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Creating a New Generation of CR450 High-Speed EMUs with Better
Performance Promoting Greater Advances of CHSR during the 14th
Five-Year Plan Period

WANG Feng
(Party Secretary, Chairman of CRRC Changchun Railway Vehicles Co. , Ltd. )

Since the 1990s, China’s high-speed EMU have undergone four development stages: autonomous exploration, introduction and
absorption, independent innovation, and comprehensive innovation, thus successfully making a historic breakthrough from struggling
from chasing to taking the leading position. Especially since 2012, China’s high-speed EMU technology has entered a comprehensive
innovation stage to implement the spirit of the important instructions of Secretary General Xi Jinping. Organized by China Railway,
CRRC Corporation Limited, etc. , and guided by Chinese standards, CRRC Changchun Railway Vehicles Co. , Ltd. cooperated
with domestic and foreign research institutes and suppliers of the whole industry chain to strengthen the independent innovation and
successfully developed a series of " Fuxing" EMU with completely independent intellectual property rights (IIPR) at different speeds
of 160 km/h, 250 km/h, and 350 km/h for the purpose of achieving autonomy, simplification, interconnection and interchange,
and advanced technology in accordance with forward designs. Consequently, a world record for the train passing test at a speed of
420 km/h was made, and the world’s first commercial operation at a speed of 350 km/h was realized. The " Fuxing" EMU success-
fully operate on the vast land of China.

In January 2021, Secretary General Xi Jinping took the Beijing-Zhangjiakou high-speed train to inspect the preparations for the
Beijing Winter Olympics in Zhangjiakou Division and pointed out that high-speed railways mark successful examples of China's in-
dependent innovation, which has played a leading from scratch in this field around the world through a process of introduction, ab-
sorption and re-innovation, and independent innovation. We should summarize experience, keep working hard, and strive for grea-
ter progress during the 14th Five-Year Plan period. By now, China’s high-speed trains with a design speed of 350 km/h have run on
15 000 km rail lines, and the 8 800 km rail lines for high-speed trains with a design speed of 350 km/h are under construction. Con-
sidering the infrastructure conditions of high-speed trains with a speed of 350 km/h, it is imperative to make overall progress in
EMU technology andrealize the commercial operation of EMU with a speed of 400 km/h, thus promoting China’s industrial transfor-
mation and upgrading and high-quality economic development.

CR450 EMU is a new generation of " Fuxing" EMU that is faster, safer, more environmentally friendly, more energy-saving,
more intelligent, more autonomous, more sustainable, and more system-optimized. Besides, it pursues standardization, serializa-
tion, modularization, and intelligence of EMU in accordance with principles of advance, reliability, maturity, economy, and neces-
sity.

Faster A large-scale system coupling model of " vehicle-line-environment"” wasset up based on the operation boundary of the

existing high-speed rail lines, and in-depth studies on wheel-rail, pantograph-catenary, fluid-solid, and their mutual coupling influ-
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ence were conducted. Technical research on pneumatic drag reduction, vehicle lightweight, braking capacity improvement, etc. ,

was continuously carried out and the technical bottleneck of speed and energy efficiency was broken through. As a result, an operat-
ing speed of 400 km/h, a test speed of over 450 km/h, and an ultimate test speed of 600 km/h were realized.

Safer In-depth technical research on vehicle lightweight, braking system capability improvement, active and passive protec-
tion, disaster early warning, health and epidemic prevention, and intelligent safety status management were conducted to obtain an
emergency braking distance of 6 500 m at a speed of 400 km/h. Given the present security system, studies on technologies such as
new energy and information technology (IT) integration and application were carried out to enhance the safetyassurance ability. In
addition, the operation safety and intelligence were improved through vehicle-to-vehicle interconnection, real-time communication,
autonomous driving, and self-management. And in-depth technical studies on fire prevention, collision resistance, and harsh envi-
ronment adaptability of those trains were conducted to enhance emergency support and breakdown rescue capabilities.

More environmentally friendly In-depth technical research on new energy (hydrogen energy, battery energy storage,
etc. ), new materials ( high-reliability superconducting materials, etc. ), new processes ( laser cladding, additive manufacturing,
etc. ), and new technologies (active noise control, green refrigeration, etc. ) were carried out so as to further improve the environ-
mental performance indicators.

More energy-saving Technical studies on multi-objective balanced comprehensive energy-saving technology based on
" weight-resistance-power" were conducted, and the energy consumption of 22 kWh/km was realized at an operating speed of 400
km/h. Meanwhile, technical research on the integration of " new materials-topological structures-advanced technologies" was fo-
cused on to enhance the lightweight level. The operation resistance was undermined by virtue of vehicle smoothness, detail structure
optimization, and active flow field control. Besides, a traction system based on the permanent magnet traction motor and high power
device (SiC) was established for improving the efficiency of the traction chain. And technical research on the integration of assisted
driving and automatic driving was conducted for more efficient energy saving.

More intelligent In-depth research and application of intelligent technology were concentrated on, new technologies such as
artificial intelligence ( Al), intelligent sensing, wireless transmission, big data, cloud computing, and Internet of Things (IoT)
werein wide application. EMU have transformed from " intelligent" ones to " smart” ones with three capabilities of self-perception,
self-decision, and self-trouble shooting through omni-directional situational awareness, failure prediction, health management, etc.
For this reason, the intelligent manufacturing, intelligent driving, intelligent service, and intelligent operation and maintenance of ve-
hicles were realized, and the intelligent level of passenger interface, steward-passenger interface, and operation and maintenance in-
terface was enhanced.

More autonomous The research and development of CR450 high-speed EMU contributed to the full grasp of the key core
technologies such as system integration, bearing, operation, driving, and control of the high-speed EMU with a speed of 400 km/h,
the establishment of relevant technical standard systems concerning design, manufacturing, test, evaluation, application, overhaul ,
and maintenance, and the completion of a fully independent and controllable high-speed EMU technical platform, thereby realiz-
ingthe comprehensive innovation of high-speed rail basic theories, key technologies, equipment development, and standard system.

More sustainable High-level self-reliance was promoted from the whole chain of market demands, technology research,
product research and development, test verification, and application demonstration. The CR450 high-speed EMU technology plat-
form helped China take a leading role in the development of high-speed trains in the world. Consequently, pedigree products were
made, and the technical level and competitiveness of CHSR mobile equipment were improved.

More system-optimized Key technical indicators such as operating speed, braking distance, energy consumption, and
noise of CR450 EMU stake a leading role in the world, and the life cycle cost per kilometer of the EMU is equivalent to that of
CR400 "Fuxing" EMU. The safety, advancement, reliability, economy, and maintainability of EMU were comprehensively en-
hanced via scientific and technological innovation of high-speed EMU system integration technology.

In conclusion, CR450 EMU, as a new member of the " Fuxing" EMU family, enjoys a high operation speed and a comprehen-
sive energy efficiency level, which significantly enhances the scientific and technological innovation level and self-reliance ability of
CHSR, consolidates and expands our technological leading advantages, and plays a major role in the greater progress of CHSR dur-
ing the 14th Five-Year Plan period. Furthermore, it will provide technical and equipment support for boosting the Belt and Road,

building China into a transportation power, and realizing the strategic goal of " carbon peaking and carbon neutrality" .
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