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(57) ABSTRACT 

A temperature rise pattern is retrieved from charging time 
based on the difference between a battery temperature at the 
beginning of battery charge and a target temperature Value 
Which a battery is intended to reach (in S116). The battery 
is charged While adjusting a current Value so that a tem 
perature rise Value becomes the temperature rise pattern (in 
S118 and S120). Thus, by optimizing the temperature rise 
pattern, it is possible to charge the battery so that the 
temperature at the time of the completion of battery charge 
becomes the target temperature Value (the loWest tempera 
ture Value). 
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BATTERY CHARGER AND BATTERY 
CHARGING METHOD 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a reissue of US. Pat. No. 6,204,640, issued on 
Mar 20, 2001. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a battery charger and a 

battery charging method for charging a battery and particu 
larly relates to a battery charger and a battery charging 
method suited for charging a battery, such as a nickel metal 
hydride battery, which emits high heat while being charged. 

2. Discussion of the Prior Art 
Presently, a chargeable battery which can be repeatedly 

used for the power supply of, for example, a power tool is 
used. 
A nickel cadmium battery is popular as a battery for the 

power tool, and a battery charger for quickly charging the 
battery by applying high current thereto is used. Speci?cally, 
the battery is quickly charged in about 20 minutes and a 
power tool can be continuously used by switching a battery 
to that which has been charged. 

The present inventor [of the present invention studied] 
has investigated techniques for improving the performance 
of a power tool by using a nickel metal hydride battery as a 
battery therefor. Although [the] nickel metal hydride [battery 
can increase a] batteries have increased charge storage 
capacity as compared to a nickel cadmium battery, it gen 
erates high heat while being charged. If the temperature of 
the battery becomes high [by] due to the generated heat, the 
electrodes and separators of the cells within the battery will 
deteriorate and battery life [is] will be shortened. Due to this, 
it [is] has been impossible to quickly charge [the] a nickel 
metal hydride battery [with] using high current as was 
previously done for [the] nickel cadmium [battery stated 
above] batteries. 

SUMMARY OF THE INVENTION 

[The] One object of the present invention [has been made 

to solve] is to overcome the above-stated problems and another object of this invention is to provide a battery 

charger and a battery charging method capable of appropri 
ately charging a battery in a short time while [suppressing 
the temperature rise of] avoiding overheating the battery 
[which is being suppressed] during charging. 

In [order to accomplish the said object] one aspect of the 
present teachings, a battery charger [according to the present 
invention] is characterized by comprising: 

a temperature detecting section for detecting a present 
battery temperature; 

a temperature rise value outputting section for obtaining 
a temperature rise value from the temperature detected 
by said temperature detecting section; 

a current value retrieving section for retrieving a current 
value with which the temperature rise value outputted 
from said temperature rise value outputting section is 
constant; and 

a charge control section for charging a battery with the 
current value retrieved by said current value retrieving 
section. 
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2 
In [order to accomplish the said object] another aspect of 

the present teachings, a battery charger [according to the 
present invention] is characterized by comprising: 

a storage device storing a target temperature value which 
a battery temperature is intended to reach; 

a temperature detecting section for detecting a present 
battery temperature; 

a temperature gradient calculating section for calculating 
a temperature rise gradient from charging time based 
on a difference between a battery temperature at the 
beginning of battery charge and said target temperature 
value held by said storage device; 

a temperature rise value outputting section for obtaining 
a temperature rise value from the temperature detected 
by said temperature detecting section; 

a current value retrieving section for retrieving a current 
value with which the temperature rise value outputted 
from said temperature rise value outputting section 
becomes said temperature rise gradient; and 

a charge control section for charging the battery with the 
current value retrieved by said current value retrieving 
section. 

In [order to accomplish the said object] another aspect of 
the present teachings, a battery charger [according to the 
present invention] is characterized by comprising: 

a storage device storing a target temperature value which 
a battery is intended to reach; 

a temperature detecting section for detecting a present 
battery temperature; 

a temperature rise pattern retrieving section for retrieving 
a temperature rise pattern for completing battery charge 
at said target temperature value based on a difference 
between a battery temperature at the beginning of the 
battery charge and said target temperature value held by 
said storage device; 

a temperature rise value outputting section for obtaining 
a temperature rise value from the temperature detected 
by said temperature detecting section; 

a current value retrieving section for retrieving a current 
value with which the temperature rise value outputted 
from said temperature rise value outputting section 
becomes said temperature rise pattern; and 

a charge control section for charging the battery with the 
current value retrieved by said current value retrieving 
section. 

[In accordance with the more preferred teaching of the 
present invention, said] A preferred temperature rise pattern 
[is such that the] includes a temperature [rise value] increase 
rate that is relatively high in a ?rst half of a battery charge 
operation and is relatively low in a second half of the battery 
charge operation. 

[In accordance with the more preferred teaching of the 
present invention, said] Another preferred temperature rise 
pattern is approximated polygonally. 

[In accordance with the more preferred teaching of the 
present invention, said] A preferred target temperature value 
[is a value for completing] completes the battery charge [at 
the lowest temperature] while minimizing the increase in 
battery temperature. 
A preferred battery charging method [for making a battery 

side hold information on] includes storing information con 
cerning a target temperature value[, which a] in the battery 
[is intended to reach,] corresponding to charging time and 
charging the battery [by means of] using a battery charger in 
accordance with the target temperature value, [according to 



US RE39,691 E 
3 

the present invention] characterized in that [said] the battery 
charger comprises: 

a storage device storing a temperature rise pattern for 
completing battery charge at the target temperature 
value read out from the battery side; 

a temperature detecting section for detecting a present 
battery temperature; 

a temperature rise pattern retrieving section for retrieving 
a temperature rise pattern from said storage device 
based on a battery temperature at the beginning of the 
battery charge and charging time; 

a temperature rise value outputting section for obtaining 
a temperature rise value from the temperature detected 
by said temperature detecting section; 

a current value retrieving section for retrieving a current 
value With Which the temperature rise value outputted 
from said temperature rise value outputting section 
becomes said temperature rise pattern; and 

a charge control section for charging the battery With the 
current value retrieved by said current value retrieving 
section. 

In accordance With the more preferred teaching of the 
present invention, said target temperature value is a value for 
completing the battery charge at the loWest temperature. 
A battery is charged While adjusting [a] the charging 

current [value] so that [a] the battery temperature [rise 
value] increase rate may be substantially constant. This 
makes it possible to charge the battery so that [a] the battery 
temperature at the time of the completion of charge 
[becomes] will be a predetermined value. It is, therefore, 
possible to charge a nickel metal hydride battery or the like 
[Which has large temperature increase] in a short time 
Without [increasing] overheating the battery [temperature]. 
A temperature [rise] increase pattern is retrieved [from 

charging time] based on the difference betWeen [a] the 
battery temperature at the beginning of battery charge and 
[a] the target temperature value Which the battery is intended 
to reach and Which is [held by] stored in a storage device. 
The battery is then charged While adjusting [a] the charging 
current [value] so that [a] the battery temperature [rise value 
may become] increase rate follows the temperature [rise] 
increase pattern. Due to this, by optimiZing the temperature 
[rise] increase pattern, it is possible to charge the battery so 
that a battery temperature at the time of the completion of 
charge may [become] be a predetermined value. It is, 
therefore, possible to charge a nickel metal hydride battery 
or the like[, Which has a large temperature increase,] in a 
short time Without [increasing] overheating the battery [tem 
perature]. 

[A temperature rise pattern is retrieved from charging 
time based on the difference betWeen a battery temperature 
at the beginning of battery charge and a target temperature 
value Which a battery is intended to reach and Which is held 
by a storage device. The battery is then charged While 
adjusting a current value so that a temperature rise value 
may become the temperature rise pattern. Due to this, by 
optimiZing the temperature rise pattern, it is possible to 
charge the battery so that a temperature at the time of the 
completion of charge may become the target temperature 
value Which the battery is intended to reach (the loWest 
temperature).] 
A temperature rise pattern is set such that the difference 

betWeen a battery temperature and an ambient temperature 
is small, a battery is dif?cult to cool, battery capacity is 
almost empty, temperature rise during battery is relatively 
small and a temperature rise value is relatively high in the 
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4 
?rst half of the battery charge, and set conversely such that 
the difference betWeen the battery temperature and the 
ambient temperature is large, the battery is easily cooled, 
temperature rise during battery charge is relatively large and 
the temperature rise value is relatively loW in the second half 
of the battery charge. That is, by setting the temperature rise 
pattern so as to optimiZe them altogether in cooperation With 
one another, it is possible to charge the battery so that the 
battery temperature at the time of the completion of charge 
may become the loWest temperature. 

Since a temperature rise pattern is approximated 
polygonally, processing such as arithmetic processing can be 
easily carried out. 
A target temperature value Which the temperature is 

intended to reach is a value for completing battery charge at 
the loWest temperature and alloWs charging the battery so 
that a battery temperature at the completion of charge may 
become the loWest temperature. 
A temperature rise pattern is retrieved from charging time 

based on the difference betWeen a battery temperature at the 
beginning of battery charge and a target temperature value 
Which the battery is intended to reach and Which is held by 
the storage device. The battery is then charged While adjust 
ing a current value so that the temperature rise value may 
become the temperature rise pattern. Due to this, by opti 
miZing the temperature rise pattern, it is possible to charge 
the battery so that the temperature at the time of the 
completion of charge may become the target temperature 
value Which the battery is intended to reach (the loWest 
temperature). 

Further, since the battery side holds data on the target 
temperature value Which the battery is intended to reach, it 
is possible to charge different types of batteries so that 
temperatures at the time of the completion of charge may 
become the target temperature values (the loWest 
temperatures), respectively. In various types of battery 
chargers, even a battery charger capable of quickly charging 
a battery in, for example, 15 minutes or that capable of 
charging a battery in one hour, it is possible to charge the 
battery so that the battery temperature at the time of the 
completion of charge may become the target temperature 
value Which the battery is intended to reach (the loWest 
temperature). 

Target temperature value Which the battery is intended to 
reach is a value for completing battery charge at the loWest 
temperature and alloWs charging the battery so that the 
temperature at the time of the completion of charge may 
become the loWest temperature value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a battery charger in 
embodiments according to the present invention. 

FIG. 2 is a perspective vieW of a battery pack in the 
embodiments according to the present invention. 

FIG. 3 is a perspective vieW of a battery-powered drill 
[employing] utilizing the battery pack shoWn in FIG. 2. 

FIG. 4 is a block diagram shoWing a control circuit in the 
battery charger shoWn in FIG. 1. 

FIG. 5 is an explanatory vieW for the charge principle of 
a battery charger in the ?rst embodiment according to the 
present invention. 

FIG. 6 is a graph shoWing the changes of charging current 
and battery temperature controlled by the battery charger. 

FIG. 7 is a graph shoWing the changes of charging current 
and battery temperature controlled by the battery charger. 

FIG. 8 is a How chart shoWing processing in the control 
section of the battery charger in the ?rst embodiment. 
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FIG. 9 is an explanatory vieW for the charge principle of 
a battery charger in the second embodiment. 

FIG. 10 is an explanatory vieW for the control principle of 
the battery charger in the second embodiment. 

FIG. 11 is a block diagram shoWing the control circuit of 
the battery charger in the second embodiment. 

FIG. 12 is a How chart shoWing processing in the control 
section of the battery charger in the second embodiment. 

FIG. 13 is a block diagram shoWing the control circuit of 
a battery charger in the third embodiment. 

FIG. 14 is a How chart shoWing processing in the control 
section of the battery charger in the third embodiment. 

FIG. 15 is an explanatory vieW shoWing the control 
principle of a battery charging method in the third embodi 
ment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Battery chargers and battery charging methods according 
to the embodiments of the present invention Will be 
described hereinafter With reference to the accompanying 
draWings. 

[The embodiments Which embody the present invention 
Will noW be described With reference to the accompanying 
draWings.] 

FIG. 1 shoWs a battery charger 10 [in] of the ?rst 
embodiment of the present invention, FIG. 2 shoWs a battery 
pack 50 charged by the battery charger 10 and FIG. 3 shoWs 
a battery-powered drill 70 driven by the battery pack 50. 
As shoWn in FIG. 2, the battery pack 50 containing a 

nickel metal hydride battery cell consists of a generally 
cylindrical ?tted part 52 and a generally prismatic base 55. 
A key-shaped key part 54 is formed on the side of the ?tted 
part 52 and the ?rst input terminal t1 connected to the 
positive electrode of the battery, the second input terminal 
t2a connected to the negative electrode thereof and the third 
terminal t3 connected to a temperature sensor consisting of 
a thermistor are arranged on the upper portion of the ?tted 
part 52. 
As shoWn in FIG. 1, the battery charger 10 charging the 

battery packs 50 is provided With a ?tting hole 12 into Which 
the ?tted part 52 of the battery pack 50 is ?tted. A keyWay 
14 for introducing the key part 54 of the ?tted part 52 is 
formed on the sideWall of the ?tting hole 12. The ?tting hole 
12 is resin molded integrally With a housing 16 forming the 
battery charger 10. In this embodiment, the key part 54 is 
provided at the ?tted part 52 of the battery pack 50 and the 
keyWay 14 is provided at the ?tting hole 12 of the battery 
charger 10, thereby preventing the battery pack 50 from 
being installed in a Wrong direction. The ?rst to third output 
terminals, Which are not shoWn, are provided at the bottom 
of the ?tting hole 12 to contact With the ?rst to third 
terminals t1, t2a and t3 of the battery pack 50, respectively. 
An LED lamp 18 is provided on the upper portion of the 
battery charger 10 to indicate that battery charge is being 
conducted. 
As shoWn in FIG. 3, the battery-powered drill 70 [is 

provided With] includes a ?tting hole 72 into Which the ?tted 
part 52 of the battery pack 50 is ?tted, and is [constituted] 
designed so as to rotate a chuck 76 [by] using a motor, Which 
is not shoWn, When supplied With poWer from the ?rst input 
terminal t1 and the second input terminal t2a of the battery 
pack 50. When the battery-powered drill 70 is used, a 
plurality of batteries in the battery pack 50, each 0fWhich 
[are completed With charge] has been completed charged, 
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6 
are sequentially used so that the battery-powered drill 70 can 
continuously operate. To this end, the battery charger [in] 10 
of this embodiment is [constituted] designed so as to be 
capable of quickly charging the battery pack 50 in about 30 
minutes. 

FIG. 4 shoWs the con?guration of a control circuit 30 in 
the battery charger 10. The control circuit 30 consists of a 
temperature detecting section 38 detecting a battery tem 
perature from an output value from a temperature sensor 
(thermistor) 56 provided at the battery pack 50 side, a 
storage section 39 storing current value control information 
to be described later, a control section 36 differentiating the 
temperature value outputted from the temperature detecting 
section 38, obtaining a temperature rise value, obtaining a 
current value With Which a battery is chargeable While 
suppressing the temperature rise value and outputting the 
current value as a current command value to a charging 
current control section 34, and the charging current control 
section 34 controlling a poWer supply circuit 32 based on the 
current command value from the control section 36 and 
adjusting battery charging current. 

Next, the operation principle of the battery charger in the 
?rst embodiment Will be described. 

If the charging current [for a] supplied to the battery 
[increases] is increased, charging time becomes shorter but 
battery temperature [rise] increase becomes larger. 
Conversely, if the charging current [decreases] is decreased, 
charging time becomes longer but battery temperature [rise] 
increase becomes smaller. A nickel metal hydride battery, in 
particular, has characteristics that a temperature gradient 
(temperature [rise value] increase rate) varies greatly With 
the charging current and the already charged capacity. Due 
to this, in this embodiment, battery charge is conducted 
While [changing the] adjusting the charging current [value] 
so as to [suppress] minimize battery temperature [rise] 
increase. In other Words, [the] conventional battery [charger 
charges] chargers charge a battery [With] using a ?xed 
current value, Whereas the battery charger [in] of this 
embodiment determines the state of [a] the battery based on 
[a] the battery temperature [rise value] increase rate and 
charges the battery While changing the charging current 
[value] With Which the temperature se] increase rate of the 
battery is made ?xed, that is, While changing the charging 
current [value according] in response to the temperature 
[rise] increase of the battery. 

In this embodiment, if battery temperature is high, rela 
tively loW charging current is applied to the battery. If the 
battery temperature is loW, relatively high charging current 
is applied thereto. 
The operation principle of the battery charger in the ?rst 

embodiment Will be described in more detail With reference 
to FIG. 5. In FIG. 5, the vertical axis indicates battery 
temperature rise values and the horizontal axis indicates 
charging time. A curve L therein shoWs temperature rise 
values at the time of the completion of battery charge 
corresponding to the charging time While the battery is 
charged so that the temperature rise value may be constant. 
The curve L indicates, for instance, that if current is con 
trolled so that the battery temperature Which starts at 20° C. 
may reach 53° C. (a temperature rise value of 33 degrees), 
charging time is 20 minutes, if current is controlled so that 
the battery temperature may reach 43° C. (a temperature rise 
value of 23 degrees), charging time is 30 minutes and that if 
current is controlled so that the battery temperature may 
reach 78° C. (a temperature rise value of 58 degrees), 
charging time is 10 minutes. 














