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ABSTRAC Creating Russia’s first high-speed railway line between Moscow and St. Petersburg is an important socio-
political, complex engineering and technical, as well as major economic project.

In addition to the design and construction of fixed track, power supply, automation, telecontrol and telecommunication facili-
ties and other infrastructure components, the project includes, in a single package, the design and commercial production of a
Russian-made high-speed train. In 2025, the BRICS Transport (vol. 4, issues 1 and 2) published the Report on the plenary session
of the VI Betancourt International Engineering Forum “High-speed railway line St. Petersburg—Moscow: Challenges, solutions,
personnel” in both Russian and English. The Report presented the background of the project and its infrastructure component.
To complete the picture, we are publishing the slightly abridged presentation “On engineering of an electric train for the first
phase of the high-speed railway network in Russia” made by Head of the Department of Technical Policy of JSC Russian Railways,
Candidate of Engineering Sciences Vladimir E. Andreev for students and professors of Emperor Alexander | St. Petersburg State
Transport University on April 2,2025.
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NHpopmayuoHHas cmameos

PaspaboTka anekTponoe3aa AN NepBoro atana ceTu BbICOKOCKOPOCTHbIX
MarucTpanen B Poccumn

B.E. AHgpeeB
[lenaprameHT TexHuueckoi noautukm OAQ «PX[L»; r. Mockea, Poccus; info@rzd.ru

AH HOTA VI Co3paHue nepBol B CTpaHe BbICOKOCKOPOCTHOM Xene3HoA0pOXHOM Maructpanu Mockea — CaHkT-leTep-
I.l 6ypr — BaXHbI COLMANbHO-MONUTUYECKUIA, CIIOXKHBINA TEXHUYECKUI, TEXHONOTMYECKMIA 1 BONbLLOI SKOHO-
MWYECKMI MPOEeKT.

[poeKT KOMNNIEKCHO BKJIKOYAET, MOMUMO MPOEKTUPOBAHUS U CTPOUTENBCTBA CTALMOHAPHbIX 0OBEKTOB MYTEBOr0 X035MCTBA,
3N1eKTPOCHABXeHMs, aBTOMATUKM, TENEMEXAHUKMN U CBA3U U APYTUX MHOPACTPYKTYPHbLIX KOMMNOHEHTOB, Pa3paboTky U 0CBOEHME
NpOW3BOACTBA OTEYECTBEHHOMO BbICOKOCKOPOCTHOrO noesaa. B xypHane «TpaHcnopt BPUKC» B 2025 roay (T. 4, Bbin. 1 v 2) Ha
PYCCKOM W aHIMIACKOM S13blKax Obl1 0nybnMKOBaH penopTax-0T4eT 0 NaeHapHOM 3aceganHun VI beTaHKypoBCKOro MexayHapoa-
HOro MHxeHepHoro dopyMa «BblicoKOCKOpPOCTHAs ene3HoaopoxHas Maructpans CaHkT-lNeTep6ypr - MockBa: BbI30BbI, peLleHus,
Kaapbl», B KOTOPOM Obinn NpeacTaBiaeHbl OCHOBHbIE CBEEHMS O NPOEKTe, ero MHPPACTPYKTYPHOW cocTaBnsatoLLiei. [Ing nonHo-
Tbl KAPTUHbI C HEOONBLWMMU COKPALLEHMAMU NYOAUKYeTCS NeKUMa-A0KNaL HaYanbHUKa enapTaMeHTa TeXHUYeCKOM NOoNUTUKK
OAO «PX[», k.T.H. B.E. AHapeeBa «O pa3paboTke 3nekTponoesna A/ NEPBOro 3Tana CeTM BbICOKOCKOPOCTHbIX MarucTpanei B
Poccun», npountanHbiv 2 anpensa 2025 r. pns ctyneHToB M npenofasatenei MNetepbyprckoro rocyaapcTBEHHOrO YyHMBepCUTETa
nyten coobweHuns Mmnepatopa Anekcanapa |.

Kn |_OL| EBbl E Cﬂ O BA. BbICOKOCKOPOCTHOM YKeNe3HOL0POXKHbIM NOABMXKHOM COCTAB; MOE34,; BAaroH; TeNneXxka; cucrema
+ 3/IEeKTPONUTaHMS; TOPMO3HAs CUCTEMA; YC/IOBUS NPOEe3Aa; KOMPOPT Naccaxmnpos

[na umtuposanua: AHdpees B.E. Pa3zpaboTka 3nekTponoesaa Ans NepBOro 3Tana CeTu BblICOKOCKOPOCTHbIX Maructpanei B

Poccuu // TpaHcnopt BPUKC. 2025. T. 4. Buin. 3. C1. 02. https://doi.org/10.46684/2025.3.02. EDN BUYFAZ.
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BASIC CHARACTERISTICS OF THE HIGH-SPEED
TRAIN

To operate on high-speed lines electrified with
25 kV 50 Hz alternating current and high-speed lines
electrified with 3 kV direct current as the first phase
of the high-speed railway network, a dual-voltage elec-
tric train consisting of eight coaches (Fig. 1, 2) with a
design speed of 360 km/h will be built in Russia. The
trains will be designed to operate in the environments
with outside air temperatures from —-40°C to +40°C. It
will be possible to operate them in double train sets of
16 coaches with multiple-unit (MU) control.

Vladimir E. Andreev

Engineering of an electric train for the first phase of the high-speed railway network in Russia

The preparation of the working design documenta-
tion for the main train components, including the body,
bogies, traction, brake and other systems is currently
underway (Fig. 3).

The engineering documentation is being worked
out by the specially created Engineering Centre for
Railway Transport JSC established in 2019. Its current
shareholders are Russian Railways JSC, the Govern-
ment of Moscow, and Sinara Group JSC'. The Centre’s
activities are aimed at solving relevant engineering
problems and implementing knowledge-intensive pro-
jects in the field of railway transport. Engineering of
high-speed passenger rolling stock is a pilot one.

Maximum test speed, km/h 400
Maximum operating speed when powered
by 25 kV alternating current, km/h 360
Maximum operating speed when powered
by 3 kV direct current, km/h 250
Basic train set, coaches 8
Continuous travel time in one direction
St. Petersburg—Moscow; h:min 2:15
Number of passenger seats 454
Basic train set length, m 208
Maximum static load per axle, t 18
Multiple-unit control functionality Available

Fig. 1. Exterior design of the driving trailer; interior of the first-class compartment, and basic specifications of the train
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Fig. 2. Basic systems, components, units and assemblies of the train

1Sinara Group JSC is a Russian multi-industry holding company operating in transport engineering, financial services, etc. Their

head office is based in Yekaterinburg.
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Fig. 3. Organizations involved in the train engineering and production

The development and manufacture of the high- The project will for the first time provide Russia
speed electric train and its component parts involve  with the following technologies and technical solutions
more than 150 Russian transport engineering compa-  (Fig. 4, 5):
nies and eight research centres. e New friction materials for the friction pair in the

braking system (brake shoes and brake discs) that
can effectively perform at high speeds in all climate

MAIN TECHNICAL AND ENGINEERING environments;
SOLUTIONS FOR THE RUSSIAN HIGH-SPEED e LTE-based railway radio communication systems;
TRAIN e New generation high-speed electric motors and

traction gearboxes;
The engineering documentation is worked out in e An open-architecture hardware and software plat-

strict compliance with the schedule agreed upon by all form for building an electric train control system;
the parties on the basis of the Technical Specifications e Combined automatic couplers and coupling de-
for the Electric Train approved by Russian Railway JSC vices;

on December 9, 2020. The documentation is worked out e Inter-carriage gangways with outer bellows for bet-
along with a set of research studies on relevant issues ter aerodynamic performance;

to substantiate the standards and select sound engi- e Underframe, bogies, and traction drive;

neering solutions. e Spring bases.

Fig. 4. Head carriage body nose elements: damper and fairing Fig. 5. Traction gearbox
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The manufacturers of the component parts and
sub-systems of the train have been set the task to use
advanced materials and technology to ensure high re-
liability and the smallest possible weight and dimen-
sions of the products.

The first prototypes of parts and assemblies for the
electric train were manufactured in the second half of
2024. The first frame of the trailer bogie is being tested
to destruction in order to determine the limit loads.
The bulk of prototypes will be manufactured in 2025.

Vladimir E. Andreev
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LAYOUT AND PASSENGER TRAVEL
CLASSES

The eight-coach electric train will have four passen-
ger service classes: First Class, Business, Comfort, and
Standard coaches. This will allow to offer transporta-
tion services to passengers providing a wide range of
comfort levels based on their budget (Fig. 6-17). The
total capacity of the eight-coach train set is 454 pas-
sengers.

Fig. 11. Interior of the Comfort passenger compartment

TRANSPORT ECOSYSTEM: SOCIETY, STATE, AND GLOBAL CHALLENGES



pe
/t
(,")

TRANSPORT

Vladimir E. Andreev

Engineering of an electric train for the first phase of the high-speed railway network in Russia

ISSUE 3

2025

: il""“*' -':'*
1.

n ..;-“ ra'.‘r

i

1||

-‘—‘_‘__'!_'_ |_bt|!
) Fﬁ:— -: ;ﬁl -:{_
3 .

i V:”*‘Ll_ LI

IU J TDLDI P D B LDt I ]
I a-dEgEl3333333 38 EEEEE Tl 3EE
AONIIDOIIDIOCC OO ONDr=<r=
[ F-aEFIR3R3R3333 3 EEREEEH1RaE T
it o s ) (O LA Y L RO ) (G R O O LS O] 2 7] e f

Fig. 17. Layout of Comfort seats in Coach 8 (a driving trailer)

The design of the electric train will be in line with
the world’s modern engineering and artistic trends and
materials taking into account the experience of operat-
ing the Sapsan train and passenger demands.

In Standard coaches, it was decided to use the “2+3”
seating arrangement (two seats — aisle — three seats).

Coach 1 has two compartments: a four-person
meeting room compartment and a two-person luxury

TRANSPORT ECOSYSTEM: SOCIETY, STATE, AND GLOBAL CHALLENGES

compartment. In Coach 1, the First Class seats are ar-
ranged in “2+1” configuration. The power-assisted de-
sign of the seats equipped with electric drives enables
the passengers to convert them into a sleeping berth.
Passengers in Coaches 1 and 2 will be offered individ-
ual service and will be served food and drinks at their
seats. For this purpose, Coach 1 has a mini-kitchen and
serving equipment.
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Fig. 18. Elements of the braking system on the axle of the
carrier bogie: brake discs and calliper brake assemblies

Coach 2 has seats for Business class passengers with
“2+2” seating arrangement in a row. The seats are also
convertible. Coaches 3, 6 and 8 are intended for Com-
fort class passengers and have “2+2” seating configura-
tion in a row.

Coach 3 has the train master’s compartment. It is
also equipped with special systems for placing and se-
curing wheelchairs and thus can accommodate wheel-
chair-bound passengers.

Coach 6 has a play area for children. Coaches 4
and 5 are designed for Standard class passengers and
have “3+2” seating arrangement in a row. Coach 5 has
a bar area with a kitchen which is accessible to all pas-
sengers on the train.

TRAIN BRAKING SYSTEM

The main solutions being prerequisite for the imple-
mentation of a high-speed electric train project involve
designing the vital systems: the traction and braking
systems of the train, and train protection systems.

Vladimir E. Andreev
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The braking system is a very important component
of the electric train. The project places a particular
focus on the creation of necessary equipment for the
full cycle of tests. It is necessary to select materials for
the friction pair of the disc brake (disc — brake shoe).
Until now, Russia did not produce necessary materials
for the friction elements of braking devices that could
operate at speeds of up to (and including) 400 km/h,
and there was no technology for manufacturing them
(Fig. 18, 19).

The existing brake test rigs in Russia allow for simu-
lating the operation of brakes at speeds of up to 250-
300 km/h, but their capability for simulating operating
conditions with high braked weight values is limited.

To address these challenges, arrangements have
been made to develop a technology and manufacture
a relevant brake friction test setup at the facilities of
the Railway Research Institute (VNIIZhT), where the
parameters of the disc brake friction pair will be de-
termined and necessary tests will be conducted in
2025-2026.

36 new sub-systems comprising 10,000 components,
parts and assemblies will be developed for the high-
speed electric train. All train elements will be manu-
factured in Russia.

Most systems and components are subject to high
requirements to weight, dimensions, reliability, and
life cycle costs. The implementation of the project will
enable many designers and manufacturers of compo-
nent parts to move to a qualitatively new technology
level. At least one manufacturer was identified for all
essential systems and components, and several manu-
facturers were selected for many of them. Technical
specifications have been developed and approved for
all components of the electric train.

The manufacturer of the electric train is the Ural
Locomotives Plant (Ural Locomotives LLC) located in
Verkhnyaya Pyshma, Sverdlovsk Region. They will
manufacture the essential components (bogies and
carriage bodies) and will provide complete assembly,

Fig. 19: a — General view of the testing facility for braking equipment; b — Test unit for brake discs and brake assembly
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Fig. 20. General view of the production buildings of the Ural
Locomotives Plant?

adjustment and certification of the train (Fig. 20). New
assembly workshops are under construction on the
premises of the plant.

Other project participants are member companies
of Transmashholding Group. They will design and
manufacture six electric train systems (components
and devices for the inter-carriage gangway, external
doors, ventilation and air conditioning systems, inter-
nal doors, lighting systems, and interior elements).

Bionotes
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CONCLUSION

The implementation of the project that is so impor-
tant for the country will use the full weight of intellec-
tual, technological and financial resources. The pro-
ject for creating a high-speed electric train and build-
ing the first high-speed railway line is given special
attention by the Russian President, the Government
of the Russian Federation, the Government of Mos-
cow, the Ministry of Industry and Trade of Russia, the
Ministry of Transport of Russia, other ministries and
departments, and Russian Railways JSC. The transport
engineering companies engaged in the implementa-
tion of the project receive comprehensive support
from these entities.

The implementation of such an ambitious project
will allow the country’s industrial sector to acquire
new competencies that will both contribute to the crea-
tion of a Russian high-speed train and help improve
the quality of locomotives, carriages and railway infra-
structure systems manufactured in the country. Rus-
sian Railways Holding will gain unique competencies
in the development of a high-speed train and its com-
ponents, technologies and design procedures, mod-
eling and testing. This will make it possible to create
new types of rolling stock in the future.

Vladimir E. Andreev — Cand. Sci. (Tech.), Head of the Department of Technical Policy of JSC Russian Railways; JSC Russian
Railways; 1 bld., 2/1, Novaya Basmannaya st., Moscow, 107174, Russian Federation; info@rzd.ru.
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