manila. URL: https://www.eoimanila.
gov.in/docs/1733396115CALENDAR_OF_EVENTS_IN_INDIA2025-2026.pdf.
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160 km/h. Besides, the coach was supposed to be safer
in operation than ICF coaches, and in particular to pre-
vent telescoping of the vehicle bodies in train collision
accidents®.

In 1995, Linke-Hofmann-Busch (LHB) was chosen
as a contractor. Later it changed its owner and be-
came Alstom LHB GmbH in 1998. The company was
awarded two contracts: to design a new high-speed
coach for the 1,676 mm gauge and to transfer tech-
nology and launch manufacturing of coaches at an
Indian facility™.

In 1998, the first LHB high-speed rail coaches were
manufactured. During test runs, they reached a speed
of 180 km/h (the maximum speed in commercial ser-
vice is 160 km/h). In 2000, large-scale manufacturing of
various types of rail coaches began, including service
carriages with electric generators and luggage com-
partments (Fig. 2, 3).

At present, coach-building factories in India manu-
facture a wide range of passenger rail coaches. The
rolling stock will soon be supplemented with vehicles
manufactured by Kinet Railway Solutions, a Russian-
Indian joint venture, which will launch the produc-
tion of the Vande Bharat'! — modern, high-speed AC
multiple-unit trains for the 1,676 mm gauge. The train
is a proprietary Indian solution of the Integral Coach
Factory in Chennai as part of the Make in India initia-
tive launched by the Indian Government (Fig. 4). The
prototype was created in 2018 and reached a speed
of 183 km/h during test runs. (Its design speed is
160 km/h.) The train is made up of 8, 16 or 20 coaches
of various classes and is designed for operation on
routes of up to 800 km.

The first Vande Bharat Express was put into op-
eration in February 2019. In January 2025, 66 trains
were in operation providing services on more than
150 routes, including 15 trains of 16 coaches, 8 trains
of 20 coaches, and 43 trains of 8 coaches [2, 3].

Vande Bharat trains are manufactured at several
coach-building factories in India and have proven
themselves as reliable, economical, and comfortable
vehicles for passengers. A decision was made to buy
several thousands of these trains in the coming years
[4]. In 2022, the Government of India announced an
international tender for setting up manufacturing of
the latest modification of the Vande Bharat in India.
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Fig. 2. LHB coach with air conditioning and three-tier sleeping
berths (3AC) (with reserved seats). Photo by the authors.
March 2019

Fig. 3. LHB carriage with an electric generator and luggage
compartment. Photo by the authors. March 2019

Fig. 4. One of the first Vande Bharat trains'2

In 2023, a consortium led by Transmashholding
JSC, Russia, won a USD6.5 billion international ten-
der for the design, manufacturing and 35-year main-
tenance of 1,920 coaches for long-haul Vande Bharat
electric trains in three passenger classes. Kinet Rail-
way Solutions, a Russian-Indian joint venture, was
established for this purpose [2]. The prototype of the
first Vande Bharat from Kinet Railway Solutions is ex-

° Telescoping occurs when the underframe of one carriage smashes through the other carriage’s body as a result of a cata-
strophic collision. The resulting appearance of the two vehicles resembles the tubes (segments) of a telescope (spyglass) inserted

into each other.

T inke-Hofmann-Busch (LHB). URL: https://transportpedia.org/manufacturers/lhb.
1 1nitially, this was known as “Train 18”. In 2018, the name was changed to “Vande Bharat” (meaning “I glorify India” or “I bow

to India” in Hindi).

12Make in India: creating a new center for railway engineering Rolling Stock. TMX ABrycT, 2023. URL: https://rollingstockworld.
ru/proizvodstvo/make-in-india-sozdavaya-novyj-czentr-zheleznodorozhnogo-mashinostroeniya/
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Fig. 5. Exterior of the new Vande Bharat train designed by Kinet
Railway Solutions. Design presentation®?

Fig. 6. Interior of a sleeper compartment on the new Vande
Bharat train designed by Kinet Railway Solutions.
Design presentation®?

Fig. 7. Interior of a Vande Bharat sleeper coach designed
by Kinet Railway Solutions. The coach has an open-plan layout
with two-tiers of berths for passengers (similar to a Russian-
style “reserved seat” coach). Design presentation?®

pected to be released in 2026 [4]. In March 2024, the
company published a computer-aided design visuali-
sation of the exterior and interiors of the new train
coaches (Fig. 5-7).
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CURRENT STRUCTURE OF PASSENGER
COACHES ON INDIAN RAILWAYS BY TRAVEL
CONDITIONS AND COMFORT LEVEL

In India, railways remain the cheapest and most af-
fordable mode of transport. Passengers riding on roofs
of trains and literally hanging on to the outer structures
of carriages, once typical of the country’s railways,
have almost become a thing of the past or can be seen
on very rare occasions. Nevertheless, it is quite diffi-
cult to buy a ticket for many railway lines on the eve
of public holidays, religious or public activities, trains
are overcrowded, often exceeding the standard capac-
ity, especially in cheaper classes. Indian Railways has
to organise and introduce additional “holiday trains”
in pre-holiday periods. Organise and introduce are not
reserved and passengers occupy the entire space of the
coach. The launch of these trains is widely announced
before major holidays [5].

India has 11 classes of passenger trains and coach-
es, varying by the travel comfort level, seating type,
availability of basic and additional services, and fare
[6-9].

There are two main groups of coach classes, primar-
ily depending on whether air conditioning is available
or not. Given the climatic conditions in most regions of
India, it is air conditioning in passenger rail coaches
that determines the level of travel comfort during sig-
nificant periods of the year.

In travel documents, coaches with air conditioning
are designated as “AC” (air-conditioned). To designate
an air-conditioned coach, the “A.C.” letters are usually
written on its side wall.

AC (Air-conditioned) Classes
1AC or 1A. ACFirst Class: air-conditioned sleepers

Passengers are accommodated on berths in two-
and four-berth compartments with lockable doors
(Fig. 8). At the ends of the corridor, each coach has
two toilets, an Asian-style toilet'* and a Western/Euro-
pean-style toilet. The latest series of coaches are pro-
vided with environmentally friendly, vacuum evacu-
ation toilets, which passengers can use at any time,
including the dwell time at a station

Each berth is provided with a full bedding set and
a pillow. For all air-conditioned classes, bedding is in-
cluded in the ticket price. First Class is the most ex-
pensive among sleepers.

13 The public was shown the design of Russian trains for intended for Indian Railways. March 2024. URL: https://salt.news/
promishlennost/publike-prezentovan-dizajn-rossijskih-poezdov-dlya-indijskih-zheleznyh-dorog

“The so-called Asian or squat toilets are common in some Asian and African countries. In many Muslim countries, washing with
water is a mandatory cultural practice and it is easier done in this type of toilet than in a sitting position in European toilets.
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Fig. 8. AC1 LHB coach: a — exterior on the Rajdhani Express (Mumbai-Delhi Rajdhani); b — AC1 two-berth sleeper on the Rajdhani
Express. This is a two-berth compartment on the Mumbai-Delhi Rajdhani Express. Photos courtesy of Nonstop Eurotrip [8]

2AC or 2A. Two-Tier Class: Two-tier berths with
air conditioning. There are compartments without
doors (thick fabric curtains are available) along the
side aisle, each has four berths across the coach and
two side berths. Each berth is provided with a pillow,
sheet, blanket, and face towel. There are two toilets at
each end of the coach (in total, four): an Asian toilet
and a Western one. In these carriages, washbasins are
installed in the entrance vestibules. The price for the
air-conditioned two-tier class is almost half the cost of
the AC First Class (Fig. 9).

3AC or 3A. AC Three-Tier: Air-conditioned coach-
es with berths arranged in three tiers in transverse
bays and two tiers in side longitudinal bays. These
coaches also have bays without doors (and without cur-
tains) as in two-tier coaches, but the transverse rows
have three berths one above the other, at the lower,
middle, and upper tier. During the daytime, the middle
berth is folded down, allowing three passengers to sit
on the lower berth. The side berths are arranged in two
tiers only (no middle berth is available). Each berth is
provided with a pillow, sheet, and blanket.

3E AC Three-Tier-economy. Air-conditioned
coaches with all berths arranged in three tiers, in-
cluding in side bays. What differs it from 3AC is that
side longitudinal bays have one more berth. This class
is the cheapest among air-conditioned sleepers.

EA. Executive Anubhuti Chair Car: Air-Condi-
tioned Executive Class with comfortable, soft col-
lapsible seats — the so-called Anubhuti coaches
(in Hindi Anubhuti means feelings, sensations). Rel-
atively wide seats are arranged in rows in a 2+2 con-
figuration across the coach and spaced relatively far
apart, providing passengers with some degree of priva-
cy (Fig. 10). Recently, branded express trains have been

Fig. 9. Interior of a bay on a 2AC coach. View from the four
transverse sleeping berths to the two longitudinal berths, with
the lower berths converted to seats during the daytime.
Photos courtesy of Nonstop Eurotrip [8]

Fig. 10. Interior of Executive Anubhuti Chair Car (EA)
on the Shatabdi Express*®

15 Anubhuti AC chair for Shatabdi. The Hindu. December 2017. URL: https://www.thehindu.com/news/cities/Hyderabad/anubhuti-

ac-chair-for-shatabdi/article22277934.ece
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Fig. 11. Interior of CC coach of the Vande-Bharat train. Photos courtesy of Nonstop Eurotrip [8]

provided with mechanised seats with remote controls,
so that passengers can convert them into a berth-like
sleeping space, similar to business class on airplanes.
Additional amenities include TV sets mounted on
the front seatbacks. This class is quite popular with
wealthy people traveling on daytime trains with a
travel time of up to five hours. These executive class
coaches are included in several comfortable express
trains, such as the Tejas Express, Gatimaan Express,
and Shatabdi Express. The ticket price is close to that
for domestic air flights.

EC. Executive Chair Class: Air-conditioned
coaches with comfortable collapsible seats (Air-
Conditioned Executive Chair Class). Chairs are ar-
ranged in a 2+2 configuration across the carriage and
have no additional equipment that is available on EA
coaches.

CC. AC Chair Car: Air-conditioned coaches with
soft chairs arranged in transverse rows in a 2+3 con-
figuration (Fig. 11). The chairs are narrower than those
in the Executive Chair Class and are closer to each oth-
er. This class of coaches is most frequently found in
daytime trains with travel times of up to five hours.

Non-Air-Conditioned Classes

F or FC. First Class without air conditioning. In
this class, coaches are arranged in the configuration
similar to that of air-conditioned first class coaches.
Bedding is available for an extra fee. In recent years,
this class of coaches is gradually put out of service
(Fig. 12), and passengers are increasingly giving pref-
erence to 1C or 2C coaches.

SL. Sleeper Class. Coaches are arranged exactly
in the same configuration as those with three tiers of
berths, but have no air conditioning. Bedding is not in-
cluded in the ticket price, but is available for an extra

TRANSPORT HISTORY

fee. Passengers are increasingly opting for 2AC coaches
over these ones.

28. Second Class. In India, this class provides an
opportunity to travel by rail on reserved seats at the
lowest price. The majority of second class coaches
(Fig. 13-17) have wooden benches placed installed

Fig. 12. Non-air-conditioned first class (F or FC) ICF coach.
Photo by the authors, 2019
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a

Fig. 13. Non-air-conditioned second class (2S) ICF coach: a — exterior of a train at the platform before boarding (the luggage ready
for loading); b — interior of a coach with benches, each for three passengers. Photo by the authors, 2013

—

Fig. 14. Non-air-conditioned 2S ICF Fig. 15. Non-air-conditioned 2S ICF Fig. 16. Non-air-conditioned 2S ICF
coach. Asian/squat toilet. coach. European/western toilet. coach. Entrance vestibule. Washbasin.
Photo by the authors. 2019 Photo by the authors. 2019 Photo by the authors. 2019

across the central aisle of the carriage. Each bench
can accommodate three passengers. Most second class
coaches have no window glass, but are equipped with
grilles to prevent unauthorized persons from getting
into the carriage from platforms and protect passengers
from accidental falling out. As windows have no glaz-
ing, but there are thick pull-down curtains (these can
be seen in Fig. 13, a), passengers can ventilate the cabin.
GN. Unreserved/General Class. The class name
“GN” stands for General Number (Fig. 18). It uses both
seating coaches and coaches with two- or three-tier
berths (similarly to SL coaches). This is the cheapest
class. Similarly to non-air-conditioned second class, the
majority of these coaches have no window glazing, but
there are fixed grills and thick drop-down curtains.

To conclude this overview of the structure of pas- Fig. 17. Non-air-conditioned 2S ICF coach. Entrance vestibule.
senger train classes of Indian Railways, let us compare Folding berth for an on-duty attendant.
approximate fares on the example of a trip by the Photo by the authors. 2019
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Fig. 18. Non-air-conditioned ICF coach. GN: unreserved/general class with seating. Photo by the authors. 2019

New Delhi Rajdhani Express 2050 along the 1,072 km
railway route between New Dehli and Samastipur
where an approximate travel time is 18 hours 30 min-
utes. For reference, the travel time by air is 2 hours
57 minutes.

Indian Railways has fixed travel fares for different
passenger coach categories. The AC First Class fare is
approximately equivalent to the cost of a flight. For the
route in question, a passenger will pay 3,500 rupees for
AC First Class, 2,700 rupees for AC 2, and 1,455 rupees
for AC 3 (as of 2022).

MODERN RESERVATION AND TICKETING
SYSTEM ON INDIAN RAILWAYS

Until the late 20th century, India had a gener-
ally archaic ticketing system, where tickets could be
bought at railway stations. The system was limited
to individual railway companies. Accounting for and
registration of available tickets, distribution of seats
for selling through specific ticket offices, and similar
operations were done manually by railway operators
with the use of telephone and telegraph [10].

Passengers had many complaints regarding the sys-
tem. Booking errors, duplicate tickets sold, and misuses
were frequent, for example, tickets for popular desti-
nations were bought up and then resold at a higher
price, etc.

In 1999, the Government of India founded, through
its Ministry of Railways, the Indian Railway Catering

TRANSPORT HISTORY

and Tourism Corporation (IRCTC). It was designed to
organize a system for booking and selling railway tick-
ets, on-board catering, and tourist services [10].

On August 3, 2020, IRCTC launched an online tick-
eting system for Indian Railways. This digital innova-
tion marked the switch from conventional ticket of-
fices to online booking via an accessible platform. The
launch of the IRCTC website was a revolutionary step
in the development of ticket booking for millions of
travellers [9].

In general, the system made the booking process
more transparent for passengers. It also takes account
of various factors when providing railway tickets to
different groups of passengers, based on differences in
their social status, gender, age, and so on. The system
became more publicly perceived as a fairer one, given
the existing shortage of carrying capacity in passenger
traffic, especially on pre-holiday days.

In 2012, the Rolling Deposit Scheme (RDS) was in-
troduced to simplify booking. It is a sort of a “wallet”
that allows customers to book tickets using the depos-
ited funds they deposit. In 2013, IRCTC expanded its
services to include hotel and air travel booking.

When buying tickets for long-distance trains via the
IRCTC system on the official website of Indian Railways
(irctc.co.in), as well as through a ticket office at a rail-
way station, one passenger can get no more than six
tickets per train, which should be kept in mind when
traveling as a large group. The IRCTC system does not
guarantee that your seat and seats of your companions
will be next to each other — it is a kind of lottery. When
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booking a ticket, you can state your preferences, such
as “window”, “aisle”, “lower berth”, “side berth”, etc.,
but in reality, it is only upon boarding when the pas-
senger learns where their seat is.

The exceptions are the air-conditioned Executive
Chair Class (EC); air-conditioned First Class coaches
with sleeping berths (1AC); AC Chair Class; and non-
air-conditioned First Class (FC).

For all the other classes, when boarding the train,
you must check whether your ticket is listed on the
so-called charts, displayed on special information
stands on platforms or outside of the coach. Charts
may be displayed one or two hours before the train
departure, but sometimes this happens just a few
minutes before the departure (Fig. 19-21). An au-
tomatically generated seat number is indicated in
charts. A seat is selected by computer based on the
gender and age information for all the passengers
traveling in the class.

Since usually there are not enough seats for eve-
ryone on any train, the e-ticketing system has special
protocols for those who want to buy tickets: RAC (Res-
ervation Against Cancellation) and WL (Waiting List).

The queue for tickets under the RAC protocol starts
forming immediately after all of the reserved seats
have been sold. After a while, no RAC seats are left and
the system begins to generate a WL queue.

WL tickets indicate mean that all seats on the
train have been sold out, but you can buy a place in
the queue. When buying a place in the queue, a po-
tential passenger is assigned a unique number which
shows how many people are ahead of them on the
waiting list. If someone cancels their ticket, the sys-
tem automatically allocates it to the next person in
the queue.

RAC tickets mean that passengers have purchased
half a seat (for example one lower side seat). If some-
one cancels their ticket, the seats are first allocated
to RAC members and then to WL members. If no one
cancels a ticket, two RAC members are guaranteed one
lower berth.

The booking and ticketing system of Indian Rail-
ways is constantly improved to benefit passengers and
improve capacity utilization. Until the summer of 2025,
the above mentioned chartrs (booking schemes) were
prepared and displayed four hours before the depar-
ture, which created difficulties and uncertainty for
passengers, especially those arriving at stations from
regions. Currently, measures are being taken to ensure
chartrs are prepared eight hours before the departure
[11,12].

The IRCTC system serves millions of people every
day by booking and selling railway tickets, which is
not easy, given the limited transport resources on
railways, as well as personal needs, financial capabili-
ties, timeframes, and limitations of each of millions
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Fig. 19. Chart with names and surnames of passengers
displayed on an information stand or on the outside
of the coach before train departure. It replaces tickets
and boarding passes for passengers who have purchased
e-tickets and presented their ID. Photo by the authors. 2013
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Fig. 20. The authors’ names and surnames on a passenger chart.
Photo by the authors. 2013

Fig. 21. Information stand on a passenger platform with charts
listing names and surnames of passengers holding RAC and WL
tickets. Photo by the authors. 2019
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of people. In order to take into account all the priori-
ties and satisfy the majority of interested passengers,
the IRCTC system has introduced quotas for allocation
of train seats among different categories of potential
passengers!e.

Annually, quotas on the number of passengers in
various transport (service) classes are set for 19 cat-
egories of passengers based on a review of the domes-
tic passenger railway market in different classes/seg-
ments of transport. Some examples of quota categories
include women; women over 45 years of age or wom-
en with children under 12 years of age traveling unac-
companied; people with disabilities; the military per-
sonnel; railway workers traveling for business; parlia-
ment members; foreign tourists, etc. The announced
quota system for each line and each day helps manage
the public perception of ticket shortage as an unpleas-
ant but manageable situation?.

TOURIST AND LUXURY TRAINS
ON INDIAN RAILWAYS

The story of long-distance passenger traffic on In-
dian railways would be incomplete without a brief de-
scription of increasingly popular highly comfortable
trains known as luxury trains, as well as tourist trains
attracting growing attention among both residents
and foreign visitors [13].

Some luxury trains operate on routes overlapping
with those of regular trains, but they differ from the
latter in their refined luxury and comfort of coaches,
including premium dining carriages. After all, the pur-
poses of luxury trains, as well as regular ones, is to
bring passengers from point A to point B, while provid-
ing them with a particularly comfortable, even luxuri-
ous, travel experience.

Tourist trains travel along special routes. What is
important for travellers is not the fact that they travel
to a certain destination, but the journey as such, where
they have an opportunity to do sightseeing along the
way, visiting beautiful natural sceneries or monuments
of architecture and history.

Vladislav B. Zakharov, Egor Komarov
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Coaches of the majority of tourist trains have simi-
lar comfort classes as those above 2C and 3C found in
modern Indian long-distance passenger trains, and
they are ICF and LHB carriages.

At the same time, a number of tourist trains are
distinguished by a high level of comfort and exqui-
site design of their carriages and hence can be re-
ferred to as luxury tourist trains. Designed to pro-
vide a very comfortable leisure experience, in terms
of their functionality, they are close to river, sea or
ocean cruise ships'’. Luxury tourist trains are made
up of highly comfortable coaches, but the design of
some carriages also allows travellers to enjoy good
views of the surroundings, as well as take photos and
videos [13].

In some cases, tourist trains have an observation
carriage (Fig. 27-30) at the rear of the train'®. These
carriages are used on the majority of world’s railways
as service ones for technical inspections of the track
by managers and engineers of various levels. Due to
increased train speeds, modern observation carriages
have an enclosed rear area with wide panoramic win-
dows on three sides.

On routes abundant in mountainous areas, tourist
trains often have the so-called “dome cars”, so that
passengers can more easily get what can be notion-
ally called “vertical views” or “vertical panoramas”'’.
These have a glazed roof or glazed sections on the top
shaped as a glass dome or hump projecting several
tens of centimetres above the roof (within the safe
upper clearance of the train).

Apart from luxury tourist trains, relatively inexpen-
sive tourist trains affordable to the general public that
have a modest design, but are comfortable are increas-
ingly operated by Indian Railways. In recent years, the
rail coach-building industry in India has been manu-
facturing carriages for these trains that are close to
standard ones in terms of comfort levels and technical
equipment.

As a result of the Project Unigauge implemented
by Indian Railways, broad-gauge rail lines currently
account for about 97% of the total operational length
of the country’s railway network. Most metre- and

16TRCTC Quota List. URL: https://www.redbus.in/indian-railways/irctc-quota-list.

7Cruise ships are large passenger ships used mainly for vacationing. Unlike ocean liners, which are used for transport, cruise
ships typically embark on round-trip voyages to various ports of call, where passengers may go on tours known as “shore
excursions”.

8 Known since as early as the mid-19th century, these carriages originally had an open platform with railings at the rear of a
vehicle. Passengers could safely go out onto it as the train moved. Being somewhat protected from the wind by the end wall of
the carriage, passengers could enjoy a nearly 360-degree view of the surrounding terrain “running away” from the train. In the
late 19th century, especially in the United States, observation cars were popular on luxury trains.

9 A dome car is a type of passenger carriage that has a glass dome on the top of it, so that passengers sitting on the upper level of
the carriage can have an all-round view of the surroundings or look upwards to capture vertical views of the mountains, which
is impossible in regular passenger carriages.
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Fig. 22. The Golden Chariot luxury tourist train [13]

narrow-gauge railways have been converted to broad-
gauge or closed.

Some of metre- and narrow-gauge railways in India
have been recognized as historical heritage and pre-
served. Their routes usually run through picturesque
areas, making them extremely attractive to tourists.
Regular routes of many broad-gauge railways also pass
through picturesque natural areas. Thus, broad-, me-
tre-, and narrow-gauge trains operate as tourist trains
in India.

Luxury trains are made up of both older luxury sa-
loon coaches that have undergone complete overhaul
and renovation and new ones manufactured for the
purpose on the basis of ICF and LHB passenger coach-
es. In recent decades, quite a few saloon coaches built
in the first decades of the 20th century that are distin-
guished by sophisticated finishes, but technically too
obsolete for regular operation have been taken out of
service. Some of them have been thoroughly rebuilt
including the restoration of the undercarriage, body,
and braking equipment, and outfitted with modern air
conditioners, sanitary facilities, and other devices. The
interiors have been restored, too. These coaches have
been put into operation as part of luxury trains and
luxury tourist trains with the original corporate livery
(Fig. 22).

At a rough estimate based on data available on the
Internet and reference publications, there are more
than fifty luxury trains, luxury tourist trains, and tour-
ist trains in India.

On January 27, 1989, Indian Railways and Rajas-
than Tourism Development Corporation (RTDC) put
into service one of the first luxury tourist trains,
the Palace on Wheels. It operates between Delhi
and the state of Rajasthan?, which is known for its
royal culture and beautiful palaces. The train cov-
ers about 3,000 km, running through the cities of
Jaipur, Jaisalmer, Jodhpur, Udaipur, and Rantham-
bore in eight days and bringing travellers to Agra to
see one of the wonders of the world, the Taj Mahal
(Fig. 23)* [13].

Fig. 23. Bedroom of a Presidential Suite on the Palace
on Wheels luxury tourist train?

20Rajasthan is the largest state in India. Founded in 1949 in the historical region of Rajputana, it is located in the northwest of

the country. Its capital and largest city is Jaipur.
“The Palace on Wheels. URL: www.thepalaceonwheels.org.
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Fig. 24. Dining carriage on the Maharajas’ Express luxury
tourist train?*

We will use this train as an example to examine
how luxury tourist trains are set up and arranged. The
train has 20 carriages, 14 of which can accommodate
82 travellers. There are two classes of suite cabins:
two Super Deluxe Presidential Suites and 39 Deluxe
cabins.

In addition to 14 coaches with tourists, the train
has a spa carriage offering a wide range of services
to travellers, two dining carriages, and two service
carriages for the train crew and service staff, which
also have stockroom. The train has an electric power
carriage, which supplies power for air condition-
ing, lighting in carriages, operation of eco-friendly
evacuation toilets, etc. Other luxury tourist trains
are set up approximately in the same way as the
Palace on Wheels. The total number of carriages on
various trains ranges from 14 to 23 (the Maharajas’
Express)?s 23,

The suites on the Palace on Wheels are named
after precious stones. They are decorated using the
colour of the corresponding stone and are lined with
silk and velvet. The suite has a bedroom (Fig. 23), a
study with a desk and sofa, and a private bathroom.
Adjacent to the suite there is a service compartment
for a butler [13].

Some of the interiors of passenger coaches on luxu-
ry tourist trains are shown below (Fig. 24-26).

Apart from luxury tourist trains, Indian Railways
operate tourist trains for a broader range of travel-
lers — people with middle income. For traveling on
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Fig. 25. Kitchen of the dining carriage on the Maharajas’
Express?®

narrow-, metre-, and broad-gauge tracks, coach-mak-
ing factories in India produce special tourist coaches
known as “Vistadome” (from the English words vista
(a distant view) and dome)* (Fig. 27-30).

Tourist routes also run along the metre- and nar-
row-gauge railways that still remain in service. In ad-
dition, a number of these lines are currently listed as
Indian and UNESCO World Heritage Sites and taking a
trip on them is of particular interest.

An earlier article published by the authors de-
scribes the rolling stock that was used for regular pas-
senger traffic in the mid-20th century on metre- and

Fig. 26. Fitness centre on the Deccan-Odyssey luxury
tourist train?

22The longest passenger train Prayagraj Express operates between New Delhi and Prayagraj and has 24 carriages.
#The Maharajas’ Express. URL: https://www.tripadvisor.ru/Attraction_Review-g304551-d15133137-Reviews-Maharajas_Express-

New_Delhi_National_Capital Territory_of Delhi.html

2 The Vistadome. Enjoy expansive views of memorable routes. URL: https://artsandculture.google.com/story/the-vistadome-
enjoy-expansive-views-of-memorable-routes-rail-enthusiasts-society/SwUhyI0V7j1BIA?hl=en.

% The Deccan Odyssey. URL: https://www.tripadvisor.com/Attraction_Review-g304554-d628517-Reviews-Deccan_Odyssey-Mum-
bai_Maharashtra.html#/media-atf/628517/354872336:p/?albumid=-160&type=0&category=-160.
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Fig. 28. Vistadome (AC TOURIST CAR (LWTFCZAC/WTFCZAC) Fig. 29. Vistadome (AC TOURIST CAR (LWTFCZAC/WTFCZAC).
with an observation area with wide glass windows at the rear Interior of an observation area with wide glass windows
of the coach? at the rear of the coach?*

narrow-gauge railways in India?’. Later these carriag-
es were also included in trains on tourist routes that
opened on these lines.

In recent years, interest in tourist trips on historical
railways, including metre- and narrow-gauge lines, has
increased significantly. India’s coach-making factories
currently produce the second model of the Vistadome
narrow-gauge carriage designed for tourist trains

(Fig. 31-34).

The Him Darshan Express?, a tourist train made up
of 762 mm gauge Vistadome coaches, took its first trip Fig. 30. Interior of the Vistadome (AC TOURIST CAR
on December 26, 2019 on the Kalka—-Shimla Railway?’, (LWTFCZAC/WTFCZAC) coach with tourists [14]

% The Vistadome Experience. URL: https://www.tripoto.com/karnataka/trips/the-vistadome-experience-3b4f69901a5636271.
¥7Zakharov V.B., Komarov E. Passenger Rolling Stock of Indian Railways in the First Half-Century of Their Operation. BRICS
Transport. 2024;3(1):1-14. https://doi.org/10.46684/2024.1.2.

Zakharov V.B., Komarov E. The development of passenger carriage design and passenger service on the railways of India: The
end of the 19th — the first half of the 20th century. BRICS Transport. 2024;3(4). https://doi.org/10.46684/2024.4.3

2 The name Him Darshan Express (The Himalayas Darshan Express) derives from a popular tourist viewpoint, the Himalaya
Darshan, in the Himalayan foothills along the Kalka—Shimla railway.

2 A 96.6 km long narrow-gauge mountain railway opened in 1903 connects Kalka (a city in Northern India, the state of Hary-
ana) and Shimla (the capital of the state of Himachal Pradesh and a mountain resort in Northern India). The line made it
possible to comfortably travel to the previously virtually inaccessible town of Shimla in the mountains in just six to seven
hours. Small trains operated on this narrow-gauge line were called “toy trains” — a name still often used nowadays, especially
by journalists.
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Fig. 31. The first Kalka-Shimla Him Darshan Express with
the first generation of Vistadome coaches with the glass roof.
Departure from Kalka station. December 26,2019 [15]

Fig. 32. Interior of the first-generation Vistadome coaches
with the glass roof on the Kalka-Shimla Him Darshan
Express [15]

Fig. 33. The Kalka-Shimla Him Darshan Express tourist train with the first-generation Vistadome coaches with the glass roof*

which is a UNESCO World Heritage Site [15]. The car-
riages looked much like old narrow-gauge ones, but
had the glass roof for vertical views (Fig. 31-33). The
train had one air-conditioned first-class coach.

In 2023, the Rail Coach Factory at Kapurthala*
began to manufacture modern, comfortable 762 mm
gauge Vistadome coaches with seats, panoramic win-
dows, and a glass roof (Fig. 34, 35). All carriages have
air conditioning facilities [16].

CONCLUSION

By the end of the first quarter of the 21st century,
a significant progress has been made in the develop-
ment of passenger travel on the Indian railways, which
remain the primary mode of transport in the country
with the largest population on the globe.

Passenger transport was improved through the
implementation of the Project Unigauge, which has

30 https://www.business-standard.com/article/current-affairs/trial-run-of-vistadome-coaches-on-kalka-shimla-route-to-be-con-

ducted-soon-123010800177_1.html

31Founded in 1985, it is a coach-building factory of Indian Railways in the state of Penjab. Currently, it manufactures new LHB
and MEMU passenger coaches and narrow-gauge railway carriages.
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Fig. 34. A train comprised of new Vistadome coaches
on the Kalka-Shimla Railway. A power carriage can be seen
in the middle of the train [16]

Fig. 35. Interior of the new Vistadome coaches
on the Kalka-Shimla Railway [16]

integrated the country’s entire railway network into a
1,676 mm gauge system, accounting for about 97% of
the total operational length of railways in India.

The near completion of the electrification of broad-
gauge trunk lines, which currently account for about

Vladislav B. Zakharov, Egor Komarov

Development of passenger transportation on Indian railways:
The end of the 20th and the first decades of the 21st century

99% of the total operational length, is also very impor-
tant for enhancing the operation of the country’s rail-
ways. This has made it possible to increase speeds, the
weight of freight trains, and the length of passenger
trains, and improved compliance with the timetable for
passenger trains. The projects to build a single broad-
gauge railway system and electrify the Indian railways
were implemented in combination with the renewal of
the rolling stock fleet, both freight and passenger car-
riages and traction units, using powerful electric loco-
motives and modern multiple unit passenger trains for
both commuting and long-distance travels.

The electrification of railways has significantly im-
proved the environmental situation, brought the coun-
try closer to zero carbon emissions, and substantially
reduced its dependence on exports of liquid hydrocar-
bon fuels for diesel locomotives. In India’s locomotive
fleet, diesel locomotives are gradually converted into
stand-by power units intended for use in emergency
situations, in particular, in case of climate disasters
(hurricanes, natural calamities), when disruptions to
railway power supply are possible.

It should be noted that the country’s transition to a
single railway system with a broad gauge of 1,676 mm,
which is not a standard gauge in the world, is likely
to create difficulties in operating both the standard
1,435 mm (HSR) and broad gauge rail systems in pas-
senger traffic in the future. This is predicted based on
ambitious plans to build a high-speed rail (HSR) net-
work, which, according to international experience,
can be assumed to be built on a standard 1,435 mm
gauge.

Nevertheless, we can currently see a significant pro-
gress in the comprehensive modernization of Indian
railway transport, a dramatic improvement in passen-
ger service, making it more accessible to people, and
increasing travel speeds, comfort, and safety levels.
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