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Abstract Wide spreading of electric vehicles ( EVs ) is anticipated to reduce the
emission of carbon di—oxide in traffic use. But, many factors affect the wide
spreading of EVs. How to manage battery charging / discharging is not only
imp(irtant to get higher energy efficiency but also important to get longer bat—
tery life.

Following devices and methods are developed to clarify the adequate
charging procedure to get high charging efficiency and managing procedure to
get longer battery life.

State of charge indicator have been made and was tested with the bat—
tery installed in the charge/discharge simulator. Universal charger has also
been developed to discuss the charging algorithm suitable for every EVs.
Unbalance of battery in battery blocks are also discussed.
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1. Introduction

Recently, as environmental problems such as air pollution in urban areas, acid rain
and global warming are becoming a world-wide problem, great interest is focused on devel-
opment and practical application of Electric Vehicles(EVs) as a substitution of internal
combustion engine vehicles (ICEVs). Especially, zero—emission vehicle raw in California
acts as a accelerator for EVs development.

The performance of EVs is gradually being improved through the adoption of techni-
cal improvements in batteries, motors, controllers and other components. Traction system
including motor and controller has been improved steadily in various EV development pro—
grams. As for traction system technology, development step in present situation is close to
just before commercialization steps. '

To the contrary, improvement in specific energy of conventional battery has been
hardly made. Moreover, absolute value of specific energy of battery is very small comparing
with that of gasoline. One of the biggest barrier for EVs is its short range. One another
hidden barrier is "how to use the traction battery block” which affects efficiency of traction
battery.

2. Background of EVs

Energy density of conventional batteries such as lead-acid batteries or Ni-Cd batteries
is about 40 to 60Wh/kg and that of gasoline is about 13,800 Wh/kgV. So. it is difficult for
electric vehicle to achieve enough range, and its natural that vehicle weight of EVs are 50%
up of conventional vehicles. To improve the range is one of the most important Item for
electric vehicle.

Figure 1 shows economic efficiency of EVs and ICEVs in Japan. Each cost are calcu-
lated based on actual vehicle operating data.
A micro van, which is most popular type of EVs in Japan is compared with the same type
ICEVs. Comparison is based on following conditions: At first, vehicles are replaced every 6
years, because of business use. Running distance of ICEVs is assumed to be equal to running
distance of EVs.

Due to tax condition in Japan, payment for gasoline is near 3 times of that for electrici-
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ty. As for as EVS, vehicle
and charger are initial
cost. As batteries are
replaced every 2 years,
one unit of battery is ini—
tial cost and two units
should be calculated as
running cost.

Mass production
effect has possibility to
decrease the vehicle cost.
But battery cost as replace
parts increases running
cost of EVs. This fact is
one of the reason why no
EVs are used commonly.

Although rated life
of the battery is S00cycles,
batteries are replaced
every 2 years or less dura-
tion due to reduction in
capacity. 500 cycles are a
life of battery, and not a
life of battery blocks. In
fact, some report says that
life cycle of some traction
battery block is below 200
cycles in spite of long
rated life of battery.

3. State of charge indicator

Cost (100 Yen / 6 Years)

4

EVs
bC T P /
A DOy AR

Charger

BERES! N A % x Battery

// _-Electricity

/Manntenance

Fig. 1 Comparison of Cycle Cost of EVs and ICEVs

Due to the limited range of EVs, remained quantity of battery energy is important for
user to operate a EVs. Many study on "State of charge” indicator have been conducted by
many researcher. But there is no indicator with enough accuracy for practical application.
State of charger indicator have been developed and was tested by the battery which was in—
stalled in the charge/discharge simulator.

Block diagram of the State of charge indicator is shown in Fig.2. Terminal voltage of
battery block, current of battery temperature is fed to CPU via DA converter. Level of state
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Fig. 2 Block diagram of State of Charge Indicator
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of charge is estimated by referring the discharge current v.s. voltage characteristics of the
battery. This estimating method is well known and very common method. But, the estimated
value has much dispersion, and has some deviation in certain occasions. Developed indicator
holds certain succeeding data of terminal voltage and current data pairs, and omit some pair
data under the certain conditions. Average value of open circuit voltage of battery and inter—
nal registanse of battery are calculated by the data mentioned above. The data pairs held for
caliculation are renewed by first—in first—out manner.

4. General purpose charger with high efficiency
Usually, EVs have a
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operates in low charging power. In this period, energy spent by charger itself is not negligible
small. This problem is solved by switching over to mini changer when charging current
decreases. Block diagram of the charger is shown in Fig.3.

5. Unbalance in traction battery block

Some decrease in life cycle is caused by heat damage of batteries, such as quick
charge. And some decrease in life cycle may be caused by unbalance in characteristics of
batteries or unbalance of battery temperature. Unbalance in battery temperature is often oc—
curred in battery blocks installed in actual vehicle.

Effect of unbalance temperature on battery life has been studied. Figure 4 shows the
block diagram of test rig. Same type batteries are installed 2 water bath. One is set 30°C, the
other is set 40°C. Charging and discharging is repeated automatically. Charge is done assum—
ing that battery block temperature is 35°C. Discharge process is terminated when terminal
voltage of either battery falls to determined voltage.

Tendency of capacity
variation is shown in figure 5.

Below 20 cycles, battery in high
temperature is good in capacity.
But after 20 cycles, capacity of 100
battery in high temperature 1~3 30°C

decrease in high rate. So, S
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unbalance in temperature causes
unbalance in capacity.

If unbalance in capacity
is occurred in traction battery
block by some reason, conven-
tional charging process leads
battery block to be damaged. 0
Conventional charger is con— 0 50 100
trolled by terminal voltage of NUMBER OF CYCLE
battery block and not by termi-
nal voltage of each battery. )

This is an another problem Fig.5 Effect of Temperafure on apacity
which shorten the battery life

cycles. Study on this problem is

scheduled next succeeding 3 years.
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6. Discussion

One of the biggest barriers for EVs may still be traction battery. But no one knows the
possibility of traction battery with enough ability. We must discuss application of EVs with
existent battery. And we must discuss how to optimize the energy consumption of whole EV
system.

To apply EVs with conventional battery as traffic system, application technique of
battery is one of the main barrier. Firstly, we must discuss following two procedures to solve
the problem.

1) It is important to make a procedure to use whole ability of conventional battery.

2) Energy losses to be produced in charge/discharge process is significantly large , so it is
important to make a procedure by which every one obtain optimal changing/ discharging
conditions.
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