
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

77
8 

70
2

A
2

TEPZZ 7787Z A T
(11) EP 2 778 702 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
17.09.2014 Bulletin 2014/38

(21) Application number: 14158236.1

(22) Date of filing: 07.03.2014

(51) Int Cl.:
G01R 31/36 (2006.01) H01M 10/42 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 12.03.2013 JP 2013049629

(71) Applicant: Panasonic Corporation
Kadoma-shi
Osaka 571-8501 (JP)

(72) Inventors:  
• Okada, Masaaki

Chuo-ku, Osaka 540-6207 (JP)
• Ikeda, Masaki

Chuo-ku, Osaka 540-6207 (JP)

(74) Representative: Appelt, Christian W.
Boehmert & Boehmert 
Anwaltspartnerschaft mbB 
Patentanwälte Rechtsanwälte 
Pettenkoferstrasse 20-22
80336 München (DE)

(54) Battery meter and power tool including battery meter

(57) A battery meter (25) for use with a rechargeable
battery (30) that supplies power to an electrical load. A
voltage measurement unit (26) measures an inter-termi-
nal voltage (Vt) of the rechargeable battery (30). An an-
nouncement unit (27) announces rechargeable battery
remaining capacity information based on the measure-
ment of the inter-terminal voltage. An announcement re-
quest switch (28) outputs an announcement request (SC)

for requesting announcement of the remaining capacity
information. The announcement unit announces the re-
maining capacity information when the announcement
request is received during a period in which the electrical
load is not supplied with power, and does not announce
the remaining capacity information regardless of whether
or not the announcement request is received during a
period in which the electrical load is supplied with power.
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Description

[0001] The present invention relates to a battery meter,
which announces the remaining capacity of a recharge-
able battery, and a power tool including a battery meter.
[0002] Japanese Laid-Open Patent Publication No.
7-192772 describes a method for indicating the remain-
ing capacity of a rechargeable battery. The method in-
cludes a process for correcting an estimation error of the
remaining capacity of the rechargeable battery when us-
ing a large current. To perform the correction, the remain-
ing capacity is calculated from an accumulated value of
the discharge current and the battery voltage. When the
battery voltage decreases to a set voltage, a correction
is made to the remaining capacity that is calculated with
the battery voltage.
[0003] Japanese Laid-Open Patent Publication No.
2007-139549 describes a method for measuring the re-
maining capacity of a rechargeable battery. The method
includes a remaining capacity computation process per-
formed in correspondence with different situations,
namely, before an electrical load is supplied with power
(i.e., when power is not supplied), when the electrical
load is supplied with power, and after the electrical load
is supplied with power.
[0004] In the remaining capacity measurement for the
rechargeable battery of the above embodiments, the in-
ventors of the present invention have noticed that during
usage of the rechargeable battery, the computation result
of the remaining capacity deviates greatly from the actual
remaining capacity. Thus, for example, when the re-
chargeable battery is supplying a large current to the
electrical load, it would be difficult to accurately estimate
the remaining capacity of the rechargeable battery.
[0005] In the techniques of the above publications, an
electric instrument may indicate that the remaining ca-
pacity of the rechargeable battery is low even though the
actual remaining capacity is high enough to permit dis-
charging of the rechargeable battery. Such an incorrect
indication would prompt the user of the electric instru-
ment to replace the rechargeable battery. On the other
hand, an electric instrument may indicate that the remain-
ing capacity of the rechargeable battery is sufficient even
though the actual remaining capacity is low such that
discharging of the rechargeable battery should be pro-
hibited. Such an incorrect indication would result in the
user continuing the use of the electric instrument. This
would lead to over-discharging of the rechargeable bat-
tery.
[0006] It is an object of the present invention to provide
a battery meter that obviates or limits the announcement
of incorrect remaining capacity information of a recharge-
able battery and a power tool including a battery meter.
[0007] One aspect of the present invention is battery
meter for use with a rechargeable battery that supplies
power to an electrical load. The battery meter includes a
voltage measurement unit for measuring an inter-termi-
nal voltage of the rechargeable battery, an announce-

ment unit for announcing rechargeable battery remaining
capacity information based on the measurement of the
inter-terminal voltage, and an announcement request
switch for outputting an announcement request for re-
questing announcement of the remaining capacity infor-
mation. The announcement unit is configured to an-
nounce the remaining capacity information when the an-
nouncement request is received during a period in which
the electrical load is not supplied with power, and not
announce the remaining capacity information regardless
of whether or not the announcement request is received
during a period in which the electrical load is supplied
with power.
[0008] Preferably, the announcement unit is config-
ured to generate the remaining capacity information
when the announcement request is received during a
period in which the electrical load is not supplied with
power, and announce the remaining capacity informa-
tion, which is generated when the announcement request
is received, throughout a set announcement period even
when the inter-terminal voltage changes after the an-
nouncement request is received.
[0009] Preferably, the announcement unit includes a
recovery prediction function or a recovery prediction map
for predicting recovery of the inter-terminal voltage when
the supply of power to the electrical load is stopped. Fur-
ther, the announcement unit is configured to predict a
recovered inter-terminal voltage with the recovery pre-
diction function or the recovery prediction map when the
supply of power to the electrical load is stopped, and
generate the rechargeable battery remaining capacity in-
formation based on the prediction of the recovered inter-
terminal voltage.
[0010] Preferably, when the supply of power to the
electrical load is started during an announcement of the
rechargeable battery remaining capacity information, the
announcement unit interrupts the announcement of the
rechargeable battery remaining capacity information.
[0011] Preferably, the announcement unit includes an
indicator that visually indicates the rechargeable battery
remaining capacity information.
[0012] Preferably, the announcement unit includes a
voice generator that generates a voice to announce the
rechargeable battery remaining capacity information.
[0013] Preferably, the electrical load is the motor.
[0014] A further aspect of the present invention is a
power tool including an electrical load and the aforemen-
tioned battery meter.
[0015] As will be appreciated, other aspects, embodi-
ments, and/or configurations of the disclosure are pos-
sible utilizing, alone or in combination, one or more of
the features set forth above or described in detail below.
[0016] The invention, together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:
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Fig. 1 is a perspective view showing one embodi-
ment of a power tool;
Fig. 2 is a block diagram of an electric circuit in the
power tool of Fig. 1;
Fig. 3 is a graph showing the relationship of the inter-
terminal voltage of the rechargeable battery and the
remaining capacity;
Fig. 4 is a table illustrating the announcement of the
remaining capacity;
Fig. 5 is a graph illustrating changes in the inter-ter-
minal voltage of the rechargeable battery when the
supply of power is started;
Fig. 6 is a graph illustrating changes in the inter-ter-
minal voltage of the rechargeable battery when the
supply of power is stopped;
Fig. 7 is a flowchart illustrating a remaining capacity
announcement starting process;
Fig. 8 is a flowchart illustrating a remaining capacity
announcement stopping process;
Fig. 9 is a timing chart illustrating the period during
which the remaining capacity information is indicat-
ed;
Fig. 10 is a timing chart illustrating forcible interrup-
tion of the indication of the remaining capacity infor-
mation;
Fig. 11 is a timing chart illustrating the indication of
the remaining capacity information in accordance
with the inter-terminal voltage of the rechargeable
battery; and
Fig. 12 is a diagram illustrating changes in the inter-
terminal voltage of the rechargeable battery.

[0017] One embodiment of a power tool 1 will now be
described.
[0018] Fig. 1 shows a chargeable drill driver, which is
one example of the power tool 1. The power tool 1 in-
cludes a tool main body 2 and a battery pack 3, which is
attached to the tool main body 2 in a removable manner.
The tool main body 2 includes a housing 10 and an elec-
tric circuit 20, which is accommodated in the housing 10
(refer to Fig. 2).
[0019] The housing 10 includes a barrel 11, a chuck
12, and a grip 13. The electric circuit 20 is accommodated
in, for example, the barrel 11. The chuck 12 holds a re-
movable tool bit (e.g., drill).
[0020] A trigger lever 14 is coupled to, for example, an
upper portion 13a of the grip 13 near the barrel 11.
[0021] The trigger lever 14 is used to set the torque
applied to the tool bit (e.g., drill). The torque is increased
in accordance with the pulled amount of the trigger lever
14. A spring may be used to outwardly urge the trigger
lever 14 from the grip 13. The trigger lever 14 is pulled
into the grip 13 when operated. The trigger lever 14 out-
puts a trigger signal Str having a level that is in accord-
ance with the pulled amount. The pulled amount is, for
example, the movement distance of the trigger lever 14
when the trigger lever 14 is pulled.
[0022] The grip 13 includes a lower portion 13b (side

farther from the barrel 11) and a middle portion 13c. The
lower portion 13b is wider than the middle portion 13c.
The lower portion 13b of the grip 13 includes a lower
surface, to which a battery pack 3 is attached in a remov-
able manner, and an upper surface, on which an indicator
27b and an announcement request switch 28 are ar-
ranged.
[0023] The indicator 27b includes, for example, three
light emitting diodes (LEDs), namely, first to third LEDs
271 to 273. In the illustrated example, the first to third
LEDs 271 to 273 are arranged in a single line.
[0024] The announcement request switch 28 is oper-
ated by the user of the power tool 1. The announcement
request switch 28 may be, for example, a push button
that is moved in a pushing direction to a pushed position
when pushed and returned to an original normal position
when released.
[0025] The battery pack 3 and the electric circuit 20 of
the power tool 1 will now be described with reference to
Fig. 2.
[0026] The battery pack 3 incorporates a rechargeable
battery 30. The rechargeable battery 30 may be any re-
chargeable battery cell, such as a lithium-ion recharge-
able battery, a lithium rechargeable battery, or a nickel-
metal hydride battery. The battery pack 3, or the re-
chargeable battery 30, includes a positive electrode 32
and a negative electrode 33 that are configured to be
connectable to the electric circuit 20 of the power tool 1.
The rechargeable battery 30 includes one or more battery
cells 31. In the illustrated example, the battery cells 31
are connected in series.
[0027] The electric circuit 20 of the power tool includes
a circuit main body 21 and a battery meter 25. The circuit
main body 21 includes a motor 22 (electric motor), a drive
circuit 23, and a main body control unit 24.
[0028] The motor 22 is a driving device that rotates the
tool bit (e.g., drill). In comparison with the drive circuit 23
and the main body control unit 24, the motor 22 consumes
a large amount of power. The power supplied from the
rechargeable battery 30 is mainly consumed by the motor
22. Thus, the motor 22 substantially acts as the main
electrical load of the rechargeable battery 30 and is re-
ferred to as the electrical load that most dominantly af-
fects the estimation of the remaining capacity C.
[0029] The main body control unit 24 receives the trig-
ger signal Str, generates a control signal for controlling
the motor 22 in accordance with the level of the trigger
signal Str, and provides the control signal to the drive
circuit 23. The main body control unit 24, for example,
increases the power supplied to the motor 22 as the level
of the trigger signal Str increases. When the trigger signal
Str is null, the main body control unit 24 supplies the
motor 22 with substantially no power. In a non-restrictive
example, the control signal may be a pulse width modu-
lation (PWM) signal.
[0030] The drive circuit 23 supplies the motor 22 with
power that is in accordance with the control signal re-
ceived from the main body control unit 24.
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[0031] The main body control unit 24 determines
whether or not power is supplied to the motor 22 based
on, for example, the level of the trigger signal Str from
the trigger lever 14, the amount of current supplied to the
motor 22, or the rotation speed of the motor 22. When
power is supplied to the motor 22, the main body control
unit 24 provides an announcement unit 27 with a power
supply determination signal SX indicating that the motor
22 is being supplied with power.
[0032] The main body control unit 24 receives an an-
nouncement request signal SC from the announcement
request switch 28 and transmits the announcement re-
quest SC to the announcement unit 27. In a different ex-
ample, the announcement request switch 28 directly pro-
vides the announcement request SC to the announce-
ment unit 27 and does not transmit the announcement
request SC via the main body control unit 24.
[0033] The battery meter 25 will now be described. The
battery meter 25 includes a voltage measurement unit
26, the announcement unit 27, and the announcement
request switch 28.
[0034] The voltage measurement unit 26 measures the
potential difference between a positive terminal 29a and
a negative terminal 29b of the electric circuit 20 and pro-
vides the main body control unit 24 with a measurement
signal indicating the potential difference. The potential
difference between the positive terminal 29a and the neg-
ative terminal 29b corresponds to the inter-terminal volt-
age Vt of the rechargeable battery 30. The positive ter-
minal 29a is connected to the positive electrode 32 of the
battery pack 3, or the rechargeable battery 30. The neg-
ative terminal 29b is connected to the negative electrode
33 of the battery pack 3, or the rechargeable battery 30.
[0035] Referring to Fig. 1, the announcement request
switch 28 is operated by the user of the power tool 1.
When operated, the announcement request switch 28
sends an announcement request SC to the announce-
ment unit 27 to request the announcement unit 27 to an-
nounce information related to the rechargeable battery
remaining capacity C (hereinafter, referred to as the re-
maining capacity information). For example, the an-
nouncement request switch 28 provides the main body
control unit 24 with the announcement request SC when
pushed and does not output the announcement request
[0036] SC when not pushed (normal condition).
[0037] The announcement unit 27 includes an an-
nouncement controller 27a and the indicator 27b. Based
on the announcement request SC and the power supply
determination signal SX, the announcement controller
27a determines whether or not to indicate the remaining
capacity information of the rechargeable battery 30 with
the indicator 27b. When determining to announce the
remaining capacity information of the rechargeable bat-
tery 30, the announcement controller 27a indicates the
remaining capacity information on the indicator 27b.
[0038] In accordance with the determination result of
the announcement controller 27a, the indicator 27b indi-
cates the remaining capacity information. The announce-

ment controller 27a controls the lighting of the first to third
LEDs 271 to 273. For example, the announcement con-
troller 27a activates or deactivates each of the first to
third LEDs 271 to 273 in accordance with the recharge-
able battery remaining capacity C.
[0039] The indication of the rechargeable battery re-
maining capacity C will now be described with reference
to Figs. 3 and 4. Fig. 3 shows the relationship of the inter-
terminal voltage V of the rechargeable battery 30 and the
rechargeable battery remaining capacity C when the dis-
charge current of the rechargeable battery 30 is substan-
tially zero. The rechargeable battery remaining capacity
C decrease as the inter-terminal voltage Vt of the re-
chargeable battery 30 decreases. This allows the main
body control unit 24 to estimate the rechargeable battery
remaining capacity C based on the inter-terminal voltage
Vt of the rechargeable battery 30.
[0040] Fig. 4 is a table showing an indication example
of the rechargeable battery remaining capacity C.
[0041] When the inter-terminal voltage Vt of the re-
chargeable battery 30 is lower than voltage V1, the re-
chargeable battery remaining capacity C is less than ca-
pacity C1 (level 0). In this case, the first LED 271 is in-
termittently illuminated.
[0042] When the inter-terminal voltage Vt of the re-
chargeable battery 30 is higher than or equal to voltage
V1 and less than voltage V2, the rechargeable battery
remaining capacity C is greater than or equal to capacity
C1 and less than capacity C2 (level 1). In this case, the
first LED 271 is continuously illuminated.
[0043] When the inter-terminal voltage Vt of the re-
chargeable battery 30 is higher than or equal to voltage
V2 and less than voltage V3, the rechargeable battery
remaining capacity C is greater than or equal to capacity
C2 and less than capacity C3 (level 2). In this case, the
first and second LEDs 271 and 272 are continuously il-
luminated.
[0044] When the inter-terminal voltage Vt of the re-
chargeable battery 30 is higher than or equal to voltage
V3, the rechargeable battery remaining capacity C is
greater than or equal to capacity C3 (level 3). In this case,
the first to third LEDs 271 to 273 are continuously illumi-
nated.
[0045] Changes in the inter-terminal voltage Vt of the
rechargeable battery 30 will now be described.
[0046] Fig. 5 shows changes in the inter-terminal volt-
age Vt of the rechargeable battery 30 when the supply
of power to the motor 22 is started. At time t1, the user
operates the trigger lever 14 to start the supply of power
to the motor 22. Due to relatively large inrush current,
the inter-terminal voltage Vt of the rechargeable battery
30 decreases temporarily and rapidly increases to show
an extreme drop. Thereafter, the inter-terminal voltage
Vt of the rechargeable battery 30 gradually and slightly
increases as power is continuously consumed by the mo-
tor 22.
[0047] Fig. 6 shows changes in the inter-terminal volt-
age Vt of the rechargeable battery 30 when the supply
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of power to the motor 22 is stopped. At time t2, the user
releases the trigger lever 14 and stops the supply of pow-
er to the motor 22. This gradually and slightly increases
the inter-terminal voltage Vt of the rechargeable battery
30. The slight voltage increase occurs because the dis-
charge current is large when the motor 22 operates, the
voltage drop caused by the internal resistance of the re-
chargeable battery 30 is large, and the estimated or
measured inter-terminal voltage Vt (measured value) is
lower than the inter-terminal voltage (true value) corre-
sponding to the actuator remaining capacity Cr.
[0048] A problem that arises when indicating the re-
chargeable battery remaining capacity C based on the
inter-terminal voltage Vt of the rechargeable battery 30
will now be described.
[0049] When the motor 22 consumes a large amount
of motor 22, that is, when the discharge current of the
rechargeable battery 30 is large, the inter-terminal volt-
age (measured value) of the rechargeable battery 30 dur-
ing operation of the motor 22 is lower than the inter-ter-
minal voltage (true value) corresponding to the actual
rechargeable battery remaining capacity Cr. Further, the
voltage difference between the inter-terminal voltage Vt
(measured value) of the rechargeable battery 30 during
operation of the motor 22 and the inter-terminal voltage
(true value) corresponding to the actual rechargeable
battery remaining capacity Cr is large such that it cannot
be ignored when estimating the rechargeable battery re-
maining capacity C. Thus, when estimating the recharge-
able battery remaining capacity C based on the inter-
terminal voltage Vt of the rechargeable battery 30 meas-
ured during operation of the motor 22, the estimated val-
ue would be lower than the actual rechargeable battery
remaining capacity Cr. The low estimated value would
lead to the following problem during usage of the power
tool 1.
[0050] For example, if the user checks the rechargea-
ble battery remaining capacity C when operating the pow-
er tool 1 and the rechargeable battery remaining capacity
C is low, the user would replace the battery pack 3 with
another battery pack. However, the rechargeable battery
remaining capacity C when the power tool 1 is operating
is indicated as being lower than the actual rechargeable
battery remaining capacity Cr. Thus, the user would be
replacing the battery pack 3 based on an incorrect esti-
mation result of the rechargeable battery remaining ca-
pacity. When the rechargeable battery remaining capac-
ity C is indicated during operation of the power tool 1, the
battery pack 3 may be replaced even though the battery
pack 3 can still be used. In this manner, even though the
battery pack 3 is still usable, the user would replace the
battery pack 3. This increases the number of times the
battery pack 3 is replaced. Further, the user would erro-
neously believe that the power loss is large in the power
tool 1, and the frequent battery pack replacement would
be inconvenient for the user.
[0051] In this regard, the power tool 1 of the present
embodiment performs a process that stops the indication

of the rechargeable battery remaining capacity C when
the motor 22 is operating. One example of the process
will now be described.
[0052] A process for starting a remaining capacity an-
nouncement will now be described with reference to Fig.
7. The announcement unit 27 performs the remaining
capacity announcement starting process in predeter-
mined cycles.
[0053] In step S110, the announcement controller 27a
determines whether or not the motor 22 is being supplied
with power. The determination is based on the power
supply determination signal SX from the main body con-
trol unit 24. For example, when receiving the power sup-
ply determination signal SX, the announcement control-
ler 27a determines that the motor 22 is being supplied
with power. When the power supply determination signal
SX is not received, the announcement controller 27a de-
termines that the motor 22 is not being supplied with pow-
er.
[0054] When the motor 22 is being supplied with power
(YES in step S 110), the announcement controller 27a
ends the remaining capacity announcement starting
process.
[0055] When the motor 22 is not being supplied with
power (NO in step S110), in step S120, the announce-
ment controller 27a determines whether or not the an-
nouncement request SC has been received.
[0056] When the announcement request SC has not
been received (NO in step S120), the announcement
controller 27a ends the remaining capacity announce-
ment starting process.
[0057] When the announcement request SC has been
received (YES in step S 120), in step S130, the an-
nouncement controller 27a measures the inter-terminal
voltage Vt of the rechargeable battery 30.
[0058] In step S140, the announcement controller 27a
generates the remaining capacity information based on
the measured inter-terminal voltage Vt and announces
the remaining capacity information. The remaining ca-
pacity information indicates the level of the rechargeable
battery remaining capacity C. The remaining capacity in-
formation is indicated based on the level of the recharge-
able battery remaining capacity C shown in the row at
the left end of Fig. 4.
[0059] A process for stopping the remaining capacity
announcement will now be described with reference to
Fig. 8. The announcement unit 27 performs the remaining
capacity announcement stopping process while an-
nouncing the rechargeable battery remaining capacity C.
[0060] In step S210, the announcement unit 27 deter-
mines whether or not the remaining capacity information
is being announced. When the remaining capacity infor-
mation is not being announced (NO in step S210), the
announcement unit 27 ends the remaining capacity an-
nouncement stopping process. The announcement unit
27 may be configured not to perform the remaining ca-
pacity announcement stopping process when the re-
maining capacity information is not being announced.
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[0061] When the remaining capacity information is be-
ing announced (YES in step S210), in step S220, the
announcement unit 27 determines whether or not the an-
nouncement time of the remaining capacity information
is longer than a predetermined set announcement period
Tx. The set announcement period Tx is set to be long
enough to allow the user to acknowledge the remaining
capacity information.
[0062] When the announcement time of the remaining
capacity information is longer than the set announcement
period Tx (YES in step S220), the remaining capacity
information should have been acknowledged by the user.
Thus, the announcement unit 27 stops the announce-
ment of the remaining capacity information. Under nor-
mal situations, the remaining capacity information is an-
nounced throughout the set announcement period Tx.
[0063] Even if the inter-terminal voltage Vt of the re-
chargeable battery 30 changes during the announce-
ment of the remaining capacity information, the remain-
ing capacity information, which is set during step S 140
during the remaining capacity announcement starting
process, is continuously announced without being
changed until the set announcement period Tx ends or
an announcement stopping command is received.
[0064] When the announcement time of the remaining
capacity information is shorter than or equal to the set
announcement period Tx (NO in step S220), in step
S230, the announcement unit 27 determines whether or
not power is being supplied to the motor 22. For example,
when the power supply determination signal SX is re-
ceived from the main body control unit 24, the announce-
ment controller 27a determines that the motor 22 is being
supplied with power.
[0065] When the motor 22 is being supplied with power
(YES in step S230), in step S250, the announcement unit
27 stops the announcement of the remaining capacity
information. As described above, the announcement is
stopped because the estimation accuracy of the re-
chargeable battery remaining capacity C, which is based
on the inter-terminal voltage Vt, is low when power is
being supplied to the motor 22.
[0066] When the motor 22 is not being supplied with
power (NO in step S230), in step S240, the announce-
ment unit 27 determines whether or not an announce-
ment request SC has been received.
[0067] When an announcement request SC has not
been received (NO in step S240), the announcement unit
27 returns to step S220.
[0068] When an announcement request SC has been
received (YES in step S240), in step S260, the announce-
ment unit 27 performs the remaining capacity announce-
ment starting process. When he remaining capacity an-
nouncement starting process is started, the previous an-
nouncement time and the previous remaining capacity
information are reset or initialized, and the announce-
ment time and the inter-terminal voltage Vt are measured
from the beginning. When the remaining capacity an-
nouncement starting process is performed, the remain-

ing capacity announcement stopping process is termi-
nated.
[0069] For example, the announcement of the remain-
ing capacity information is continued throughout the set
announcement period Tx. However, when the motor 22
is supplied with power during the announcement of the
remaining capacity information, the announcement is in-
terrupted. When a new announcement request SC is re-
ceived during the announcement of the remaining capac-
ity information, the remaining capacity announcement
starting process is performed as long as the motor 22 is
not supplied with power.
[0070] The operation of the battery meter 25 will now
be described with reference to Figs. 9 to 11.
[0071] Time t11 in Fig. 9 indicates the timing in which
the announcement unit 27 receives the announcement
request SC when the motor 22 is not being supplied with
power. At time t11, the remaining capacity announce-
ment starting process indicates the remaining capacity
information of the rechargeable battery 30 with the indi-
cator 27b. For example, when the inter-terminal voltage
Vt of the rechargeable battery 30 is higher than or equal
to voltage V3, the first to third LEDs 271 to 273 are con-
tinuously illuminated. The remaining capacity information
is indicated during the period from time t11 to time t12,
which is when the set announcement period Tx ends.
[0072] At time t13, the supply of power to the motor 22
starts. At time t14, the announcement unit 27 receives
an announcement request SC when the motor 22 is being
supplied with power. In this case, since the motor 22 is
being supplied with power, due to the remaining capacity
announcement starting process, the indicator 27b does
not indicate the remaining capacity information of the re-
chargeable battery 30 even though the announcement
request SC has been received. Accordingly, the first to
third LEDs 271 to 273 remain deactivated.
[0073] The processing performed when the remaining
capacity information of the rechargeable battery 30 is
being indicated as the supply of power to the motor 22
starts will now be described with reference to Fig. 10.
[0074] At time t21, which is before power is supplied
to the motor 22, the announcement unit 27 receives an
announcement request SC. Thus, at time t21, the remain-
ing capacity announcement starting process indicates
the remaining capacity information of the rechargeable
battery 30 with the indicator 27b.
[0075] At time t22, the supply of power to the motor 22
is started. Time t22 is before the set announcement pe-
riod Tx ends, or before t23. However, the determination
of step S230 in the remaining capacity announcement
stopping process interrupts the indication of the remain-
ing capacity information. In this manner, when the motor
22 is supplied with power, the remaining capacity infor-
mation of the rechargeable battery 30 is not indicated.
[0076] The processing performed when the announce-
ment request switch 28 is successively pushed immedi-
ately after the supply of power to the motor 22 stops will
now be described. The double-dashed line in Fig. 11
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show changes in the inter-terminal voltage Vt of the re-
chargeable battery 30.
[0077] At time t31, the supply of power to the motor 22
is stopped. At each of times t32, t33, and t34, the an-
nouncement request switch 28 is pushed, and the an-
nouncement request SC is provided to the announce-
ment unit 27. In Fig. 11, the period between time t32 and
time t33 and the period between time t33 and time t34
are shorter than the set announcement period Tx. Thus,
while the remaining capacity information generated at
time t31 is being announced, the announcement unit 27
starts announcing the remaining capacity information
that is newly generated at time t32. Then, while the re-
maining capacity information generated at time t32 is be-
ing announced, the announcement unit 27 starts an-
nouncing the remaining capacity information that is newly
generated at time t33.
[0078] When the supply of power to the motor 22 is
stopped, the inter-terminal voltage Vt of the rechargeable
battery 30 may gradually increase. Thus, the remaining
capacity information indicated by the indicator 27b is up-
dated at time t32, time t33, and time t34.
[0079] For example, as shown in Fig. 11, the inter-ter-
minal voltage Vt measured at time t32, time t33, and time
t34 may be voltage V11, voltage V12, and voltage V13,
respectively. Further, voltage V11 and voltage V12 may
be between voltage V2 and voltage V3 in the table of Fig.
4, and voltage V13 may be higher than or equal to voltage
V3 in the table of Fig. 4. In this case, the indicator 27b
continuously illuminates two LEDs, namely, the first LED
271 and the second LED 272. Then, the indicator 27b
continuously illuminates three LEDs, namely, the first
LED 271, the second LED 272, and the third LED 273.
[0080] The advantages of the present embodiment will
now be described.
[0081] (1) The battery meter 25 includes the announce-
ment unit 27. As shown in Fig. 9, the announcement unit
27 announces the remaining capacity information when
receiving the announcement request SC as long as pow-
er is not being supplied to the motor 22. However, when
power is being supplied to the motor 22, the announce-
ment unit 27 does not announce the remaining capacity
information regardless of whether or not the announce-
ment request SC is received.
[0082] The inter-voltage Vt of the rechargeable battery
30 when power is being supplied to the motor 22 is lower
than the actual inter-terminal voltage of the rechargeable
battery 30, that is, the inter-terminal voltage Vt when dis-
charging is not performed. Thus, when power is being
supplied to the motor 22, the remaining capacity infor-
mation is not announced regardless of whether or not
the announcement request SC is received. This obviates
or limits the announcement of incorrect remaining capac-
ity information of the rechargeable battery 30 to the user.
[0083] (2) In the present embodiment, as shown in Fig.
11, when the announcement unit 27 announces the re-
maining capacity information, the announcement unit 27
announces the remaining capacity information generat-

ed when the announcement request SC is received with-
out changing the remaining capacity information through-
out the set announcement period Tx.
[0084] This allows for stable announcement of the re-
maining capacity information.
[0085] If the remaining capacity information were to be
changed in accordance with changes in the inter-terminal
voltage of the rechargeable battery 30, the information
indicated by the indicator 27b would be frequently
changed. For example, when the inter-terminal voltage
Vt increases and decreases around voltage V2, which is
shown in Fig. 4, the indication of the indicator 27b would
be frequently changed. This would result in the user er-
roneously determining that the rechargeable battery 30
is unstable. Thus, by stabilizing the indication of the re-
maining capacity information, the user would not errone-
ously determine that the rechargeable battery 30 is un-
stable.
[0086] (3) In the present embodiment, as shown in Fig.
10, if the announcement unit 27 receives a signal indi-
cating that power is being supplied to the motor 22 when
announcing the remaining capacity information of the re-
chargeable battery 30, the announcement unit 27 stops
announcing the remaining capacity information of the re-
chargeable battery 30.
[0087] For example, when the supply of power to the
motor 22 is started, the rechargeable battery remaining
capacity C starts to decrease. Thus, if the remaining ca-
pacity information of the rechargeable battery 30 were
to be continuously announced when the supply of power
to the motor 22 starts, incorrect remaining capacity infor-
mation of the rechargeable battery 30 would be an-
nounced to the user. In the above embodiment, if the
supply of power to the motor 22 starts when the remaining
capacity information of the rechargeable battery 30 is
being announced, the announcement is stopped. This
obviates or limits the announcement of such incorrect
remaining capacity information.
[0088] (4) In the present embodiment, the announce-
ment unit 27 includes the indicator 27b, which indicates
the remaining capacity information of the rechargeable
battery 30. This allows for the user to view the remaining
capacity information of the rechargeable battery 30.
[0089] (5) In the present embodiment, the main elec-
trical load of the rechargeable battery 30 is the motor 22.
The motor 22 consumes a large amount of power, and
changes are large in the amount of the consumed current.
Due to the voltage drops in the internal resistance of the
rechargeable battery 30 that cannot be ignored, the re-
chargeable battery remaining capacity C estimated when
the motor 22 is being driven easily becomes incorrect.
Thus, by applying the battery meter 25 of the present
embodiment to the electric circuit 20 including the motor
22, the announcement of incorrect remaining capacity
information of the rechargeable battery 30 may be obvi-
ated or limited.
[0090] (6) The power tool 1 of the present embodiment
includes the battery meter 25. This allows for the an-
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nouncement of incorrect remaining capacity information
of the rechargeable battery 30 to be obviated or limited.
[0091] It should be apparent to those skilled in the art
that the present invention may be embodied in many oth-
er specific forms without departing from the spirit or scope
of the invention. Particularly, it should be understood that
the present invention may be embodied in the following
forms, which may be combined with one another.
[0092] In the above embodiment, whenever the re-
maining capacity announcement starting process is ex-
ecuted, the inter-terminal voltage Vt of the rechargeable
battery 30 is measured, and the remaining capacity in-
formation based on the inter-terminal voltage Vt is indi-
cated by the indicator 27b. Thus, as shown in Fig. 11,
during the period the inter-terminal Vt recovers immedi-
ately after the supply of power to the motor 22 is stopped,
the indication of the indicator 27b would change if the
announcement request switch 28 were to be pushed a
number of times. Although the announcement request
switch 28 would be seldom pushed a number of times
during the period the inter-terminal voltage Vt recovers,
such changes in the indication of the indicator 27b may
result in the user determining that the rechargeable bat-
tery remaining capacity C is increasing. Thus, it is pref-
erable that changes be decreased in the indication of the
indicator 27b when the rechargeable battery remaining
capacity C increases. Accordingly, during the recovery
of the inter-terminal voltage Vt immediately after the sup-
ply of power to the motor 22 stops, the recovered inter-
terminal voltage Vt may be predicted, and the remaining
capacity information may be announced based on the
prediction.
[0093] For example, the announcement unit 27 may
be configured to include a recovery prediction function
(double-dashed line in Fig. 12) for predicting the recov-
ered inter-terminal voltage Vt. The recovery prediction
function is set through discharge tests or the like con-
ducted on the rechargeable battery 30. Further, the re-
covery prediction function is configured to calculate the
inter-terminal voltage Vt after a predetermined period by
inputting an initial inter-terminal voltage Vt.
[0094] The operation of the announcement unit 27 will
now be described with reference to Fig. 12.
[0095] Fig. 12 is a chart for predicting the recovered
inter-terminal voltage Vt immediately after the supply of
power to the motor 22 is stopped.
[0096] When predicting the recovered inter-terminal
voltage Vt, the inter-terminal voltage Vt is measured im-
mediately after the supply of power to the motor 22 is
stopped, and the voltage V22 obtained through the meas-
urement is input as an initial value to the recovery pre-
diction function. Further, the terminal voltage Vt after a
predetermined time (i.e., time t43), which is voltage V23,
is predicted. In the prediction, the predicted inter-terminal
voltage Vt may be corrected based on the inter-terminal
voltage Vt immediately before the supply of power to the
motor 22 is started (voltage V21 at time t41). Further, the
amount of current supplied to the motor 22 may be ac-

cumulated during the period from when the supply of
power to the motor 22 starts (time t41) to when the supply
of power stops (time t42), and the predicted inter-terminal
voltage Vt may be corrected based on the accumulated
value.
[0097] In this example, when the supply of power to
the motor 22 is stopped, the recovered inter-terminal volt-
age Vt after the supply of power to the motor 22 is stopped
is predicted using the recovery prediction function. Then,
the remaining capacity information of the rechargeable
battery 30 is generated based on the predicted inter-ter-
minal voltage Vt.
[0098] More specifically, when the announcement re-
quest switch 28 is pushed immediately after the supply
of power to the motor 22 is stopped, the remaining ca-
pacity information that is announced is estimated from
the predicted inter-terminal voltage Vt. Thus, the remain-
ing capacity information is stably indicated by the indica-
tor 27b. This obviates or limits the user erroneously de-
termining that the rechargeable battery remaining capac-
ity C is increasing.
[0099] In the above example, a recovery prediction
function is used to predict the recovered inter-terminal
voltage Vt when the inter-terminal voltage recovers im-
mediately after the supply of power to the motor 22 stops.
However, a recovery prediction may be used in lieu of
the recovery prediction function. The recovery prediction
map, for example, associates the inter-terminal voltage
Vt immediately after the supply of power to the motor 22
stops with the recovered inter-terminal voltage Vt after a
predetermined period.
[0100] In the above embodiment, the determination of
whether or not the motor 22 is supplied with power is
performed based on the power supply determination sig-
nal SX output from the main body control unit 24. In other
words, the main body control unit 24 substantially deter-
mines whether or not power is being supplied to the motor
22. However, the announcement unit 27 may determine
whether or not power is being supplied to the motor 22.
[0101] In the above embodiment, the indicator 27b vis-
ually indicates and announces the remaining capacity
information of the rechargeable battery 30 so that the
user may check the remaining capacity information of
the rechargeable battery 30. However, the means for an-
nouncing the remaining capacity information of the re-
chargeable battery 30 is not limited in such a manner.
For example, a voice may be generated to announce the
remaining capacity information of the rechargeable bat-
tery 30. In this case, the power tool 1 is provided with a
voice generator formed by a speaker or the like instead
of the indicator 27b. Alternatively, the indicator 27b and
the voice generator may both be provided in the power
tool. In such cases, a voice is generated to announce the
remaining capacity information of the rechargeable bat-
tery 30 to the user.
[0102] In the above embodiment, the announcement
unit 27 is located outside the main body control unit 24
but may be located inside the main body control unit 24.
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[0103] In the above embodiment, the voltage meas-
urement unit 26 is located outside the announcement
unit 27 but may be located inside the voltage measure-
ment unit 26.
[0104] The power tool 1 is not limited to a chargeable
drill driver and may be, for example, a chargeable saw,
a chargeable air pump, a chargeable cutter, a chargeable
blower, and a chargeable chain saw.
[0105] In the above embodiment, the battery meter 25
is applied to the electric circuit 20 including the motor 22
but may be applied to an electric circuit 20 including an
electrical load other than the motor 22. For example, the
electrical load may be an electric heating device (ni-
chrome wire, heating coil, or the like).
[0106] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the
reader in understanding the principles of the invention
and the concepts contributed by the inventor to furthering
the art, and are to be construed as being without limitation
to such specifically recited examples and conditions, nor
does the organization of such examples in the specifica-
tion relate to a showing of the superiority and inferiority
of the invention. Although embodiments of the present
invention have been described in detail, it should be un-
derstood that various changes, substitutions, and alter-
ations could be made hereto without departing from the
spirit and scope of the invention.

Claims

1. A battery meter (25) for use with a rechargeable bat-
tery (30) that supplies power to an electrical load
(22), the battery meter (25) comprising:

a voltage measurement unit (26) for measuring
an inter-terminal voltage (Vt) of the rechargea-
ble battery (30);
an announcement unit (27) for announcing re-
chargeable battery remaining capacity informa-
tion based on the measurement of the inter-ter-
minal voltage (Vt); and
an announcement request switch (28) for out-
putting an announcement request (SC) for re-
questing announcement of the remaining ca-
pacity information, the battery meter (25) being
characterized in that:

the announcement unit (27) is configured to
announce the remaining capacity informa-
tion when the announcement request (SC)
is received during a period in which the elec-
trical load (22) is not supplied with power,
and
not announce the remaining capacity infor-
mation regardless of whether or not the an-
nouncement request (SC) is received dur-
ing a period in which the electrical load (22)

is supplied with power.

2. The battery meter (25) according to claim 1, being
characterized in that the announcement unit (27)
is configured to
generate the remaining capacity information when
the announcement request (SC) is received during
a period in which the electrical load (22) is not sup-
plied with power (S 130), and
announce the remaining capacity information, which
is generated when the announcement request (SC)
is received, throughout a set announcement period
(Tx) even when the inter-terminal voltage (Vt) chang-
es after the announcement request (SC) is received.

3. The battery meter (25) according to claim 1 or 2,
being characterized in that:

the announcement unit (27) includes a recovery
prediction function or a recovery prediction map
for predicting recovery of the inter-terminal volt-
age (Vt) when the supply of power to the elec-
trical load (22) is stopped; and
the announcement unit (27) is configured to
predict a recovered inter-terminal voltage (Vt)
with the recovery prediction function or
the recovery prediction map when the supply of
power to the electrical load (22) is stopped, and
generate the rechargeable battery remaining
capacity information based on the prediction of
the recovered inter-terminal voltage (Vt).

4. The battery meter (25) according to any one of claims
1 to 3, being characterized in that when the supply
of power to the electrical load (22) is started (t22)
during an announcement of the rechargeable battery
remaining capacity information, the announcement
unit (27) interrupts the announcement of the re-
chargeable battery remaining capacity information.

5. The battery meter (25) according to any one of claims
1 to 4, being characterized in that the announce-
ment unit (27) includes an indicator (27b) that visu-
ally indicates the rechargeable battery remaining ca-
pacity information.

6. The battery meter (25) according to any one of claims
1 to 5, being characterized in that the announce-
ment unit (27) includes a voice generator that gen-
erates a voice to announce the rechargeable battery
remaining capacity information.

7. The battery meter (25) according to any one of claims
1 to 6, being characterized in that the electrical load
(22) is the motor (22).

8. A power tool (1) being characterized by:
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an electrical load (22); and
the battery meter (25) according to any one of
claims 1 to 7.
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