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Fuel consumption criteria stipulated by the state is that, to 2020,
passenger cars should reach the average fuel up to 5.0 L per
hundred kilometers. If companies do not turn to the energy saving
and electric vehicles, the goal can not be obtained. Three
technologies: electric battery, motor, electric control in the electric
car are necessary. The motor industry should be developed to

strengthen electric cars.

Long-term strategy to develop pure electric vehicles

In the industrialization of electric vehicles, the first is the passenger
bus, then the sedan. In this year, other small cars will emerge.
China has three areas more suitable for development of electric
cars. The first is the commercial vehicle which is represented by the
passenger bus. The passenger has the world's largest production
scale. The second is the small car in which China is predominated
by brands A or AO or below. The third is the special car, including in
sanitation, logistics, office and etc.

Electric cars include pure electric vehicles, fuel cell vehicles, plug-

in hybrids and range-extended electric vehicles. Non-plug-in
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electric cars belong to energy—saving motor vehicles. Plug—in hybrid
electric vehicles are different from range-extended electric cars in
which the plug-in hybrid cars mainly use oil and supplementarily use
electricity and under the pure electric mode they can run 20 to 60 km.
Range-extended electric cars under the pure electric mode can run
50-80 km in which priority is given to electricity.

China's long—term strategy is to develop pure electric vehicles.
Now the problems as to energy security, environmental protection,
car power transformation and upgrading, and so on are more
urgent than before. The government is more definitive than before

as to the attitude to promote electric vehicles.

Motor system is restricted

Automobile is a special kind of product, especially a family car. In it
the space is very important, since it is required to be highly dense,
smaller and lightweight. The motor should be highly efficient and
adaptable.

Low speed high torque and constant power plus high speed. When

the vehicle starts and runs, it requires a high torque. At high speed

CHINA ELECTRIC VEHICLE 55




MH{\}
EDREAM

w No Emission

‘ﬁﬂgtﬁéu

ENBERSRE, SRETHEBHTENRG S ; B
MEEMRSHEZFRA, FERENIEEREE,

EFRIAESSENENATENE. WAL, BEM
ERRE. BTEWRIEXINENSERE, BHE
THRRSIAR. AHR. Ke2Z2. BRETARESHE
To ZHBYMIENFRERMFNER, FEHTHE. &
E. BREET.

RRESKEE, EVHANSRBRERI[IER
BB ULUNEERRZ—,

HNERXER=EXER

B AERENMTREN, REERENTES
FHE—EEEEHNEL, XAV ENSSENTELER
EEMBEED BY, AHEASEHE BB EERD
B EREL .

ERIRRES, N EARDENERRS, X
RESHEABNRENEARRRESS, EHL. K
N

SR BHSEIVAR, BHSEEBN LR,
ERABERRRNNRAE, SNATEENES—4
fh; ZBEENERTA—, BENERETHE.

KBk AMENERENEERES, BENXK
B, DEEHS. TEMHENETEPNRS. RELXE
B IREN S R AT MRS

BRL . BHEGHEFURERHRARREH SR
B, BEBAETELISH B TR BHSNER
EHXSE, RNREIMKINEZELGR, BH—K2
FlIGBTHI R AR AL,

EE 411, B Rl 3 AR e 4 IR

56 CHINA ELECTRIC VEHICLE

runtime, it can be at the constant power output. There is a large
difference between the basic speed and the highest speed, and it
is necessary to have a wide speed range to adjust.

The working condition being poor has high requirements as to
reliability, durability, adaptability of driving motors. Poor
conditions include high temperature of engine room, vehicular
vibration, motor vibration, dust, and high humidity change so forth.
Vehicle motor must adapt to the requirement of environmental
conditions, so that it can be reliable, stable and safe in operation.
Low noise and low cost. Motor cost is one of the important factors

that determine whether electric cars can be industrialized.

Main types and three technologies

Motor can be divided into dc and ac motor. The dc motor is mainly
used now in some electric vehicles at low speed. AC induction
motor is mainly used as a traction motor in electric passenger
buses. The permanent magnet synchronous motor is the
mainstream driving motor of electric vehicles.

Vehicle condition being very bad proposes a high requirement for
the vehicle drive motor, and this leads to three technology
development trends in the automotive motor system: integration,
permanent magnetization, digitalization.

Integration: Motor and engine combined, and motor—gearbox

combined. In the hybrid and plug-in hybrid passenger cars, motors
and gearboxes are fully integrate. In this regard, the passenger car is
different in requirements which are lower than sedans.

Permanent magnetization: Permanent magnet motor’ s power
density and torque density are high. Advantages include high
efficiency, high power factor, high reliability and easy to maintain.
Using the vector control drive control system can achieve a wide
speed range for adjustment.

Digitalization: Digitalization in the control system is the inevitable
developing trend for electric drive technology. The controller
mainly refers to the power electronic assembly. The integration of
the controller is higher and higher. The difference between our
country and foreign ones mainly is in the volume. China’ s makers

uses IGBT module in integration.

Motor development present situation and development

The technical index of the drive basically has no gap when
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compared with foreign countries. Power density of the motor can
reach 2.68 KW/KG. The high efficient area further broadens for the
motor system. The system’ s highest efficiency is more than 94%.
But technology still faces challenges. Reliability and
environmental adaptability evaluation is not yet sufficient. And
DC/AC and DC/DC power electronic assemblies are large in
volume. Manufacturing process technology needs to be improved.
Key electrical and electronic components’ processing equipment,
testing equipment, and key production equipment and instrument
depend on imports. The cost accounts for almost half of the
controller. At present, there are companies begin to develop them.
The upstream industry chain has not yet fully formed. The quality
hasn't completely satisfied the requirement of the automobile

industry.

Motor industry’ stechnology to improve

Current, motor industry needs to focus on strengthening the
following technologies:

First is universal modular technology for reduction of industry
research and development costs. Second is to strengthen
mechanical and electrical coupling design and integration so as to
improve the vehicle performance. Third is to strengthen the
universal technology research and establish effective technical
indicators and evaluation systems. Fourth is to strengthen the
research and application for the reliability, durability and
environmental adaptability tech. Fifth is to combine national major
projects to develop key equipment.

That the motor is very important to electric cars is indisputable.
Tesla car is very attractive: hundreds of kilometers acceleration
only four seconds. Accelerating time is related to the motor power.
Domestic electric car motor is usually below 50KW, while Tesla is
about 200 KW. When the power is high, then acceleration will be

quick. The better the motor, the better the electric vehicle.
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Tesla as a pure electric car brand officially enters China as a tornado.

Tesla announced on the official website that its ModelS was priced at
734000 yuan in China, and showed the pricing formula. This is far
lower than the expected price being over 1 million yuan.

May 28, 2013, Tesla announced it had fully repaid loans by the U.S.
department of energy, and it would boost the charging network
expansion. Tesla rapidly attracted attention. In NASDAQ, its stock
price was over the $100 mark and rose to $110.33. Tesla's earnings in
the fourth quarter of 2013 were much better than market expectations.
February 19, 2014, Its stock price hit a new record of $224.

Superior performance experience and high performance-cost ratio
enable Tesla to become the most fashionable as an electric car
brand in 2013. It has been hailed as the Apple in the car industry. In
the past, the battery technology was limited, so the electric car
couldn't completely replace fuel vehicles. Itis likely that Tesla finds
atechnical road that is environmentally friendly.

EV performance

After the release of Tesla’ s first—quarter financial report in 2013
earnings, its electric cars were given 99 points in evaluation by the
authoritative magazine — Consumer Report. Different from common
electric cars in the market, its products are high technical and well
balanced between the energy industry and the IT industry. Popular model
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— Model S car is equipped with a 17-inch touch screen and 2 USB ports.
According to Consumer Report, driving this vehicle likes the use of iPad.
Prices are a problem. Without government subsidies, electric cars
are difficult to obtain market effects, which is Achilles' heel. Tesla
achieves a breakthrough in this respect. In North America, Tesla
Model S is priced around $70000, and buyers can get about $10000
in tax rebates. So, it price is actually $60000 or 380000 RMB yuan. In
China, the exclusively mature new energy car — E6 is priced at about
370000 RMB yuan. This price is comparable to that of Model S.
However, in terms of configuration, Model S is only 4.4s per 100
kilometers in acceleration, E6 10s; Model S is 422 in max power, E6
122; Model S is 600 N.m in peak torque, and E6 450. Under the
similar price, the difference is large in performance. Therefore,
Model S has superior performance setting off a storm in the market.
The constant pursuit of better performance leads to Tesla's success.
Its car can drive more than 350km as the first pure electric car in the
world after a charge to lithium battery. In 2009, its sports car broke
the world record of driving 501 km after a charge to the battery. Its
acceleration from static state to 100km/h is just about 4.4 seconds.

In 2013, Tesla delivered 22477 cars, and is expected to deliver
more than 35000 car in 2014, that is, its sale growth will be around 55%.
In the first quarter of 2014, the Model S output will reach 7400 units. In
the first half of 2014, the battery problem will continue to limit electric
car production, but in the second half, the problem will be improved
significantly. Tesla currently hold total cash that grows to $846 million.
Tesla's first Model S cars are ready for China. Now, Beijing
becomes the largest and most active retail location in the world.
Tesla's founder and CEO Musk said, "For many years, almost all
people think electric car production is a stupid and crazy task. It
may be the most stupid decision to enter the electric vehicle
market." But now, Tesla has harvested a batch of star users,
becoming one of the most eagerly awaited technology companies.

Battery technology is rather special
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Tesla's star model — Model S is a champion of 2013 in North
American in sales of luxury cars. This success is due to the
unremitting purse of battery tech and its breakthrough.

In order to make electric cars more practical, Tesla strives to
shorten the charging time. The time to fully charge the battery is
shortened to the extent at which it is similar to fueling time. This success
is due to its battery pack and special battery management system.
Capacity of this battery is 3—fold that in the traditional EV battery.

Tesla is currently the only car maker using 18650 type cobalt acid
lithium ion battery. This battery technology previously was
considered as old and not appeal. In the early 1970s, Ms.
Whittingham invented 18650 battery. It was often used in notebook
computers, and other digital products. This battery thatis 18 mm in
diameter and 65 mm in height and cylindrical in shape is used in the
electric car by Tesla for the first time.

Atfirst, Tesla had a trial use with more than 300 kinds of batteries on
the market, including flat and square batteries. Finally, it chooses

18650 cobalt acid lithium ion battery from Panasonic. The reason is
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that this battery has the following advantages: high and stabel
energy density, good consistency, low cost in battery system, large
production size, high safety, small size, and good control. Even one
unitin the battery pack fails, the impact from this can be reduced.
Ittakes 4 year to change from Roadster Model to Model S. During this period,
the battery pack cost has dropped by about 44%, and continues to decline.
18650 battery is low in safety coefficient and poor in thermal and
electrical properties. The solution in Tesla is to connect many
18650 type batteries in series and parallel. Driving a car electric
car needs a lot of energy. In a Tesla Roadster car, the battery
system contains 6831 small cells, and in Model S, 8000. How to
arrange these cells is a key.

Tesla uses the network control program in the battery system. After the
experiment and design for 1 year, the hierarchical management method is
successfulin controlling the voltage and temperature of these small cells.
69 type 18650 batteries are connected in parallel into a brick, 99
bricks connected in series into a sheet, 11 sheets packaged into a
battery pack. Moreover, each level should be monitored. Each
battery unit, each brick, and each sheet should be equipped with a
fuse, respectively. Once battery is too hot or current is too large,
the fuse will break at once leading to the disconnected output.

In each battery sheet, a battery monitoring board is equipped to
monitor the voltage and temperature in each battery brick and the
outputvoltage in the entire battery sheet. In the entire battery pack,
a battery system monitor is equipped to monitor the entire
environment, including current, voltage, temperature, humidity,
direction, smoke and so forth. In the vehicle, a vehicle system
monitor is equipped to monitor the BSM.

Such a battery control system is Tesla's core technology. When
Tesla first announced this set of system being expensive, it almost
became a laughing stock. Some people from the industry believed
that it was very stupid that about 10000 small batteries were placed
in a car. But the fact gave a strong response. Chevrolet Volt caught
a fire and Fisker Karma caught a fire for three times in a year. In
contrast, whether in Roadster or Model S, no fire occurred.
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