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Abstract

Adrive of EV R&D in China began years ago. The participants have achieved a lot in filed of both whole vehicle
and key components. The paper presentsthe R& D status of electric vehiclein China for reference, which includes
pure electric vehicle, hybrid vehicle and fuel cell vehicle aswell as the key components such as motor and propul-
sion system, battery and MEMS and the test base and standards will be also included in the paper.
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1. INTRODUCTION

The electric vehicle has attracted the automobile indus-
try all over the world again on account of environment
protection and energy crisis. After three cycles of up-
and -down, the electric vehicle is now getting unprec-
edented recognition. Every country is striving for fur-
ther devel opment.

In the past 30 years, American has invested 200 billion
dollarsin the parallel hybrid electric vehicle (PEV), the
hybrid electric vehicle (HEV) and the fuel cell electric
vehicle (FCEV). 5,700 electric vehicles, 2,000 hybrid
electric vehicles and 320 electric or hybrid or fuel cell
passenger cars have been developed and manufactured.
Japan has invested huge capital in hybrid electric ve-
hicles and development and marketing is greater than
other countries except the USA.

Our Chinese auto industry has entered an era of fast de-
velopment, the number of automobile enterprises in-
crease by two digits per year. The number of autos pos-
sessed by Chinais close to 50 million, and the environ-
ment protection center of state forecasts that 64 percent
of atmosphere pollution is due to automobile emission.
Theéelectric vehicle R& D began alittle bit latein China.
More money than ever was invested in the field of EV
in the 8th-five-year-plan and the 10th-five-year-plan aim-
ing at developing the electric vehicle and achieving a
great breakthrough in key component technologies, sys-
tem integration and over-all vehicle technologies, build-
ing up atechnology platform for fuel cell vehicle manu-
facture and realizing mass production of HEV and pro-
moting electric vehicle's commercializing in a specia
region. The newly developed EV products must get the
approval of the national level.

The specialist committee of electric vehicle, China
Electrotechnical Society has visited Japan and Korea
two times, having attended AEV C-2, EV S19 and thein-
ternational environment and transportation symposium
and visited Hyundai Motor corp., Korea automobile re-
search institute, Korea | nstrument institute, Seoul uni-
versity, Japan Toyota corporation and other corporations
such as Japan GS battery Co., having athorough review
of over-all vehicle, propulsion system, energy manage-
ment, battery, charge technology as well as correlative
parts and product technology, energetic discussions and
idea exchanging were performed, the over-all develop-
ment status of electric vehicles can be summarized as
follows,

2. DEVELOPING STATE OF FOREIGN COUNTRIES
2.1 New characteristics of EV devel opment

Most EV sales have been stopped in America, such as
EV1, Chryder EPIC, Ford Baker Postal Vehicle, Honda
EV plus, Chevy-sl10, Ford Ranger-EV and Nissan Altra.
At present, only Toyota RAV4EV and Ford Ranger EV
are still on sale. In Japan, theintegration of EV and ITS
has become a new way of utilization and commercial-
ization of the current electric vehicle.

Up to 30th September 2003, four ITS/EV projects have
been launched in Japan.

2.2 Outstanding achievement in HEV sale

Toyota and Honda are the only two automobile manu-
facturers which can mass produce and sell HEVs.
American and Japanese automobile enterprises have be-
gun a competition in the field of HEV market, and the
total market isforecasted to scdeto 1 millioninthreeto
fiveyears.

In HEV development, Hyundai Motor Corp succeeded
inyielding Avante, Vernaand Click HEV following 1999,
2000 and 2002.
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Japan has done great work in thefollowing aspects: first,
having improved PRIUS, aHEV car which began mass
production and sale in market in 1997, the first com-
mercialized HEV in theworld. After improvement, ve-
hicle performance index increased. The fuel economy
received abig increase, fuel consumption per kilometer
reaching 4.5litre, fuel saving up to 50 percent, CO, emis-
sion decreasing to 50 percent, CO, HC and NOx emis-
sions according to EURO 4. Secondly, CROWN light
HEV wasintroduced, in which thereis no changein the
traditional vehicle chassis driving system, asmall 1SG
(integrated start generator) engine replaces traditional
generator, at the same time fitted with battery and elec-
tric control system. Because | SG has big power, engine
idleis canceled, energy regeneration functioned, energy
saving is close to 15 percent and an improvement in
emission index was achieved.

2.3 Great expectation in Fuel cell vehicle all over the
world

Hyundai Motor Corporation developed afuel cell ve-
hicle on the basis of the Santa Fe vehicle type. Light
material and an aluminum chassis were adopted so the
over-all vehicle masswas only 1,615kg, moreover 75kw
protons barter membrane fuel cell and 65kw induction
motorswere applied. 1n November 2002, Hyundai Mo-
tor Corporation united with the Hawaii government in
developing electric vehicles. Until now, there have been
15 Santa Fe fuel cell vehiclesin testing circulation.
Toyotacorpsintroduced thefirst fuel cell vehiclein 1996,
and now there are improved FCHV-4, FCHV-4 and
FCHV-BUSI. The output power of the fuel cell vehicle
isincreased 4 times to 90kw, maximum speed is over
150km/h, cruiserangeis up to 250km. Asfar asthefuel
cell vehicleisconcerned, Honda s FCX isthelatest type,
previously GM Autonomy, Nissan XTERRA, VW Bora
Hy motion, Daimler Chrysler NECAR and THINK Fo-
cus FCV and so on.

2.4 Two end in dimension in R&D trend

To miniaturize the electric vehicle, especialy pure EV,
has become a develop trend all over the world. More-
over, up to 316 (including 90 HEV passenger cars, 6
fuel cell vehicles) have been developed, such asAV S
battery ENOVA, BENZ FC Citaro Bus, E-battery BUS,
Toyota FC-Bus, Orion Hybrid Series VIl and Nova RFS
FC-bus, AVS hybrid 35 and so on. At the same time,
some concept cars such as Estima, Dualnote, Liberty
TTR, AcuraDN-X, Durango TTR, GMC Sierra, Ram7
and so on are under going devel opment.

3. NATIONAL DEVELOPING STATE
3.1 Vehicleintegration
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3.1.1 Pureelectric vehicle

Asthe undertaking enterprise of the 863 electric vehicle
special projects, Beijing Institute of Technology suc-
ceeded in developing two BFC6110-EV luxurious pas-
senger buses, two BK6120-EV low floor EV buses after
the success of the BJD6100-Ev bus as well as the
AK6110-EV economica EV bus and 8-metre mid-size
bus. The two buses first mentioned have basically fin-
ished approval tests and the two buses last mentioned
have begun small mass production. Maybe by the end
of the year the bus fleet will run along 121 line and in
Beijing Miyun electric vehicle demonstration area.
Shandong Black Leopard Company hasdevel oped anew
light pure electric vehicle. The large-scale production
of thevehiclewill become anew economic increase point
of the Company.

Tianjin Qingyuan Electric Vehicle Ltd has also devel-
oped pure electric sedans and has passed related approval
experimentation.

3.1.2 Hybrid electric vehicle

Domestic hybrid electric vehicle research and devel op-
ment teams led by FAW, Dongfeng and Chery have also
made fast progress in the whole vehicle. The hybrid
electric bus prototype, developed by Dongfeng EV
Corp., has been put into trial operation in Wuhan City.

3.1.3Fud cell vehicle

The fuel cell vehicle special project led by Beijing and
Shanghai’s R& D teams have also made great progress.
Tsinghua University and Beijing Bus Head Office have
worked together to develop the fud cell electric city bus
prototypeand they havefinished related tests. Shanghai’s
Super No.1 is China's first generation of fuel cell hy-
brid power car prototype. It employsthefuel cell power
platform that has absolute Chinese IPR. It reduced the
gap between Chinaand theworld advanced level greatly.

3.2 Technology of key components

3.2.1 Motor and control system

Beijing Institute of Technology invented an all-new trac-
tion motor automatic control mode and designed thu-
lium avariable flux motor and drive system. Its charac-
teristics are DC serial actuation motor’s low velocity
large torque and better automatic weakening magnetism
performance. It basically meets electric vehicle'sidea
power requirements. The technology haswon an inven-
tion patent and the motor and propulsion system has
begun small batch production.

The Institute of Electrical Engineering mainly studies
motors and their control. During the “ninth five’, itini-
tiated an electric vehicle electric drivetechnology’s study
in time and undertook the important technology key
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project of National Department of Technology and Chi-
nese Academy of Science. It cooperated with Dongfeng
Automobile Group and developed thefirst fuel cell elec-
tric vehicle with independent knowledge property right
in China successfully. At the same time it established
thelargest electric vehicle el ectric system R& D labora-
tory in China and possesses an electric vehicle electric
system experiment platform including AC asynchronous
motor and DC-DC converter.

Asthe largest motor and generator devices manufac-
turer in China s northwest district, Lanzhou Motor Fac-
tory suppliesexcellent generators, motors, generator sets
and control devicesto our electric vehicle industry.

3.2.2 Battery

Entrusted by 863 Plan Electric Vehicle Whole Group of
National Department of Science and Technology and
according to (2002 Electric Vehicle Important Special
Project High Power Battery Performance Test Criterion)
established by it ,the Northern 201 Institute and Tianjin
Power Source R&D Center made a concentrated test
evaluation on the NiMH and lithium ion power battery,
which were developed by Beijing I nstitute of Technol-
ogy, Beijing Colored Metal Study Head Institute and so
on. The experiment result showsthat through theimple-
mentation of 863 Project, China's battery study made
great achievements and laid the foundations for China's
electric vehicleindustry’s devel opment.

3.2.3 Multi-energy management and whole vehicle
control

The overall network comprehensive control and energy
management is one of the key technologies of electric
vehicleindustridization. It mainly solvestwo problems:
one is how to manage the electric vehicle'slimited en-
ergy most effectively and realize the minimum efficiency
of the el ectric vehicle; the other is how to solve the prob-
lems during the electric vehicle's operation, such asfail-
ure diagnosis, high voltage safety, and enhancing the
electric vehicle'sreliability.

To solve the above two problems, comprehensive net-
work system structure made up of alocal management
system, awhole vehicle information management sys-
tem and a communi cation extending interface was em-
ployed and the electric vehicle's synthetic control was
achieved successfully.

The battery management system is part of the vehicle
information communication system and the basis of solv-
ing the electric vehicle's charging safety, use safety and
increasing the range. Because the number of batteries
on most electric vehiclesis large, the batteries adopt
group use and management modes. So the emphasis of
battery management is devel oping battery management

module. Thewholevehicle'sdynamicsmodel, battery’s
energy model, motor’s energy model, air conditioner’s
energy model and road status model are constructed
according to large amounts of experiment dataand simu-
lation study. According to material traffic line, the range
can be forecasted.

3.3 Demonstration testing base and standardization
demonstration area construction

The Nationa Electric Vehicle Experimentation and Dem-
onstration Zone was put into practice normally on June
9, 1998. The specia zone has finished tasks such as
discussing the social condition and supporting the envi-
ronment by promoting and applying electric vehiclesin
China. It also carries on experimentswith partnersfrom
abroad and suppliesthe base of decision madefor China
to develop electric vehicles. Hybrid electric vehicles
should be the emphasis to devel op.

The Beijing 121 electric bus has been in good status
since July 2001. Itstotal rangeis over 60,000km. At
the end of thisyear, Beijing will put 20 electric buses on
the road for demonstrationin all.

To study green Olympic sportstraffic project’s feasibil-
ity and implementation methods, Beijing City established
Miyun electric vehicle demonstration areain Miyun,
Beijing. Beijing management center of electric vehicle
demonstration operation was established and it isin
charge of the ared's daily management work. It manu-
factures the electric vehicle in the area then promotes it
to the 2008 Olympic Game.

On March 27, 2003, the fuel cell bus commercialized
demonstration item (Beijing and Shanghai) was initi-
ated in Beijing. Fuel cell bus system technology targets
will be designed according to Beijing and Shanghai’s
zones and resource characteristics. And global bidding
and hydrogen-gassing station will be built for 12 fuel
cell buses. The planned total range is 1,600,000km.

3.4 I mprovement of the standard system

At present, aimed at pure electric vehicles, the follow-
ing recommended standards are publicized: safety re-
quirements ((1) electric vehicle safety requirementsthe
first part :on board energy storage set, (2) electric ve-
hicle safety requirementsthe second part: function safety
and failure protection, (3) electric vehicle safety require-
mentsthe third part: personnel e ectric shock), charging
system (the joint requirement of electric vehicle with
AC/DC power, electric vehicleAC/DC charging machine
(station) and so on. Aimed at hybrid electric vehicles,
some standards and statutes have been audited and are
expected to be the recommended standard to be imple-
mented in the first half of next year.
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3.5 The construction of test bases

In thefirst term of 863 electric vehicle specia project’s
sub item, alarge sum of money was given to Beijing
Northern Vehicle Ingtitute and Tianjin Power Test Cen-
ter for support and related devices were purchased, in-
stalled and debugged. And the battery samples were
tested.

To overcome the deficiency of current electric vehicle
electric drive test technology, national 863 established
electric vehicle motor and control system test base
wholly. Beijing Institute of Technology undertook the
above work. Adopting modularized design method and
providing a kind of experiment measurment sets per-
form electric vehicle electric drive tests. Thetest sys-
tem can simulate the drive forcesincluding vehicle'sin-
ertiaand could implement el ectric vehicleelectric drive’s
complete performance test and evaluation.

Theloading devices adopt el ectric backset dynameters,
mechanical dynameters, mechanical inertia and brake
mechanism are in series, of which mechanical
dynameters, mechanical inertia and brake mechanism
are united to be one.
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