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(57) ABSTRACT 

Abattery charger and a charging method capable of charging 
a battery for a short period of time while suppressing battery 
temperature from rising. The current temperature of the 
battery is detected (in step S12) and a temperature rise is 
calculated from the detected temperature (in step S14). An 
allowable current map is then retrieved from the detected 
temperature and the obtained temperature rise, an allowable 
current with which the battery can be charged while sup 
pressing battery temperature from rising is obtained (in step 
S16) and the battery is charged with the allowable current (in 
step S20). Since the allowable current which the battery can 
be charged with, while suppressing battery temperature from 
rising is retrieved using the map which the allowable current 
is mapped, based on battery temperature and battery tem 
perature rise, and charging current is controlled, it is possible 
to charge the battery for a short period of time while 
suppressing battery temperature from rising. 
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BATTERY CHARGER AND CHARGING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a battery charger 
and a charging method for charging a battery. The present 
invention relates, in particular, to a battery charger and a 
charging method suitable for charging a battery, such as a 
nickel metal hydride battery, Which accumulates a large 
amount of heat during charging. 

[0003] 2. Description of the Related Art 

[0004] A charging-type battery Which can be repeatedly 
charged is recently used as a poWer source for a poWer tool, 
for eXample. A nickel metal hydride battery is Widely used 
as the poWer tool battery of this type. To charge the battery, 
a battery charger for rapidly charging the battery With high 
current is used. That is, While a battery is rapidly charged for 
about 20 minutes and, a poWer tool can be continuously used 
While replacing a currently used battery With another one 
Which has been charged. 

[0005] The inventor of the present invention studied Ways 
to improve the performance of a poWer tool by using, as a 
battery, a nickel metal hydride battery. Although the nickel 
metal hydride battery can provide higher capacity than a 
nickel-cadmium battery, a large amount of heat is generated 
during charging. If the battery temperature becomes high 
due to the generated heat, the electrodes and separators of 
cells Within the battery deteriorate and battery life is short 
ened. Due to this, the nickel metal hydride battery cannot be 
rapidly charged With high current unlike the nickel-cadmium 
battery. 
[0006] Furthermore, the nickel metal hydride battery is 
more sensitive to overcharge than the nickel-cadmium bat 
tery and overcharging makes the battery life shorter. For that 
reason, it is required to avoid overcharging the nickel metal 
hydride battery. As for equipment Which does not require 
battery replacement, to avoid overcharging the battery, 
charging current and discharging current are integrated and 
a battery is charged based on the integrated value. Thus, the 
battery can be fully charged. In case of charging a battery for 
equipment such as the above-stated poWer tool Which 
requires replacing one battery With another, hoWever, it has 
been dif?cult to fully charge the battery Without overcharg 
ing it. 

SUMMARY OF THE INVENTION 

[0007] The invention recited in claims 1 and 3 has been 
made to solve the above-stated disadvantages and has an 
object to provide a battery charger and a charging method 
capable of charging a battery for a short period of time While 
suppressing battery temperature from rising. 

[0008] The invention recited in claims 2 and 4 has been 
made to solve the above-stated disadvantages and has an 
object to provide a battery charger and a charging method 
capable of fully charging a battery Without fear of an 
overcharge. 
[0009] To attain the above object, the battery charger 
recited in claim 1 is technically characteriZed by comprising: 

[0010] a memory for storing a map for mapping an alloW 
able value of current, With Which a battery can be charged 
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While suppressing battery temperature from rising, based on 
a battery temperature and a battery temperature rise; 

[0011] a temperature detection device for detecting a cur 
rent temperature of the battery; 

[0012] a temperature rise output device for obtaining the 
temperature rise from the temperature detected by the tem 
perature detection device; 

[0013] an alloWable current retrieval device for retrieving 
the map of the memory device from the temperature 
detected by the temperature detection device and the tem 
perature rise outputted from the temperature rise output 
device, and for obtaining the alloWable value; and 

[0014] a charging device for charging the battery With the 
alloWable current retrieved by the alloWable current retrieval 
device. 

[0015] To attain the above object, the battery charger 
recited in claim 2 is technically characteriZed by comprising: 

[0016] a memory for storing a map for mapping an alloW 
able value of current, With Which a battery can be charged 
While suppressing battery temperature from rising, based on 
a battery temperature and a battery-temperature rise, the map 
having the alloWable current value set loW When the battery 
temperature is high and set loW When the temperature rise is 
large; 

[0017] a temperature detection device for detecting a 
current temperature of the battery; 

[0018] a temperature rise output device for obtaining the 
temperature rise from the temperature detected by the tem 
perature detection device; 

[0019] an alloWable current retrieval device for retrieving 
the map of the memory device from the temperature 
detected by the temperature detection device and the tem 
perature rise outputted from the temperature rise output 
device, and for obtaining the alloWable value; 

[0020] a charging device for charging the battery With the 
alloWable current retrieved by the alloWable current retrieval 
device; 
[0021] a charging completion determination device for 
determining that charging is completed based on Whether or 
not the temperature detected by the temperature detection 
device and the temperature rise outputted from the tempera 
ture rise output device belong to a region indicating a ?nal 
charging stage (a region in Which temperature rise is rela 
tively large and relatively loW alloWable current is output 
ted) on the map of the memory device With high frequency; 
and 

[0022] a charging completion device for completing 
charging based on the determination of the charging comple 
tion determination device that charging is completed. 

[0023] To attain the above object, the charging method 
recited in claim 3 is technically characteriZed by comprising: 

[0024] detecting current temperature of a battery; 

[0025] obtaining a temperature rise from the detected 
temperature; 

[0026] retrieving an alloWable current map based on bat 
tery temperature and battery temperature rise, from the 



US 2001/0009362 A1 

detected temperature and the obtained temperature rise, and 
obtaining an allowable value of current, With Which the 
battery can be charged While suppressing the battery tem 
perature from rising; and 

[0027] 
current. 

charging the battery With the retrieved alloWable 

[0028] To attain the above object, the charging method 
recited in claim 4 is technically characteriZed by comprising: 

[0029] detecting a current temperature of a battery; 

[0030] obtaining a temperature rise from the detected 
temperature; 

[0031] retrieving an alloWable current map based on bat 
tery temperature and battery temperature rise, from the 
detected temperature and the obtained temperature rise, and 
obtaining an alloWable value of current With Which the 
battery can be charged While suppressing the battery tem 
perature from rising; 

[0032] 
current; 

charging the battery With the retrieved alloWable 

[0033] determining that charging is completed based on 
Whether the outputted temperature rise is relatively large and 
Whether relatively loW alloWable current is outputted from 
the map With a high frequency; and 

[0034] completing charging based on the determination 
that charging is completed. 

[0035] According to the battery charger and charging 
method recited in claims 1 and 3, charging current is 
controlled using a map for mapping an alloWable value of 
current With Which a battery can be charged While suppress 
ing battery temperature from rising based on battery tem 
perature and battery temperature rise. That is, the map is 
retrieved from the battery temperature and temperature rise. 
The alloWable value of current, With Which the battery can 
be charged While suppressing the battery temperature from 
rising, is obtained. The battery is charged With the alloWable 
current thus obtained. This makes it possible to charge a 
nickel metal hydride battery, the temperature of Which tends 
to rise during charging, for a short period of time Without 
causing deterioration due to temperature rise. Just before 
charging is completed, the temperature rise of the nickel 
metal hydride battery is larger and the battery is charged 
With relatively loW current, therefore it is possible to sup 
press “overshoot” after the completion of charging. 

[0036] According to the battery charger and charging 
method recited in claims 2 and 4, charging current is 
controlled using a map for mapping an alloWable value of 
current With Which a battery can be charged While suppress 
ing battery temperature from rising based on battery tem 
perature and battery temperature rise. That is, the map is 
retrieved from the battery temperature and temperature rise. 
The alloWable value of current, With Which the battery can 
be charged While suppressing the battery temperature from 
rising, is obtained. Consequently, the battery is charged With 
the alloWable current thus obtained. This makes it possible 
to charge a nickel metal hydride battery the temperature of 
Which tends to rise during charging, for a short period of 
time Without causing deterioration due to temperature rise. 
Just before charging is completed, the temperature rise of the 
nickel metal hydride battery is larger and the battery is 
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charged With relatively loW current, therefore it is possible 
to suppress “overshoot” after the completion of charging. 

[0037] The completion of charging is determined, in par 
ticular, based on Whether or not a temperature rise is 
relatively large and Whether or not relatively loW current is 
outputted from the map With high frequency. That is, based 
on Whether or not temperature rise is large and Whether or 
not the rise is large even if charging current is decreased. 
Due to this, it is possible to fully charge the battery Without 
fear of overcharging and Without being in?uenced by the 
remaining battery capacity, temperature and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 is a perspective vieW of a battery charger in 
an embodiment according to the present invention; 

[0039] FIG. 2 is a perspective vieW of a battery pack in the 
embodiment according to the present invention; 

[0040] FIG. 3 is a perspective vieW of a battery drill using 
the battery pack shoWn in FIG. 2; 

[0041] FIG. 4 is a block diagram shoWing a charging 
circuit in the battery charger shoWn in FIG. 1; 

[0042] FIG. 5 is an explanatory vieW shoWing the content 
of a map held in the charging circuit; 

[0043] FIG. 6 is a graph shoWing the change of charging 
current and that of battery temperature both controlled by 
the charging circuit; and 

[0044] 
pI‘OCCSS. 

FIG. 7 is a flow chart shoWing the charging circuit 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0045] A battery charger and a charging method in one 
embodiment according to the present invention Will be 
described With reference to the accompanying draWings. 

[0046] The embodiment Which explicitly depicts the 
present invention Will be described hereinafter With refer 
ence to the accompanying draWings. 

[0047] FIG. 1 shoWs a battery charger 10 in one embodi 
ment according to the present invention. FIG. 2 shoWs a 
battery pack 50 charged by the battery charger. FIG. 3 
shoWs a battery drill 70 driven by the battery pack 50. 

[0048] As shoWn in FIG. 2, the battery pack 50, including 
a nickel metal hydride battery, consists of a generally 
cylindrical ?tted section 52 and a generally prismatic base 
56. A key-shaped key section 54 is formed on the side 
surface of the ?tted section 52. The ?rst input terminal t1 
connected to the cathode of the battery, the second input 
terminal t2 connected to the anode therein and the third 
terminal t3 connected to a temperature sensor consisting of 
a thermistor are provided on the upper portions of the ?tted 
section 52. 

[0049] As shoWn in FIG. 1, a ?tting hole 12 for ?tting the 
?tted section 52 of the battery pack 50 is formed at the 
battery charter 10 for charging the battery pack 50. A key 
Way 14 for introducing the key section 54 of the ?tted 
section 52 is formed on the sideWall of the ?tting hole 12. 
The ?tting hole 12 is integral With a housing 16 Which 
constitutes the battery charger 10 and is made from resin. In 
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this embodiment, the key section 54 is provided at the ?tted 
section 52 of the battery pack 50 and the ?tted hole 12 of the 
battery charger 10 is provided With the key Way 14. This 
thereby prevents the battery pack 50 from being ?tted in an 
incorrect manner. First to third output terminals (not shoWn) 
are provided at the bottom of the ?tting hole 12 to make 
contact With the ?rst to third terminals t1, t2 and t3 of the 
battery pack 50. An LED lamp 18 is provided on the top of 
the battery charger 10 to indicate that the battery is being 
charged. 
[0050] As shoWn in FIG. 3, a ?tting hole 72 for ?tting the 
?tted section 52 of the battery pack 59 is provided in the 
battery drill 70. When electric poWer is supplied from the 
?rst and second input terminals t1 and t2 of the battery pack 
50 to the battery drill 70, a motor (not shoWn) is driven to 
rotate a chuck 76. If the battery drill 70 is in use, a plurality 
of batteries Which have been charged Within the battery pack 
50 are sequentially used to alloW continuous operation. To 
this end, the battery charger 10 in this embodiment is 
designed to be capable of rapidly charging the battery pack 
50 in approximately 20 minutes. 

[0051] FIG. 4 shoWs the con?guration of a control circuit 
Within the battery charger 10. The control circuit 30 consists 
of a temperature detection section 38 for detecting the 
temperature of a battery from an output value of a tempera 
ture sensor (or thermistor) 56 provided at the battery pack 50 
side, a memory section 39 for storing a current controlling 
map, a control section 34 for obtaining a temperature rise by 
differentiating a temperature value outputted from the tem 
perature detection section 38, obtaining an allowable current 
value With Which the battery can be charged While suppress 
ing the rise of battery temperature from retrieving the map 
based on the temperature value and the temperature rise, and 
outputting the alloWable current value as a current command 
value to the charging control section 34, and the charging 
current control section 34 for controlling a poWer supply 
circuit 32 based on the current command value derived from 
the control section 36 and from adjusting the battery charg 
ing current. 

[0052] Description of the constitution of the map used for 
current control Will continuously be given With reference to 
FIG. 5. 

[0053] If the battery is charged With high current, charging 
time is shortened but temperature rises accordingly. Con 
versely, if the battery is charged With loWer current, charging 
time is lengthened but temperature rise is smaller. The nickel 
metal hydride battery, in particular, possesses characteristics 
that a temperature gradient (or temperature rise) greatly 
varies in accordance With charging current or the presently 
charged capacity. Considering the characteristics, in this 
embodiment, the battery is charged While changing current 
value to suppress the temperature rise. Speci?cally, in the 
battery charger according to the conventional technique, the 
battery is charged With current of a constant value. In the 
battery charger of this embodiment, by contrast, the state of 
the battery is determined based on the absolute temperature 
and temperature rise, the battery is charged With as high 
current as possible Which can be applied While suppressing 
the battery temperature from rising, i.e., the battery is 
charged With varying current in accordance With the state of 
the battery. 
[0054] In this embodiment, if the battery temperature is 
high, relatively loW charging current is applied. If the 
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temperature is loW, relatively high charging current is 
applied. If temperature rise is large, relatively loW charging 
current is applied. If the temperature rise is small, relatively 
high charging current is applied. 

[0055] The map is provided for variable-control of current 
and for specifying an optimum value of current Which can be 
applied When temperature rise is suppressed. In the map, the 
horiZontal axis indicates the absolute temperature T of a 
battery and the vertical axis indicates a temperature differ 
ence dT/dt. That is, if the temperature of the battery is high 
and temperature rise is large (loWer right side on the map), 
then a relatively loW charging current is applied. If the 
temperature of the battery is high and the temperature rise is 
small (upper end side on the map), a medium level charging 
current is applied. If the battery temperature is loW and the 
temperature rise is large (loWer left side on the map), a 
medium level charging current is applied. If the battery 
temperature is loW and the temperature rise is loW (upper left 
on the map), a relatively high charging current is applied. 
Namely, such optimum current values are set on the map in 
order to meet both expected charging time (approximately 
20 minutes) and expected ?nal temperature. 

[0056] If high current is discharged at loW temperature (0° 
C. or less), battery performance deteriorates. It is, therefore, 
desirable to set a loW current value on the left column on the 
map in order to avoid performance deterioration. 

[0057] Based on the map, a region is retrieved to meet the 
absolute temperature T and a temperature difference dT/dt 
from the battery and charging current, it is controlled on the 
basis of the current speci?ed in the region. If, for example, 
the battery temperature is betWeen T3 and T4 and the battery 
temperature difference (charging temperature) is betWeen 
X1 and X2, then current in the region I24 is outputted. 

[0058] Thereafter, the battery charger in this embodiment 
detects that charging is completed based on the movement of 
current Within the regions on the map. That is, according to 
the conventional technique, completion of charging is 
detected by keeping charging current constant and observing 
temperature or voltage. More speci?cally, the conventional 
device detects a temperature rise and a voltage variation as 
Well as that the battery is fully charged and voltage 
decreases. It also determines that the battery is fully charged. 
In the battery charger in this embodiment, since charging 
current is changed as stated above, it is impossible to detect 
that the battery charging is completed from only monitoring 
temperature and a temperature variation, or voltage and a 
voltage variation. In this embodiment, therefore, the battery 
charger detects charging is completed based on the move 
ment of current in ranges on the map. 

[0059] While the battery is being charged, a current value 
apparently moves Within the regions at random based on the 
temperature and temperature rise. In other Words, before the 
battery is fully charged, the battery temperature rises or a 
temperature rise is large. If a relatively small charging 
current region is selected, that is, after a region on the loWer 
right side on the map is selected, then current decreases and 
temperature rise is smaller. The current region thus corre 
sponds to an upper side region on the map. 

[0060] Nonetheless, as the battery is close to a fully 
charged state, a temperature rise becomes larger due to the 
characteristics of the nickel metal hydride battery. That is, as 
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temperature rise is larger, a loWer region is selected on the 
map. In that case, even if the battery is charged With 
relatively loW current, temperature rise remains large. Using 
this principle, the battery charger in this embodiment con 
ducts measurements repeatedly (for example three times) at 
predetermined intervals (e.g., at several thousand seconds’ 
intervals). In a case Where current belong to hatched regions 
I31, I32, I33, I34 and I35 in Which temperature rise is large, 
and to region I25 in Which temperature is high and tem 
perature rise is at medium level, it is determined that the 
battery charging is completed and the charging is then 
stopped. 
[0061] Charging operation of the charging circuit 30 Will 
be described in more detail With reference to a graph shoWn 
in FIG. 6. 

[0062] In FIG. 6, the horiZontal axis indicates charging 
time, Whereas the vertical axis indicates charging current 
and battery temperature. FIG. 6 also shoWs, as comparison, 
temperature rise in a case Where a nickel metal hydride 
battery has been charged for one hour and temperature rise 
in a case Where the battery is rapidly charged as Well as the 
case of the battery charger in this embodiment. 

[0063] Conventionally, to avoid generating heat While a 
nickel metal hydride is being charged, 1C charging is 
conducted as shoWn in dash line e of FIG. 6. That is, a 2AH 
nickel metal hydride battery is charged With 2A charging 
current for about one hour (65 minutes in FIG. 6). In case 
of 1C charging, charging starts at a temperature of 20° C. as 
shoWn in dotted line f of FIG. 6 and ends at a temperature 
of 40° C. Due to the characteristics of the nickel metal 
hydride battery, a temperature rise is seen just before the 
completion of charging (55 minutes after the start of charg 
ing) shoWn in f of FIG. 6 and further temperature rise is 
seen from a time f“ at Which charging is completed (over 
shoot f0). It is considered that the overshoot of the nickel 
metal hydride battery depends on the gradient of tempera 
ture rise at the time charging is completed. If a gradient at 
f‘-f“ is small, overshoot-induced temperature rise is small. If 
the gradient is large, that is, temperature greatly increases at 
the end of charging, then overshoot-induced temperature 
rise is large. 

[0064] MeanWhile, chain line c indicates current if a 
battery rapidly charged (4.5C charging) With constant high 
current (9A) by a conventional battery charger so as to 
complete charging in approximately 20 minutes. Chain line 
d indicates the temperature change of the nickel metal 
hydride in rapid charging. As indicated by the chain line d, 
even if charging starts at a temperature of 20° C., the 
temperature reaches 70° C. at Which the nickel metal hydride 
battery life is shortened When charging is completed. More 
over, temperature rapidly rises just before the completion of 
charging (11 minutes after start) indicated by d‘ in FIG. 6 
until d“ at Which charging is completed. Due to this, tem 
perature greatly rises at time d“ at Which charging is com 
pleted (overshoot d0). The overshoot d0 causes temperature 
to rise further as high as 80° C. even after charging is 
completed, as a result the life of the nickel metal hydride 
battery is shortened. According to the graph of FIG. 6, since 
charging starts at 20° C. and is completed at 80° C., a 
temperature rise is 60° C. during that period. If, therefore, 
charging of the nickel metal hydride battery starts at 30°0 C., 
and temperature rises by 60° C. to 90° C. or higher, the 
battery performance greatly deteriorates at this point. 
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[0065] Full line <a> indicates a change in charging current 
in the battery charger in the ?rst embodiment according to 
the present invention, Whereas full line <b> indicates a 
change in the temperature of nickel metal hydride battery if 
the battery is charged by the battery charger in this embodi 
ment. The battery charger 10 in this embodiment applies 
relatively loW charging current if battery temperature is high 
and temperature rise is large. The device 10 applies medium 
level charging current if battery temperature is high and 
temperature rise is small. The device 10 applies medium 
level charging current if battery temperature is loW and 
temperature rise is large. The device 10 applies relatively 
high charging current if battery temperature is loW and 
temperature rise is small. In this Way, the battery charger 10 
in this embodiment adjusts current based on the temperature 
of the nickel metal hydride battery and its temperature rise. 
The device 10 starts charging the battery at a temperature of 
20° C. as shoWn in the full line <b> While controlling the 
temperature to fall Within 50° C. or less so as not to affect 
the battery life. In other Words, the device 10 adjusts 
charging current to maximum current While avoiding 
exceeding the expected temperature and shortening charging 
time. 

[0066] As stated above, the battery charger 10 constantly 
changes charging current in accordance With the battery 
temperature and temperature rise. That is, high current is 
applied at an initial charging stage, i.e., While battery tem 
perature is loW and temperature rise is small. Relatively loW 
charging current is applied at a ?nal charging stage, i.e., if 
battery temperature is high and temperature rise is large so 
that temperature rise is kept small just before the completion 
of charging. Speci?cally, temperature rise is small (or tem 
perature rise gradient is small) from a time b‘ (11 minutes 
after the start of charging) just before the completion of 
charging until a time b“ at Which charging is completed. As 
a result, temperature rise (overshoot b0) after the completion 
of charging is small and heat generation during and after 
charging is suppressed such that temperature rise during and 
after charging is almost as same (approximately 50° C.) as 
that in 1C charging indicated by the dotted line f. 

[0067] Even in 1C charging as indicated by the dotted line 
f, if battery temperature at the start of charging is high, for 
example, if charging is started at a battery temperature of 
30° C., then temperature rises by 30° C. and reaches 60° C. 
at the completion of charging. In this embodiment, by 
contrast, current is controlled in accordance With tempera 
ture and battery temperature can be limited to up to 50° C. 
When charging is completed. In the case of the poWer tool 
battery, in particular, Where the motor is continuously driven 
With high current and capacity is exhausted, it is probable 
that charging starts When battery temperature is high 
enough. In the battery charger in this embodiment, even if a 
nickel metal hydride battery is at such a high temperature it 
can charge to the extent that the temperature does not exceed 
an expected charging temperature. It is, thus, possible to 
repeatedly use the nickel metal hydride battery for a long 
period of time. 

[0068] Speci?c processing of the battery charger in this 
embodiment Will be described With reference to FIGS. 5 
and 6 as Well as the How chart shoWn in FIG. 7. 

[0069] First, after charging starts, a control section 36 of 
the battery charger (see FIG. 4) adjusts charging current and 
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determines Whether battery charging is completed in a 
predetermined cycle (here, at 100 seconds’ intervals for the 
convenience of description, but actually far shorter intervals 
of 10 seconds or less). Speci?cally, ?rst, the absolute tem 
perature T of the nickel metal hydride battery is inputted (in 
step S12). Next, the inputted absolute temperature T is 
differentiated and a battery temperature difference dT/dt is 
calculated (in step S14). Based on the absolute temperature 
T and the temperature difference dT/dt, an optimum charg 
ing current is selected from the map Which has been already 
described With reference to FIG. 5 (in step S16). In this case, 
as indicated in cycle <1>, Where the absolute temperature T 
is betWeen T1 and T2 and the temperature difference dT/dt 
is X1 or less, region I12 is selected and relatively high 
current of 4.5 C charging current (9A) is applied as indicated 
by the full line a shoWn in FIG. 7. 

[0070] Thereafter, the control section 36 determines 
Whether current is in ?nal charging regions, i.e., hatched 
regions I31, I32, I33, I34 and I35 in Which temperature rise 
is large and in a region I25 in Which temperature rise is 
medium level (in step S18). In this case, since the current is 
not in the ?nal charging region (“NO” in the Step S18), 
process returns to the step S12 and control of the charging 
current continues. In cycle <2> after more than 100 seconds 
pass, because a relatively high current has been applied in 
cycle <1> as stated above, the temperature difference dT/dt 
is larger (X1 to X2) and region I22 is selected, so that 
medium level current (35C) is selected. Since the medium 
level current is selected in the cycle <2>, the temperature 
difference dT/dt turns into X1 or less. In cycle <3>, the 
region I12 is selected and relatively high charging current is 
thereby selected once again. 

[0071] As stated above, if charging is continued While 
current value is changed in accordance With the absolute 
temperature T and the temperature difference dT/dt, the 
difference dT/dt gradually increases. In cycle <6>, as shoWn 
in FIG. 5, the temperature difference dT/dt exceeds X2 and 
enters region I33. In this case, the determination result is Yes 
in step 18. That is, current is determined in the ?nal charging 
regions (regions I31, I32, I33, I34, I35 and I25) as stated 
above, and it is then determined Whether current is highly 
probable in the ?nal charging regions (in step S22). It is 
determined that it is highly probable in the ?nal charging 
regions if it enters the ?nal charging regions in three 
consecutive cycles. While the current is decreased in the 
cycle <6>, the absolute temperature T is betWeen T2 and T3 
and the temperature difference dT/dt is decreased to X1 to 
X2 in the neXt cycle <7>, Whereby current is in the region 
I23. Thus, the determination result as to Whether it is highly 
probable that current is in the ?nal charging region is LoW 
in step S22 and the process goes on to step 20 in Which 
charging continues With a variable charging current. 

[0072] MeanWhile, if current enters region I25 Which 
belongs to ?nal charging regions in cycle <13>, current 
enters the region I35 Which also belongs to the ?nal charging 
regions in the neXt cycles <14> and <15>. If current enters 
?nal charging regions in three consecutive cycles, the deter 
mination result as to Whether it is high probable that current 
enters a ?nal charging region is High and charging is 
completed (in step S24), thereby ending all series of pro 
cessing. 
[0073] In the above-stated eXample, description has been 
given to a case Where cycle time is 100 seconds for conve 
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nience of description. Due to this, it is determined that it is 
highly probable if current enters ?nal charging regions in 
three consecutive cycles. If cycle time is made shorter than 
a 100 seconds’ cycle, it is possible to determine that it is high 
probable that current enters ?nal charging regions using 
various methods. For instance, in a 10 seconds’ cycle, it is 
highly probable that current enters the ?nal charging regions 
in eight out of 10 cycles. Alternatively, it can be determined 
that probability is high if current enters the ?nal charging 
regions in eight out of 10 cycles and if current enters the ?nal 
charging regions in ?ve consecutive cycles. 

[0074] As described above, the conventional battery 
charger for charging a nickel-cadmium battery detects that 
charging is completed by keeping a current value constant 
and monitoring one or more of temperature, temperature 
change, voltage and voltage change. In the case of a nickel 
metal hydride battery, hoWever, patterns of temperature and 
voltage change vary in accordance With the battery remain 
ing capacity, battery temperature at the start of battery 
charging and outside temperature. Due to this, it has been 
dif?cult to fully charge the nickel metal hydride battery 
Without fear of overcharge. The battery charger in this 
embodiment, by contrast, continuously monitors the abso 
lute temperature T and temperature difference dT/dt While 
narroWing doWn charging current. It is, therefore, possible to 
fully charge the battery Without fear of overcharge. 

[0075] The embodiment has been described so far, taking 
processing for charging a nickel metal hydride battery for an 
eXample. The battery charger and charging method accord 
ing to the present invention can be also applied to processing 
for charging a nickel-cadmium battery. As speci?ed, if the 
map shoWn in FIG. 5 is adjusted to the characteristics of the 
nickel-cadmium battery, the present invention is applicable 
to the process for charging a nickel-cadmium battery. In 
addition, if the map is adjusted to the common characteris 
tics (greatest common divisor) of a nickel-cadmium battery 
and a nickel metal hydride battery, both the nickel-cadmium 
battery and the nickel metal hydride battery can be charged. 
Furthermore, the battery pack 50 may be provided With a 
discriminating terminal (such as a boss) for discriminating a 
nickel metal hydride battery from a nickel-cadmium battery 
and a map may be prepared for each of the nickel metal 
hydride battery and the nickel-cadmium battery at the bat 
tery charger side. If the battery pack 50 of the nickel metal 
hydride battery is installed, charging can be controlled 
according to the map for the nickel metal hydride battery. If 
the battery pack 50 of the nickel-cadmium is installed, 
charging can be controlled according to the map for the 
nickel-cadmium battery. 

[0076] As stated so far, according to the present invention, 
the map is retrieved and the battery is charged With alloW 
able current With Which the battery can be charged While 
suppressing battery temperature from rising. This makes it 
possible to charge a nickel metal hydride battery, the tem 
perature of Which tends to rise during charging, for a short 
period of time Without causing a deterioration in the battery 
due to temperature rise. In addition, just before the comple 
tion of charging, the temperature rise of the nickel metal 
hydride battery is larger and the battery is charged With a 
relatively loW current, so that it is possible to suppress 
“overshoot” after the completion of charging. 

[0077] According to the present invention, the map is 
retrieved and the battery is charged With alloWable current 
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With Which the battery can be charged While suppressing 
battery temperature from rising. This makes it possible to 
charge a nickel metal hydride battery, the temperature of 
Which tends to rise during charging, for a short period of 
time Without causing deterioration in the battery due to 
temperature rise. In addition, just before the completion of 
charging, the temperature rise of the nickel metal hydride 
battery is larger and the battery is charged With relatively 
loW current, so that it is possible to suppress “overshoot” 
after the completion of charging. 

[0078] The completion of charging is determined, in par 
ticular, based on Whether or not temperature rise is large and 
Whether or not temperature rise is large even if the charging 
current is loWered. Due to this, it is possible to fully charge 
the battery Without fear of overcharge and Without being 
in?uenced by the remaining battery capacity, temperature 
and the like. 

1. A battery charger comprising: 

a memory for storing a map for mapping an alloWable 
value or current, With Which a battery can be charged 
While suppressing battery temperature from rising, 
based only on a battery temperature and a battery 
temperature rise; 

a temperature detection device for detecting a current 
temperature of the battery; 
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a temperature rise output device for obtaining the tem 
perature rise from the temperature detected by said 
temperature detection device; 

an alloWable current retrieval device for retrieving the 
map of said memory device from the temperature 
detected by said outputted from said temperature rise 
output device, and for obtaining said alloWable value; 
and 

a charging device for charging the battery With the alloW 
able current retrieved by said alloWable current 
retrieval device. 

2. A charging method comprising steps of: 

detecting current temperature eof a battery; 

obtaining a temperature rise from said detected tempera 
ture; 

retrieving an alloWable current map based only on battery 
temperature and battery temperature rise, from said 
detected temperature and said obtained temperature 
rise, and obtaining an alloWable value of current, With 
Which the battery can be charged While suppressing the 
battery temperature from rising; and 

charging the battery With said retrieved alloWable current. 


