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METHOD FOR CHARGING A BATTERY PACK 
INCLUDING A PLURALITY OF BATTERY UNITS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
charging a battery pack used as a poWer supply for an 
electric motor of a hybrid vehicle, or the like, Which uses 
both an electric motor and an internal combustion engine 
together as an actuator of the vehicle. 

[0003] 2. Description of the Related Art 

[0004] In a hybrid vehicle Which uses both an electric 
motor and an internal combustion engine together as an 
actuator of the vehicle, a battery pack including a plurality 
of battery units is used as a poWer supply for the electric 
motor. Such a battery pack needs to be contained in a limited 
space in the vehicle, and therefore, it is necessary to decrease 
the siZe and Weight of the battery pack. To this end, a thin, 
plane square-shaped battery unit has been developed. This 
square-shaped battery unit is formed by thin and holloW 
rectangular parallelepiped container made of plastic Which 
contains electrolyte and an electrode plate group immersed 
in the electrolyte in the container. Furthermore, this battery 
unit has a safety vent for regulating the pressure in the 
battery unit. 

[0005] When the internal pressure of the battery unit 
begins to increase, the safety vent is activated for releasing 
the pressure in the container. HoWever, When the internal 
pressure of the battery unit further increases after the safety 
vent has been activated, the container may be damaged 
because it is made of plastic. 

[0006] For example, the internal pressure of the battery 
unit increases When the battery unit is overcharged/overdis 
charged, or When the gas absorption capacity of the battery 
unit is decreased due to loW temperature. 

[0007] Further, in a hybrid vehicle, the temperature, volt 
age, current, etc., are measured for each of the battery units 
Which form the battery pack so as to estimate the remaining 
battery capacity (SOC: State Of Charge) of the battery unit; 
based on the estimated value of the remaining battery 
capacity, the amount of electric poWer Which can be added 
into/extracted from the battery pack (i.e., a chargeable/ 
dischargeable range of the battery pack) is calculated; and 
the battery pack is used such that the electric poWer is added 
into/extracted from the battery pack Within the chargeable/ 
dischargeable range of the battery pack. In such a control 
system, for example, charging/discharging of the battery 
pack is restricted according to the battery temperature, the 
remaining battery capacity, etc. So long as use of the battery 
pack is restricted Within the chargeable/dischargeable range 
of the battery pack, it is possible to eliminate the possibility 
of the supply of electric poWer from the battery pack 
suddenly stopping due to a decrease in the remaining battery 
capacity (SOC), etc. Thus, improved poWer performance of 
the hybrid motor vehicle can be achieved. For example, an 
uncomfortable feeling of a driver of the vehicle can be 
eliminated, and the drivable distance of the vehicle can be 
extended. 

[0008] In the case Where a battery pack including a 
plurality of battery units is used as a poWer supply for a 
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hybrid vehicle, an electric current is consumed, i.e., the 
battery pack is discharged While the vehicle is running, 
Whereby the amount of storage in the battery pack is 
decreased. When electric poWer is extracted from the battery 
pack, the electric poWer is not extracted equally from the 
respective battery units. That is, after the electric current has 
been consumed, the amount of storage differs among the 
respective battery units. The battery pack With decreased 
electric poWer is charged With a constant current such that 
the respective battery units are uniformly charged so as to 
supposedly have the same amount of storage. In this uniform 
charging process, the battery pack is charged With a constant 
current so that each of the battery units is overcharged. 

[0009] The internal pressure of the battery unit Which is 
being charged begins to linearly increase at the time around 
When or immediately after the full charge point is reached. 
When the uniform charging is performed on the battery 
pack, each of the battery units is overcharged such that the 
internal pressure of each battery unit increases to a level at 
Which a safety vent is activated for preventing an increase in 
the internal pressure of each battery unit. Further, When 
charging is continued, the internal pressure may increase to 
a level at Which the pressure endurance limit of the container 
is reached. Speci?cally, in a square-shaped battery made of 
plastic, there is a high possibility that an increase in the 
internal pressure of the battery unit causes the pressure 
endurance limit of the container to be reached. 

[0010] In a conventional battery pack, the input/output 
electric poWer (the electric poWer Which is added into/ 
extracted from the battery pack) is calculated by estimating 
the remaining battery capacity (SOC). HoWever, in this 
calculation process, the increase in the internal pressure of 
the battery pack is not considered. Thus, Whether or not the 
internal pressure of the battery pack is increased cannot be 
determined by only estimating the remaining battery capac 
ity (SOC). As a result, an increase in the internal pressure 
may cause the pressure endurance limit of the container to 
be reached. 

SUMMARY OF THE INVENTION 

[0011] According to one aspect of the present invention, a 
method for charging a battery pack including a plurality of 
battery units includes: a ?rst step of charging the battery 
units With a ?rst electric current at a ?rst rate until an internal 
pressure of at least one of the plurality of battery units begins 
to increase; and a second step of charging/discharging the 
battery units With a second electric current Which is loWer 
than the ?rst electric current at a second rate Which is loWer 
than the ?rst rate after the internal pressure of the at least one 
of the plurality of battery units has begun to increase. 

[0012] In one embodiment of the present invention, the 
second step includes steps of: charging the battery units; and 
suspending the charging/discharging of the battery units. 

[0013] In another embodiment of the present invention, 
the second step includes steps of: charging the battery units; 
and discharging the battery units. 
[0014] In still another embodiment of the present inven 
tion, the second step includes steps of: charging the battery 
units; discharging the battery units; and suspending the 
charging/discharging of the battery units. 
[0015] In still another embodiment of the present inven 
tion, the ?rst rate is 1.6-3.0 C, and the second rate is 0.3-1.5 
C. 
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[0016] According to another aspect of the present inven 
tion, a method for preventing an increase in an internal 
pressure of a battery pack including a plurality of battery 
units includes steps of: detecting a temperature of at least 
one of the battery units; estimating an internal pressure of 
the at least one of the battery units; determining, based on 
the detected temperature of the at least one of the battery 
units and the estimated internal pressure of the at least one 
of the battery units, Whether or not there is a possibility that 
a container of the battery unit Will reach a pressure endur 
ance limit thereof: and restricting charging/discharging of 
the battery pack by performing the second step recited in 
claim 1 When it is determined that there is a possibility that 
the container reaches the pressure endurance limit thereof. 

[0017] In one embodiment of the present invention, the 
determination of Whether or not there is a possibility that the 
container Will reach the pressure endurance limit thereof is 
performed using a map Which represents the pressure endur 
ance limit Which has been previously determined. 

[0018] In still another embodiment of the present inven 
tion, the estimation of the internal pressure of the at least one 
of the battery units is performed based on a remaining 
battery capacity (SOC) of the at least one of the battery units, 
the temperature of the at least one of the battery units, and 
an amount of charged/discharged electric current to/from the 
at least one of the battery units. 

[0019] In still another embodiment of the present inven 
tion, the remaining battery capacity (SOC) of the at least one 
of the battery units is calculated based on a voltage of the at 
least one of the battery units, the amount of charged/ 
discharged electric current to/from the at least one of the 
battery units, and the temperature of the at least one of the 
battery units. 

[0020] Thus, the invention described herein makes pos 
sible the advantages of (1) providing a method for charging 
a battery pack Which effectively prevents the container from 
expanding or reaching the pressure endurance limit thereof 
When battery units included in the battery pack are over 
charged in a uniform charging process; and (2) providing a 
method for preventing an increase in the internal pressure of 
the battery pack by Which the container is prevented from 
reaching the pressure endurance limit thereof. 

[0021] These and other advantages of the present inven 
tion Will become apparent to those skilled in the art upon 
reading and understanding the folloWing detailed descrip 
tion With reference to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Part (a) of FIG. 1 is a graph illustrating a method 
for charging a battery pack according to the present inven 
tion. Part (b) of FIG. 1 is a graph illustrating the internal 
pressure of a battery unit included in the battery pack 
charged by the method shoWn in part (a). 

[0023] Part (a) of FIG. 2 is a graph illustrating a method 
for charging a battery pack according to the present inven 
tion. Part (b) of FIG. 2 is a graph illustrating the internal 
pressure of a battery unit included in the battery pack 
charged by the method shoWn in part (a). 

[0024] Part (a) of FIG. 3 is a graph illustrating a method 
for charging a battery pack according to the present inven 
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tion. Part (b) of FIG. 3 is a graph illustrating the internal 
pressure of a battery unit included in the battery pack 
charged by the method shoWn in part (a). 

[0025] Part (a) of FIG. 4 is a graph illustrating a method 
for charging a battery pack according to the present inven 
tion. Part (b) of FIG. 4 is a graph illustrating the internal 
pressure of a battery unit included in the battery pack 
charged by the method shoWn in part (a). 

[0026] Part (a) of FIG. 5 is a graph illustrating a method 
for charging a battery pack according to the present inven 
tion. Part (b) of FIG. 5 is a graph illustrating the internal 
pressure of a battery unit included in the battery pack 
charged by the method shoWn in part (a). 

[0027] Part (a) of FIG. 6 is a graph illustrating a method 
for charging a battery pack according to the present inven 
tion. Part (b) of FIG. 6 is a graph illustrating the internal 
pressure of a battery unit included in the battery pack 
charged by the method shoWn in part (a). 

[0028] FIG. 7 is a block diagram shoWing an arrangement 
of a device used to perform a method for charging the battery 
pack according to the present invention. 

[0029] FIG. 8 is a graph shoWing an eXample of the 
internal pressure characteristic Which is stored as a part of an 
internal pressure increase determination map for use in the 
device shoWn in FIG. 7. 

[0030] FIG. 9 is a graph shoWing an eXample of the 
pressure endurance characteristic of a container Which is 
stored as a part of an internal pressure increase determina 
tion map for use in the device shoWn in FIG. 7. 

[0031] FIG. 10 is a ?oWchart illustrating an operation of 
the device shoWn in FIG. 7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] Hereinafter, embodiments of the present invention 
Will be described With reference to the draWings. In the 
present speci?cation, the term “rate” means a “charging 
rate” or a “dischargingrate”. The term “battery unit” means 
a “battery cell” or a “unit battery formed by a single battery 
case having a pair of positive and negative terminals on its 
exterior and a plurality of battery cells contained Within the 
battery case”. 

[0033] Amethod for preventing an increase in the internal 
pressure of a battery pack according to the present invention 
is employed, for eXample, in the case of uniformly charging 
a battery pack including sealed nickel-hydrogen storage 
cells Which is used as a poWer supply for an electric motor 
of a hybrid vehicle. This uniform charging method is 
described With reference to the graphs shoWn in FIG. 1. 

[0034] When a battery pack is subjected to a uniform 
charging process, as a ?rst step, the battery pack is charged 
With a constant current at a rate of about 2 C until each of 
the battery units included in the battery pack reaches the 
remaining battery capacity (SOC) of 100% as shoWn by the 
solid line in part (a) of FIG. 1. In general, charging at a rate 
of about 2 C is performed for about 30 minutes. After the 
SOC reaches 100%, charging is continued for about another 
40 minutes at a relatively loW rate of about 0.3-1.5 C. 
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[0035] In this case, the internal pressure of each battery 
unit is substantially constant until the SOC reaches 100% as 
shoWn by the solid line in part (b) of FIG. 1. After the SOC 
has reached 100%, the internal pressure begins to increase. 
In this example, a charging rate is decreased from about 2 C 
to a loW rate of about 03-15 C after the SOC has reached 
100%. Thus, the internal pressure of each battery unit only 
increases sloWly. For comparison, an increase of the internal 
pressure When the battery pack is charged With only a 
constant current at a rate of 2 C is shoWn by the broken line 
in part (b) of FIG. 1. 

[0036] Alternatively, according to the present invention, 
for the purpose of surely preventing an increase in the 
internal pressure of each battery unit after the SOC has 
exceeded 100%, the charging of the battery pack at a rate of 
about 03-15 C may be stopped after a predetermined time 
period has elapsed as shoWn by the solid line in part (a) of 
FIG. 2. With such an arrangement, the possibility that the 
internal pressure of each battery unit increases after the 
charging has been stopped is eliminated as shoWn by the 
solid line in part (b) of FIG. 2. 

[0037] Alternatively, according to the present invention, 
for the purpose of reducing the internal pressure of each 
battery unit after the SOC has exceeded 100%, each battery 
unit may be discharged after the charging of the battery pack 
at a rate of about 03-15 C is performed for a predetermined 
time period as shoWn by the solid line in part (a) of FIG. 3. 
With such an arrangement, the internal pressure of each 
battery unit decreases after the discharging has been started 
as shoWn by the solid line in part (b) of FIG. 3. 

[0038] Alternatively, according to the present invention, 
after the battery pack is charged With a constant current at a 
rate of 2 C until the remaining battery capacity (SOC) 
reaches 100%, charging at a loW rate of about 0.3-1.5 C and 
a suspension of charging may be alternately repeated as 
shoWn in part (a) of FIG. 4. The charging at a loW rate and 
the suspension of charging are each performed for an 
appropriate time period of about 10 seconds to about 40 
minutes. In this case, after the SOC has exceeded 100%, the 
internal pressure of each battery unit is only increased 
sloWly by the charging at a loW rate of about 03-15 C as 
shoWn in part (b) of FIG. 4. Moreover, the internal pressure 
of each battery unit decreases during the suspension of 
charging. Thus, by alternately repeating the charging at a 
loW rate of about 03-15 C and the suspension of charging, 
an increase in the internal pressure of each battery unit is 
surely prevented. 

[0039] Alternatively, according to the present invention, 
after the battery pack is charged With a constant current at a 
rate of 2 C until the remaining battery capacity (SOC) 
reaches 100%, charging at a loW rate of about 03-15 C and 
discharging of the battery pack may be alternately repeated 
as shoWn in part (a) of FIG. 5. The charging at a loW rate 
and the discharging of the battery pack are each performed 
for an appropriate time period of about 10 seconds to about 
40 minutes. Naturally, the charging time should be set so as 
to be longer than the discharging time. In this case, after the 
SOC has exceeded 100%, the internal pressure of each 
battery unit is only increased sloWly by the charging at a loW 
rate of about 03-15 C as shoWn in part (b) of FIG. 5. 
Moreover, the internal pressure of each battery unit is surely 
reduced by discharging. Thus, by alternately repeating the 
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charging at a loW rate of about 03-15 C and the discharging, 
an increase in the internal pressure of each battery unit is 
surely prevented. 
[0040] Alternatively, according to the present invention, 
after the battery pack is charged With a constant current at a 
rate of 2 C until the remaining battery capacity (SOC) 
reaches 100%, charging at a loW rate of about 03-15 C, a 
suspension of charging, and discharging of the battery pack 
may be repeated in this order as shoWn in part (a) of FIG. 
6. The charging at a loW rate, the suspension of charging, and 
the discharging of the battery pack are each performed for an 
appropriate time period of about 10 seconds to about 40 
minutes. In this case, after the SOC has exceeded 100%, the 
internal pressure of each battery unit is only increased 
sloWly by the charging at a loW rate of about 03-15 C as 
shoWn in part (b) of FIG. 6. Moreover, the internal pressure 
of each battery unit decreases during the suspension of 
charging. Furthermore, the internal pressure of each battery 
unit is surely reduced by the discharging. Thus, by alter 
nately repeating the charging at a loW rate of about 03-15 
C, the suspension of charging, and the discharging of the 
battery pack, an increase in the internal pressure of each 
battery unit is surely prevented. 
[0041] The order of the charging at a loW rate of about 
03-15 C, the suspension of charging, and the discharging of 
the battery pack is not limited to the above order. The order 
of these three steps may be randomly changed. 

[0042] In the uniform charging method according to each 
of the above embodiments, the battery pack is charged at a 
rate of 2 C until the SOC reaches 100%. HoWever, according 
to the present invention, the battery pack may be charged at 
a rate different from 2 C. HoWever, When the battery pack is 
charged at a rate much higher than 2 C, the charging 
ef?ciency decreases While the internal pressure of each 
battery unit increases. When the battery pack is charged at 
a rate much loWer than 1.6 C, the charging time becomes 
longer. Such a long charging time is not suitable for a battery 
pack used as a poWer supply of an electrical motor of a 
hybrid vehicle or the like. Thus, a rate of about 2 C is 
preferable. Furthermore, after the remaining battery capacity 
(SOC) has reached 100%, the loWer the value of the charg 
ing rate that is set, the more strongly an increase in the 
internal pressure of each battery unit can be suppressed. 
HoWever, a loWer charging rate requires a longer charging 
time. Thus, a rate of about 0.3-1.6 C is preferable. 

[0043] As described above, according to the present 
invention, during the uniform charging process of a battery 
pack, an increase in the internal pressure of each battery unit 
included in the battery pack can be prevented. Thus, in the 
battery unit including a square- shaped container made of 
plastic, the need to release gas by opening a safety vent is 
prevented, and the lifetime of the battery pack is increased. 
Further, there is no possibility that the pressure endurance 
limit of the container is reached. Furthermore, in a battery 
pack formed by combining a plurality of battery units, each 
having a square-shaped container, an increase in the internal 
pressure of each battery unit is suppressed, Whereby expan 
sion of the container is suppressed. Therefore, it is not 
necessary to use parts having a high dimensional accuracy 
for binding the battery units, and accordingly, production 
costs are kept loW. 

[0044] FIG. 7 shoWs a schematic vieW of a device for 
preventing an increase in the internal pressure of a battery 
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pack. The device is used to perform a method for preventing 
an increase in the internal pressure of a battery pack accord 
ing to the present invention. This internal pressure increase 
prevention device is applied to a battery pack 10 formed by 
combining a plurality of battery units 11 each having a 
container made of plastic, and determines Whether or not the 
internal pressure of at least one of the battery units 11 is 
increased. The internal pressure increase prevention device 
includes: a voltage measurement section 12 for measuring 
the voltage of any of the battery units 11 included in the 
battery pack 10: an electric current measurement section 13 
for measuring the value of a charged/discharged electric 
current of the battery unit 11; a temperature measurement 
section 14 for measuring the temperature of a container of 
the battery unit 11; a remaining battery capacity calculation 
section 15; an internal pressure increase determination sec 
tion 16; an internal pressure increase determination map 17; 
and a charging/discharging restriction section 18. 

[0045] The remaining battery capacity calculation section 
15 receives outputs of the voltage measurement section 12, 
the electric current measurement section 13, and the tem 
perature measurement section 14. An output of the remain 
ing battery capacity calculation section 15 is supplied to the 
internal pressure increase determination section 16. Outputs 
of the electric current measurement section 13 and the 
temperature measurement section 14 are also supplied to the 
internal pressure increase determination section 16. The 
internal pressure increase determination section 16 deter 
mines, using the internal pressure increase determination 
map 17, Whether or not the internal pressure of the battery 
unit 11 is increased, and outputs a result signal to the 
charging/discharging restriction section 18. The charging/ 
discharging restriction section 18 restricts charging/dis 
charging of the battery pack 10 based on the result signal 
from the internal pressure increase determination section 16. 

[0046] Data of the internal pressure characteristic and data 
of the pressure endurance characteristic of a plastic con 
tainer are previously obtained for various types of battery 
units and recorded as the internal pressure increase deter 
mination map 17. In general, the internal pressure charac 
teristic of a battery unit is determined by the remaining 
battery capacity (SOC), the battery temperature, and the 
value of a charged/discharged electric current as generally 
shoWn by the curves in FIG. 8. As seen from the internal 
pressure characteristic of the battery unit shoWn in FIG. 8, 
the internal pressure of the battery unit is relatively loW 
When the remaining battery capacity of the battery unit is 
about 20-80%. Moreover, as the temperature or the electric 
current value increases, the internal pressure of the battery 
unit increases over a Wide remaining battery capacity range. 

[0047] In a battery unit 11 Which has a plastic container, 
the pressure endurance characteristic of the plastic container 
is determined by the internal pressure and the temperature of 
the battery unit 11 (i.e., the temperature of the container of 
the battery unit 11) as generally shoWn by the curve in FIG. 
9. As seen from the characteristic shoWn in FIG. 9, so long 
as the temperature is in the range of about 20-60° C., even 
When the internal pressure increases, there is only a small 
possibility that the pressure endurance limit of the container 
is reached. HoWever, in a temperature range exceeding 60° 
C., as the temperature increases, the pressure endurance 
limit of the container sloWly decreases, and accordingly, the 
pressure endurance limit is reached With a loWer internal 
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pressure. Similarly, as the temperature decreases from 20° 
C., the pressure endurance limit decreases. 

[0048] The graph Which represents the internal pressure 
characteristic of the battery unit shoWn in FIG. 8 and the 
graph Which represents the pressure endurance characteristic 
of the container shoWn in FIG. 9 are recorded as the internal 
pressure increase determination map 17 in the internal 
pressure increase determination section 16 (FIG. 7). 

[0049] FIG. 10 is a ?oWchart illustrating an operation of 
the internal pressure increase prevention device having the 
above-described structure shoWn in FIG. 7. For eXample, 
When the battery pack 10 is subjected to a uniform charging 
process, the internal pressure increase prevention device 
measures the voltage, electric current, and temperature of a 
selected battery unit 11 With the voltage measurement sec 
tion 12, the electric current measurement section 13, and the 
temperature measurement section 14, respectively (Step S1). 
The measured voltage, current and temperature of the bat 
tery unit 11 are supplied to the remaining battery capacity 
calculation section 15. The remaining battery capacity cal 
culation section 15 calculates the remaining battery capacity 
of the battery unit 11 based on the measured voltage, current 
and temperature of the battery unit 11 (Step S2). 

[0050] The remaining battery capacity of the battery unit 
11 calculated by the remaining battery capacity calculation 
section 15 is supplied to the internal pressure increase 
determination section 16. The value of an electric current of 
the battery unit 11 measured by the electric current mea 
surement section 13 and the value of the temperature of the 
battery unit 11 measured by the temperature measurement 
section 14 are also supplied to the internal pressure increase 
determination section 16. The internal pressure increase 
determination section 16 estimates the internal pressure of 
the battery unit 11 based on the calculated remaining battery 
capacity of the battery unit 11, the measured current value 
and temperature of the battery unit 11, and the internal 
pressure increase determination map 17 (Step S3). 

[0051] Speci?cally, the internal pressure increase determi 
nation section 16 estimates the internal pressure of the 
battery unit 11 from the graph of FIG. 8 illustrating the 
internal pressure characteristic of the battery unit 11 based 
on the remaining battery capacity of the battery unit 11 and 
the current value and the temperature of the battery unit 11. 
Then, the internal pressure increase determination section 16 
determines Whether or not the pressure endurance limit of a 
container of the measured battery unit 11 has been reached 
from the graph of FIG. 9 illustrating the pressure endurance 
characteristic of the container of the battery unit 11 based on 
the estimated internal pressure and the measured tempera 
ture of the battery unit 11 (Step S4). 

[0052] When the internal pressure of the battery unit 11 is 
sufficiently beloW the pressure endurance limit of the con 
tainer of the battery unit 11 (NO at step S4), normal 
charging/discharging of the battery pack 10 is performed 
(Step S5). HoWever, When the internal pressure of the 
battery unit 11 is beloW but in the vicinity of the pressure 
endurance limit of the container of the battery unit 11 (YES 
at step S4), the internal pressure increase determination 
section 16 determines that the internal pressure of the battery 
unit 11 is high and that the pressure endurance limit of the 
container may be reached, and outputs a result signal Which 
informs the determination result to the charging/discharging 
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restriction section 18. In response to the result signal, the 
charging/discharging restriction section 18 restricts the 
charging/discharging of the battery pack 10 (Step S6). In this 
Way, an increase in the internal pressure of all of the battery 
units 11 included in the battery pack 10 can be prevented, 
and accordingly, the container of each battery unit 11 is 
prevented from reaching the pressure endurance lirnit 
thereof. 

[0053] As described hereinabove, When a battery pack is 
subjected to a uniform charging process, the method for 
charging a battery pack according to the present invention 
can prevent an increase in the internal pressure of battery 
units included in the battery pack. Thus, a container of each 
battery unit can be prevented from reaching the pressure 
endurance lirnit thereof. Moreover, the present invention 
does not require an expensive and precise internal pressure 
sensor or the like. Thus, the internal pressure increase 
prevention device can be achieved at a loW production cost 
While the reliability of the device is improved. 

[0054] Various other rnodi?cations Will be apparent to and 
can be readily made by those skilled in the art Without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth 
herein, but rather that the claims be broadly construed. 

What is claimed is: 
1. A method for charging a battery pack including a 

plurality of battery units, comprising: 

a ?rst step of charging the battery units With a ?rst electric 
current at a ?rst rate until an internal pressure of at least 
one of the plurality of battery units begins to increase; 
and 

a second step of charging/discharging the battery units 
With a second electric current Which is loWer than the 
?rst electric current at a second rate Which is loWer than 
the ?rst rate after the internal pressure of the at least one 
of the plurality of battery units has begun to increase. 

2. A method for charging a battery pack including a 
plurality of battery units according to claim 1, Wherein the 
second step includes steps of: 

charging the battery units; and 

suspending the charging/discharging of the battery units. 
3. A method for charging a battery pack including a 

plurality of battery units according to claim 1, Wherein the 
second step includes steps of: 

charging the battery units; and 

discharging the battery units. 
4. A method for charging a battery pack including a 

plurality of battery units according to claim 1, Wherein the 
second step includes steps of: 
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charging the battery units; 

discharging the battery units: and suspending the charg 
ing/discharging of the battery units. 

5. A method for charging a battery pack including a 
plurality of battery units according to claim 1, Wherein the 
?rst rate is 1.6-3.0 C, and the second rate is 0.3-1.5 C. 

6. A method for preventing an increase in an internal 
pressure of a battery pack including a plurality of battery 
units, comprising steps of: 

detecting a temperature of at least one of the battery units; 

estirnating an internal pressure of the at least one of the 

battery units; 

deterrnining, based on the detected temperature of the at 
least one of the battery units and the estimated internal 
pressure of the at least one of the battery units, Whether 
or not there is a possibility that a container of the 
battery unit Will reach a pressure endurance lirnit 
thereof; and 

restricting charging/discharging of the battery pack by 
performing the second step recited in claim 1 When it 
is determined that there is a possibility that the con 
tainer reaches the pressure endurance lirnit thereof. 

7. A method for preventing an increase in an internal 
pressure of a battery pack including a plurality of battery 
units according to claim 6, Wherein the determination of 
Whether or not there is a possibility that the container Will 
reach the pressure endurance lirnit thereof is performed 
using a map Which represents the pressure endurance limit 
which has been previously determined. 

8. A method for preventing an increase in an internal 
pressure of a battery pack including a plurality of battery 
units according to claim 6, Wherein the estimation of the 
internal pressure of the at least one of the battery units is 
performed based on a remaining battery capacity (SOC) of 
the at least one of the battery units, the temperature of the at 
least one of the battery units, and an amount of charged/ 
discharged electric current to/frorn the at least one of the 
battery units. 

9. A method for preventing an increase in an internal 
pressure of a battery pack including a plurality of battery 
units according to claim 8, Wherein the remaining battery 
capacity (SOC) of the at least one of the battery units is 
calculated based on a voltage of the at least one of the battery 
units, the amount of charged/discharged electric current 
to/frorn the at least one of the battery units, and the tern 
perature of the at least one of the battery units. 


