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(57) ABSTRACT 

A battery charging control method is disclosed, Which can 
reduce the charging time a low-temperature battery Without 
providing an additional heating system. The method 
includes executing a ?rst pulsed charging and discharging 
operation When the battery temperature T is loWer than a ?rst 
predetermined temperature (e.g., 0° C.), Wherein the amount 
of charging is equal to the amount of discharging; and 
switching from the ?rst pulsed charging and discharging 
operation to a second pulsed charging and discharging 
operation When the battery temperature exceeds the ?rst 
predetermined temperature, Wherein in the second pulsed 
charging and discharging operation, the amount of discharg 
ing is less than the amount of charging. Therefore, it is 
possible to accomplish not only heating but also charging. 
When the battery temperature T exceeds a second predeter 
mined temperature (e.g., 10° C.), a normal charging opera 
tion is performed. 
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BATTERY CHARGING CONTROL METHOD 
EMPLOYING PULSED CHARGING AND 

DISCHARGING OPERATION FOR HEATING 
LOW-TEMPERATURE BATTERY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a battery charging 
control method, and in particular, to a technique effective for 
reducing the time necessary for charging a loW-temperature 
battery. 
[0003] 2. Description of the Related Art 

[0004] Conventionally, hybrid vehicles employing a 
motor in addition to the engine as a driving source, or 
electric vehicles employing only a motor as a driving source, 
are knoWn. 

[0005] The motors of such vehicles are driven by electric 
poWer supplied from a battery; thus, When the remaining 
charge of the battery decreases, the battery must be charged. 

[0006] In order to charge a battery Which has discharged 
electricity, it is recommended to charge the battery at one 
tenth of its rated amount (i.e., 01C) for approximately 10 
hours, and rapid charging of batteries is rarely performed 
because such rapid charging may cause degradation of the 
battery and reduction of the battery life. 

[0007] In particular, the batteries of electric vehicles are 
generally charged by electric poWer supplied at night, and 
the charged poWer is used in the next day. 

[0008] HoWever, rapid charging of the battery is still 
required When a driver has an urgent need to use the vehicle 
at night, or When a driver Wants to extend the driving 
distance by recharging the battery. 

[0009] For rapid battery charging, if the battery tempera 
ture is beloW an appropriate range of temperatures for 
battery charging, that is, loWer than Tmin in FIG. 10, the 
conductivity of the electrolyte decreases and the resistance 
of the electrolyte rapidly increases, thereby increasing the 
voltage for charging (see the voltage V in FIG. 10). 

[0010] In particular, the resistance of lithium organic 
solvent electrolytes at room temperature is higher than that 
of aqueous-solution-type electrolytes; thus, the rate of 
increase of the resistance of lithium organic-solvent elec 
trolytes is very high at loW temperatures. 

[0011] In order to prevent the electrolyte from decompos 
ing due to an increase of the charging voltage (in the case of 
a lithium battery), or to prevent the generation of gaseous 
oxygen (in the case of an alkali battery), an upper limit of the 
charging voltage is determined, and if the charging voltage 
exceeds the upper limit (see Vmax in FIG. 10), the charging 
current (see current I in FIG. 10) is decreased so as to 
perform constant-poWer charging. Accordingly, the charging 
operation requires a long time, or the amount of charging 
may not be sufficient. 

[0012] In order to solve these problems, a charging control 
method, in Which the charging operation is started after the 
battery is heated using a heater or the like, may be employed. 
HoWever, in this method, a dedicated heating system is 
necessary. Therefore, When a battery is built into a hybrid 
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vehicle or an electric vehicle, a space for providing a heating 
system must be secured in the layout of the vehicle, and 
additionally, the Weight of the vehicle increases. As a result 
of these draWbacks, this method is not preferable. 

SUMMARY OF THE INVENTION 

[0013] In consideration of the above circumstances, an 
object of the present invention is to provide a battery 
charging control method for reducing the time necessary for 
charging a battery at a loW temperature Without providing an 
additional heating system. 

[0014] Therefore, the present invention provides a battery 
charging control method Wherein When the temperature of a 
battery is loWer than a predetermined temperature (e.g., 10° 
C. in the embodiment explained beloW), the battery is ?rst 
heated by a pulsed charging and discharging operation 
comprising alternately executing charging and discharging 
operations, before the battery is charged. 

[0015] According to this method, the battery is heated due 
to a heating effect based on Joule heat (=I2><R, Where I 
denotes the current and R denotes the internal resistance) 
While the heat related to chemical reactions during charging 
(i.e., exothermic reaction) and the heat related to chemical 
reactions during discharging (i.e., endothermic reaction) 
cancel each other. Therefore, the resistance of the electrolyte 
is reduced and a rapid increase of the voltage during 
charging is prevented. Therefore, a battery at a loW tem 
perature can be charged in a short time. 

[0016] The present invention also provides a battery 
charging control method comprising the steps of: 

[0017] executing a ?rst pulsed charging and discharg 
ing operation When the temperature of a battery is 
loWer than a ?rst predetermined temperature (e.g., 0° 
C. in the embodiment explained beloW), Wherein in 
the ?rst pulsed charging and discharging operation, 
the amount of charging is equal to the amount of 
discharging; and 

[0018] sWitching from the ?rst pulsed charging and 
discharging operation to a second pulsed charging 
and discharging operation When the temperature of 
the battery exceeds the ?rst predetermined tempera 
ture, Wherein in the second pulsed charging and 
discharging operation, the amount of discharging is 
less than the amount of charging. 

[0019] According to this method, When the temperature of 
the battery is loWer than the ?rst predetermined temperature, 
the battery is heated due to a heating effect based on Joule 
heat. Therefore, the resistance of the electrolyte is reduced 
and a rapid increase of the voltage during charging is 
prevented. When the temperature of the battery exceeds the 
?rst predetermined temperature, the operation is sWitched 
from the ?rst pulsed charging and discharging operation 
under the condition “the amount of charging=the amount of 
discharging” to the second pulsed charging and discharging 
operation under the condition “the amount of charging>the 
amount of discharging”; thus, accomplishing not only heat 
ing but also charging. Therefore, a battery at a loW tempera 
ture can be charged in a shorter time. 

[0020] Preferably, in the ?rst pulsed charging and dis 
charging operation, for loWer temperatures of the battery, a 
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set amount of charging in the charging interval and a set 
amount of discharging in the discharging interval are chosen 
to be smaller. Accordingly, for loWer temperatures of the 
battery (i.e., for larger resistances of the electrolyte), the 
amount of charging is set smaller, thereby very reliably 
preventing an increase of the voltage of a loW-temperature 
battery being charged. 
[0021] Typically, in the second pulsed charging and dis 
charging operation, a set amount of discharging is deter 
mined by adjusting at least one of a pulse Width and a pulse 
amplitude. Accordingly, the amount of pulsed discharging 
can be ?exibly determined by suitably restricting the charg 
ing time or charging current of each pulse, and various user 
demands for charging control can be satis?ed. 

[0022] Also typically, the method further comprises the 
step of sWitching from the second pulsed charging and 
discharging operation to a normal charging operation of 
charging the battery at a continuous current When the 
temperature of the battery exceeds a second predetermined 
temperature (e.g., 10° C. in the embodiment explained 
beloW). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a diagram shoWing the structure of a 
charging control apparatus used for implementing the bat 
tery charging control method according to the present inven 
tion. 

[0024] FIG. 2 is a ?oWchart shoWing an embodiment of 
the battery charging control method according to the present 
invention. 

[0025] FIG. 3 is a time chart shoWing a Waveform 
employed in the ?rst pulsed charging and discharging opera 
tion. 

[0026] FIG. 4 is a time chart shoWing a Waveform 
employed in the second pulsed charging and discharging 
operation. 
[0027] FIG. 5 is a time chart shoWing an example of the 
normal charging operation. 
[0028] FIG. 6 is a time chart shoWing another Waveform 
to be employed in the second pulsed charging and discharg 
ing operation. 
[0029] FIG. 7 is a time chart shoWing a current pattern 
used in a pulsed charging and discharging operation, Which 
employs triangular Waves. 

[0030] FIG. 8 is a chart shoWing the relationship betWeen 
the battery temperature and the amount of the pulsed charg 
ing, Which shoWs the amount of the pulsed charging deter 
mined according to the battery temperature. 
[0031] FIG. 9 is a time chart shoWing changes of the 
battery temperature, charged/discharged voltage, charged/ 
discharged current, and remaining charge of the battery 
When the battery charging control method of the present 
invention is performed. 
[0032] FIG. 10 is a time chart shoWing changes of the 
battery temperature, battery When a conventional charging 
control method is performed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] Hereinafter, an embodiment of the battery charging 
control method according to the present invention Will be 
explained in detail With reference to the draWings. 
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[0034] A charging control apparatus for implementing the 
relevant battery charging control method is typically used 
for charging a battery 1 (see FIG. 1) Which supplies electric 
poWer to a load such as a motor built into an electric or 

hybrid vehicle. As shoWn in FIG. 1, the charging control 
apparatus comprises a control section 2, a charger 3, a 
current sensor 4, a voltage sensor 5, and a temperature 
sensor 6. 

[0035] The current sensor 4 detects the discharge current 
supplied from the battery 1 to a load such as a motor or 
generator and also detects the charge current supplied from 
the load to the battery 1. The voltage sensor 5 detects the 
terminal voltage of the battery 1. The temperature sensor 6 
detects the temperature of the battery 1. Asignal correspond 
ing to the current I from the current sensor 4, a signal 
corresponding to the voltage V from the voltage sensor 5, 
and a signal corresponding to the battery temperature T from 
the temperature sensor 6 are input into the control section 2. 

[0036] BeloW, the battery charging control method of the 
present embodiment Will be explained With reference to the 
?oWchart in FIG. 2. 

[0037] The ?oWchart of FIG. 2 shoWs the How of the 
charge control operation performed by the control section 2. 
In step S1 of this ?oW, the temperature range in Which the 
battery temperature (detected by the temperature sensor 6) 
falls is determined. 

[0038] When the battery temperature T§0° C. (corre 
sponding to the ?rst predetermined temperature of the 
present invention), that is, When the battery temperature T 
falls Within a range beloW the appropriate temperatures for 
battery charging, if the battery temperature T falls Within a 
loWer part of the loWer range, then the operation proceeds to 
step S2 Where a ?rst pulsed charging and discharging 
operation is executed, While if battery temperature T falls 
Within un upper part of the loWer range, then the operation 
proceeds to step S11 Where a second pulsed charging and 
discharging operation is executed. When the battery tem 
perature T>10° C., that is, When the battery temperature T 
falls Within a temperature range appropriate for battery 
charging, the operation proceeds to step S21 Where a normal 
charging operation is executed. 

[0039] In step S2, a chart (or map) shoWing the relation 
ship betWeen the battery temperature and the amount of the 
pulsed charging is referred to, and the amount Ah of the 
pulsed charging suitable for the battery temperature T is 
determined. This chart is stored in the control section 2 in 
advance. FIG. 8 shoWs an example of this chart, Wherein in 
the range of “battery temperature T§0° C.”, the loWer the 
battery temperature T, the smaller the amount of charging 
Within the pulsed charging interval and the amount of 
discharging Within the pulsed discharging interval With 
respect to the pulsed charging and discharging operation. 

[0040] In steps S3 to S5, the pulsed charging operation at 
the set amount of charging determined in step S2 is 
executed. In this operation, a current I (having a certain 
pulse amplitude) is determined so as to satisfy the condition 
that the voltage V detected by the voltage sensor 5 does not 
exceed the upper limit voltage (Vmax) of the battery 1. 

[0041] In lithium batteries, this upper limit voltage indi 
cates a voltage at Which the electrolyte may be decomposed, 
While in alkali batteries, this upper limit voltage indicates a 
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voltage at Which gaseous oxygen may be generated. In the 
present ?oW, the upper limit voltage is set to be 4.2 V/cell. 

[0042] At the same time as the start of the pulsed charging 
in step S3, a timer provided in the control section 2 is 
activated, to start measuring the charging time (correspond 
ing to the pulse Width). Here, in step S3, the pulsed charging 
is only used for heating the battery 1. 

[0043] In step S4, it is determined Whether the folloWing 
condition is satis?ed: 0° C.<battery temperature T; 10° C. 

[0044] If the result of the determination is “YES”, that is, 
When the battery 1 has been heated to a certain temperature 
and thus a slight amount of charging is possible under the 
upper limit voltage Vmax, then the operation proceeds to 
step S12. If the result of the determination is “NO”, then the 
operation proceeds to step S5. 

[0045] In step S5, it is determined Whether the amount of 
charging, obtained by multiplying the current I detected by 
the current sensor 4 by the charging time measured by the 
above-explained timer, is larger than the set amount of 
charging Which has been determined in step S2. If the result 
of the determination is “YES”, that is, When the present 
interval of the pulsed charging has been completed, then the 
operation proceeds to step S6 Where a pulsed discharging 
operation is started. If the result of the determination is 
“NO”, that is, When the pulsed charging interval has not yet 
been completed, the operation returns to step S3. 

[0046] In the folloWing operation from step S6 to step S8, 
an amount of the pulsed discharging equal to the amount of 
the pulsed charging (executed in steps S3 to S5) is dis 
charged. More speci?cally, in step S6, the pulsed discharg 
ing is started, in Which an amount of current equal to that of 
the charged current is discharged during a time equal to the 
charging time (refer to FIG. 3). At the same time of the 
operation start, the timer value indicating the charging time 
is stored in memory and then the timer value is reset to start 
measuring the discharging time. 

[0047] Similar to step S4, in step S7, it is determined 
Whether the condition “0° C.<battery temperature T§10° 
C.” is satis?ed. 

[0048] If the result of the determination is “YES”, the 
operation proceeds to step S11, While if the result of the 
determination is “NO”, the operation proceeds to step S8. 

[0049] In step S8, it is determined Whether the amount of 
discharging, obtained by multiplying the current I (detected 
by the current sensor 4) by the discharging time (measured 
by the above-explained timer), is equal to the amount of 
charging by the pulsed charging performed from step S3 to 
step S5 (i.e., current I><timer value stored in memory). If the 
result of the determination is “YES”, that is, When the 
present interval of the pulsed discharging has been com 
pleted, the operation returns to step S3, While if the result of 
the determination is “NO”, then the operation returns to step 
S6. 

[0050] In step S11, Which is executed if the condition “0° 
C.<battery temperature T; 10° C.” is satis?ed in any one of 
steps S1, S4, and S7, the amount of the pulsed charging is 
determined by referring to the above-explained chart of the 
relationship betWeen the battery temperature and the amount 
of pulsed charging (see FIG. 8). 
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[0051] As shoWn in this chart, in the range of “0° 
C.<battery temperature T; 10° C.”, a ?xed amount of pulsed 
charging is set regardless of the battery temperature T. 

[0052] In the above step S11, both the amount of pulsed 
charging and the amount of pulsed discharging are deter 
mined. This is because in the range of “0° C.<battery 
temperature T§10° C.”, instead of executing the pulsed 
charging and discharging operation under the conditions that 
“the amount of charging=the amount of discharging” (Which 
is performed only for heating the battery), a “charge-trend” 
pulsed charging/discharging operation is performed so as to 
perform both heating and charging. Therefore, in step S11, 
a smaller amount of pulsed discharging is determined in 
comparison With the amount of pulsed charging (refer to 
FIG. 4). 

[0053] In the operation from step S12 to step S14, pulsed 
charging corresponding to the set amount of charging deter 
mined in step S11 is performed. Similar to the operation 
from step S3 to step S5, in step S12, the current I is 
determined so as to satisfy the condition that the voltage V 
detected by the voltage sensor 5 does not exceed the upper 
limit voltage Vmax of the battery 1. At the same time of the 
start of the charging in step S12, the timer is activated to start 
measuring the charging time. 

[0054] In step S13, it is determined Whether the condition 
“10° C.<battery temperature T” is satis?ed. If the result of 
the determination is “YES”, that is, When the battery tem 
perature T has increased to an appropriate temperature range 
for the charging operation and thus heating using the pulsed 
charging and discharging operation is unnecessary, then the 
operation proceeds to step S14, While if the result of the 
determination is “NO”, the operation proceeds to step S21. 

[0055] Similar to step S5, in step S14, it is determined 
Whether the condition of “the amount of charging>the set 
amount of charging”. If the result of the determination is 
“YES”, the operation proceeds to step S15 to start the pulsed 
discharging, While if the result of the determination is “NO”, 
the operation returns to step S13. 

[0056] In the operation from step S15 to S17, a pulsed 
discharging operation is performed, in Which a smaller 
amount of pulsed discharging is employed in comparison 
With the amount of pulsed charging performed in steps S12 
to S14. 

[0057] That is, in step S15, a pulsed discharging operation 
is started, in Which a current smaller than the charging 
current is discharged during a time equal to the charging 
time (refer to FIG. 4). At the same time of the start of the 
discharging, the previous timer value Which indicates the 
charging time is stored in memory and the timer is then reset, 
so that the measuring of the discharging time is started. 

[0058] Similar to step S13, in step S16, it is determined 
Whether the condition “10° C.<battery temperature T” is 
satis?ed. If the result of the determination is “YES”, the 
operation proceeds to step S21, While if the result of the 
determination is “NO”, then the operation proceeds to step 
S17. 

[0059] In step S17, it is determined Whether the amount of 
discharging, obtained by multiplying the current I detected 
by the current sensor 4 by the discharging time measured by 
the timer, is equal to the set amount of discharging deter 
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mined in step S11. If the result of the determination is 
“YES”, that is, When the present interval of the pulsed 
discharging has been completed, the operation returns to 
step S12, While if the result of the determination is “NO”, the 
operation returns to step S16. 

[0060] If the condition “10° C.<battery temperature T” is 
satis?ed in any one of steps S1, S13, and S16, that is, When 
the battery temperature T is Within a temperature range 
appropriate for the charging operation and thus heating of 
battery by using the pulsed charging and discharging opera 
tion is unnecessary, then step S21 is executed. In step S21, 
normal charge is started, Which employs only a continuous 
current as shoWn in FIG. 5. 

[0061] In step S22, it is determined Whether the condition 
“battery temperature T>50° C.” is satis?ed, Where the bat 
tery temperature T is detected by the temperature sensor 6. 
In other Words, in this step, it is determined Whether the 
temperature T of the battery being charged is equal to or less 
than a predetermined temperature, so as to protect the 
battery and to perform efficient charging. If the result of the 
determination of step S22 is “YES”, that is, When the battery 
temperature T exceeds the upper limit, Which is set to 50° C., 
then the operation from step S23 to step S26 is skipped and 
the charging operation is terminated. If the result of the 
determination is “NO”, then the operation proceeds to step 
S23. 

[0062] In step S23, it is determined Whether the voltage of 
the battery cell is 4.2 V/cell, by referring to the voltage V 
detected by the voltage sensor 5. If the result of the deter 
mination is “YES”, that is, When the voltage of the cell has 
reached the above-explained upper limit voltage Vmax, the 
operation proceeds to step S24. If the result of the determi 
nation is “NO”, the operation returns to step S22. 

[0063] In step S24, the charge current is decreased so as to 
perform charging at a constant voltage. Simultaneously, the 
timer value is reset and the measuring of the charging time 
at constant voltage is started. 

[0064] Similar to step S22, in step S25, it is determined 
Whether the condition “battery temperature T>50° C.” is 
satis?ed. If the result of the determination is “YES”, then 
step S26 is skipped and the charge is terminated, While if the 
result of the determination is “NO”, then the operation 
proceeds to step S26. 

[0065] In step S26, it is determined Whether a predeter 
mined time has elapsed from the start of the constant-voltage 
charge of step S24, by referring to the timer value. If the 
result of the determination is “NO”, the operation returns to 
step S25, While if the result of the determination is “YES”, 
then the charging operation is completed. 

[0066] BeloW, the functions of the battery charging control 
method of the present embodiment Will be explained With 
reference to FIGS. 3, 4, and 9. In FIG. 3, the hatched (or 
shaded) portions indicated by reference symbol A are con 
verted to Joule heat, the portions indicated by reference 
symbol B correspond to the actual amount of charging 
obtained by subtracting the amount converted to Joule heat 
(see portion A) from the apparent amount of charging, and 
the portions indicated by reference symbol C correspond to 
the actual amount of discharging obtained by subtracting the 
amount converted to Joule heat (see portion A) from the 
apparent amount of discharging. 
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[0067] If the battery temperature T is loWer than the 
loWer-limit temperature appropriate for the charging opera 
tion (10° C. in the present embodiment) and is further in a 
loWer range (here, 0° C. or less) beloW the loWer limit, the 
?rst pulsed charging and discharging operation is repeated, 
in Which the amount of charging is equal to the amount of 
discharging (see FIGS. 3 and 9). Therefore, the battery 1 is 
heated by a heating effect due to the Joule heat, thereby 
preventing a voltage increase during charging. 

[0068] In particular, the loWer the battery temperature T, 
the smaller the set amount of pulsed charging. This amount 
of pulsed charging corresponds to the pulse area obtained by 
multiplying the pulse Width (i.e., charging time) by the pulse 
amplitude (i.e., charging current). Accordingly, a voltage 
increase during the charging of a loW-temperature battery 
can be reliably prevented. 

[0069] During the ?rst pulsed charging and discharging 
operation, the amount of charging is equal to the amount of 
discharging, as explained above. Therefore, the battery 1 is 
only heated and the remaining charge of the battery 1 is not 
increased. 

[0070] When the ?rst pulsed charging and discharging 
operation has heated the battery to a temperature exceeding 
0° C., the second pulsed charging and discharging operation 
is repeatedly performed, in Which the amount of discharging 
is smaller than the amount of charging (refer to FIGS. 4 and 
9). Therefore, charging is performed in addition to heating 
of battery in the second pulsed charging and discharging 
operation before the normal charging is performed. Accord 
ingly, even When a battery at a loW temperature is charged, 
the voltage V during the charging does not reach the upper 
limit voltage Vmax, so that a rapid charging operation can 
be completed in a short time. 

[0071] The present invention is not limited to the above 
explained embodiments, and the numerical values in the 
embodiments are merely examples and do not limit the 
present invention. 

[0072] For example, in the above embodiments, When the 
condition “0° C.<battery temperature T; 10° C.” is satis?ed, 
the current (i.e., pulse amplitude) of pulsed discharging is set 
to be smaller than the current of pulsed charging (see FIG. 
4). HoWever, as shoWn in FIG. 6, the discharging time (i.e., 
pulse Width) may be shorter than the charging time. 

[0073] In addition, the pattern of current of the pulsed 
charging and discharging operation is not limited to rectan 
gular Waves, and triangular Waves (see FIG. 7) or other 
Waveforms may be used. 

[0074] Furthermore, even for a given kind of battery such 
as lithium batteries or alkali batteries, the ?rst and second 
predetermined temperatures of the present invention can be 
?exibly modi?ed according to individual differences. 

What is claimed is: 
1. A battery charging control method Wherein When the 

temperature of a battery is loWer than a predetermined 
temperature, the battery is ?rst heated by a pulsed charging 
and discharging operation comprising alternately executing 
charging and discharging operations, before the battery is 
charged. 

2. Abattery charging control method comprising the steps 
of: 
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executing a ?rst pulsed charging and discharging opera 
tion When the temperature of a battery is loWer than a 
?rst predetermined temperature, Wherein in the ?rst 
pulsed charging and discharging operation, the amount 
of charging is equal to the amount of discharging; and 

sWitching from the ?rst pulsed charging and discharging 
operation to a second pulsed charging and discharging 
operation When the temperature of the battery eXceeds 
the ?rst predetermined temperature, Wherein in the 
second pulsed charging and discharging operation, the 
amount of discharging is less than the amount of 
charging. 

3. A battery charging control method as claimed in claim 
2, Wherein in the ?rst pulsed charging and discharging 
operation, for loWer temperatures of the battery, a set amount 
of charging in the charging interval and a set amount of 
discharging in the discharging interval are chosen to be 
smaller. 
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4. A battery charging control method as claimed in claim 
2, Wherein in the second pulsed charging and discharging 
operation, a set amount of discharging is determined by 
adjusting at least one of a pulse Width and a pulse amplitude. 

5. A battery charging control method as claimed in claim 
3, Wherein in the second pulsed charging and discharging 
operation, the set amount of discharging is determined by 
adjusting at least one of a pulse Width and a pulse amplitude. 

6. A battery charging control method as claimed in claim 
2, further comprising the steps of: 

sWitching from the second pulsed charging and discharg 
ing operation to a normal charging operation of charg 
ing the battery at a continuous current When the tem 
perature of the battery eXceeds a second predetermined 
temperature. 


