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Urban Rail Transit Vehicle Smart HVAC Tech-
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Abstract As an important technical means of urban rail tran-
sit vehicle intelligent operation, smart HVAC (heating, venti-
lation and air-conditioning ) technology mainly adjusts the AC
(air-conditioner) operation mode according to the vehicle oper-
ating environment data to improve ride comfort, conducts real-
time monitoring of AC units operation status and fault predic-
tion and early-warning of key components, so as to realize in-
telligent health management and improve the operation-mainte-
nance efficiency of AC units is improved. Smart HVAC system
is established by combining vehicle AC, vehicle on-board net-
work and PHM ( prognostics health management) ground sup-

port system, setting sensors to monitor the environment data

and adaptively adjust the AC operation status to improve the in-
terior air quality. In terms of PHM ( prognostics and health
management ) , the safe operation of AC units is guaranteed by
building a diagnostic model, collecting and transmitting AC
unit operation data, timely warning frequent faults of AC units
in time, predicting the service life of the aging key components
and taking corresponding health management measures. For
vehicle maintenance, with different diagnostic and prediction
model data, the smart HVAC technology formulates reasonable
maintenance process for AC units and develops the convention-
al maintenance mode, turning fault repair and timing repair into
an intelligent ’state repair’ mode based on safety monitoring
and health management.

Key words urban rail transit vehicle; air-conditioner; fault
prediction ; health management; intelligent operation and main-
tenance
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Fig.1 Block diagram of vehicle air-conditioning system
control
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Fig.5 Overall structure of fault prediction module
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Hydrogen-energy Urban Train

SHA Miao
(Deputy General Manager, Chief Engineer of CRRC Changchun Railway Vehicles Co. , Ltd. )

As a response to the increasingly severe global climate change problem, Paris Agreement was adopted at the 21st Session of U-
nited Nations Climate Change Conference held in 2015, formulating action guidelines against global warming. To further implement
the commitment made at the Climate Change Conference, Government of China has introduced a series of policies and has incorpo-
rated the 'carbon peaking and carbon neutrality’ strategy into the Report on the Work of the Government 2021, to which point, 'car-
bon peaking and carbon neutrality’ is launched as a national campaign. The energy industry is currently undergoing the third revolu-
tion aiming at low-carbon and carbon-free, and hydrogen is receiving widespread attention as an important green carbon-free energy.
In the 14th Five-Year Plan by the State Council and the relevant plannings by the Energy Bureau of National Development and Re-
form Commission, it is clearly stated that hydrogen is an important constituent of the future national energy system, and the clean
and carbon-free characteristics of it should be fully exploited to promote the green and low-carbon transformation of high energy-con-
sumption and high emission industries, including transportation and heavy industry. For rail transit industry, countries have carried
out a lot of research and practice in the field of hydrogen-energy trains. Since China has laid a solid foundation of hydrogen energy
and rail transit industry and possesses the broad market of rail transit, there is a significantly dominant position in developing hydro-
gen-energy rail transit. The integrated development of hydrogen energy industry and rail transit is one of the important measures to

boost the achievement of 'carbon peaking and carbon neutrality’ goal in China.
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In the tide of the times guided by policies and powered by industries, CRRC Changchun, that is joined by the participation of

research institutes at home and abroad, hydrogen, energy storage and other technology partners along the industry chain, successful-
ly developed the world’s first hydrogen-energy city rail transit train with independent intellectual property rights, by following the de-
sign philosophies of more low-carbon and environmental-friendliness, advanced intelligence, more safety and comfort, and more
distinctive characteristics, and working closely with the practical demands in green and intelligent operation-maintenance. The train
is 4-formation with 2 motor cars and 2 trailer cars, allowing the maximum speed of 160 km and the maximum operation mileage of
600 km. The successful development of such train marks a further breakthrough in the application of hydrogen energy in rail transit
for China, making the development of hydrogen-energy city rail transit train to lead on a global scale.

More low-carbon and environmental-friendliness. Being green and environmental-friendly is one of the most competi-
tive advantages of hydrogen-energy city rail transit train. As a kind of clean energy, hydrogen has abundant and diversified sources.
With its higher calorific value and pollution-free reaction, hydrogen is one of the few new energy sources that simultaneously satisty
the comprehensive requirements of resources, environment and sustainable development. As the energy source of hydrogen-energy
city rail transit train, a hydrogen-electricity hybrid power system supplies the energy with no other by-products but water and adopts
the independently developed hydrogen-electricity hybrid energy management strategy to realize the coordinated control of hydrogen
fuel cell and energy storage system, meeting the requirements of whole vehicle dynamic response and affording the function of ener-
gy recovery from braking process. The hydrogen fuel consumption rate during the operation is reduced, and the train operation mile-
age is increased. In addition, the train is provided with more efficient and energy-saving traction auxiliary equipment, realizing op-
eration of higher efficiency through energy-saving control technology.

Advanced intelligence. Intelligentized technological means are comprehensively applied to the hydrogen-energy city rail
transit train in aspects such as control, communications, and monitoring. In terms of operation control, a highly automated train
control system realizes intelligent train operation and dispatching for the whole network. In terms of train communications, the vehi-
cle-vehicle communication technology is applied to provide better traction and braking control strategies for trains, which effectively
improve the train operation efficiency and save the dispatched resources. In terms of train monitoring, multiple intelligent monitoring
systems are coupled to effectively carry out rapid early warning, positioning and diagnosis of train faults during operation. Mean-
while, the railway vehicle monitoring technology based on big data analysis realizes the multi-system coupling network for vehicle-
wayside bidirectional information transmission, guarding vehicle safe operation by real-time monitoring and analysis of train opera-
tion status parameters in driving.

More safety and comfort. Safety is the primary premise for hydrogen-energy city rail transit train operation. Multi-dimen-
sional and multi-level design of safety protection guarantees the driving safety through equipment installation protection, system real-
time state monitoring and fault alarm, as well as linkage of multi-system active and passive fault prevention. To improve passenger
travel experienc, intelligentized passenger information display technology is applied to satisfy the passenger demands of diversified
information. Intelligent lighting system also grants passengers more ease. Panoramic windows installed in the head and rear cars im-
prove passengers’ visual experience of the journey.

More distinctive characteristics. The train is artfully designed to contain the prospect and hope for the future hydrogen-
energy trains. In an all-inclusive style of design, the streamlined head and the smoothly designed body at train front highlight the el-
egance and beauty. In combination of dark blue and light blue, the carbody’s appearance of hydrogen symbol 'H2' indicates the
technical feature of the train. The light blue lines spreading all over the carbody look like winding and flowing sea waves, inter-
spersed with blue dot arrays sparkling in the sunlight, embodying the majestic power and environmental-friendly property of hydro-
gen-energy trains. The interior ornamented by light blue elements shows a quiet and elegant atmosphere, which coincides with its
green and low-carbon characteristics.

In conclusion, the hydrogen-energy city rail transit train conforms to the application requirements of green and intelligentized
operation-maintenance, with the features of low-carbon and environmental-friendliness, advanced intelligence, safety and comfort,
and distinctive characteristics. It provides valuable technical reserves and practical experience for the research and application of hy-
drogen-energy trains in China, creates a precedent of applying hydrogen energy to city rail transit trains and provides powerful sup-

port for the achievement of 'carbon peaking and carbon neutrality’ goal and the construction of low-carbon transportation.
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