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(57) Abstract: A power tool system (2) includes: a secondary battery (1); a capacitor (8) configured to supply a power to a motor
(21); and a transforming unit (5) configured to boost a battery voltage of the secondary battery to a charging voltage, the capacitor
being charged with the charging voltage.
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Description

Title of Invention: SECONDARY BATTERY PACK, POWER TOOL
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Technical Field

The invention relates to a battery pack, a power tool, an adapter for connecting a

battery pack with a power tool, and a power tool system.

Background Art
Recently, power tools having a motor driven by power supplied from a battery pack

are used widely (For example, refer to Japanese Patent Application Publication No.
2008-178278).

Disclosure of Invention

Solution to Problem

Although the above-mentioned motor is basically driven by a specific rated voltage,
the motor can also be driven by voltages within a predetermined range around the rated
voltage. On the other hand, the range of voltages with which the motor can be driven
differs depending on a kind of an operation performed by a power tool. For example,
the above-mentioned range is narrow when a high-load operation is performed,
whereas the above-mentioned range is wide when a light-load operation is performed.

However, because the above-mentioned range is narrow when a high-load operation
is performed, the voltage of a battery pack drops to a voltage below the above-
mentioned range in a short period. Hence, when a high-load operation is performed,
the amount of operations per charge of the battery pack becomes small, and there
arises a need to exchange battery packs frequently.

Further, because the above-mentioned range is wide when a light-load operation is
performed, a voltage higher than necessary is supplied in many situations. Hence, in
this case, too, the remaining amount of the battery pack drops in a short period con-
sidering the light-load operation, and the amount of operations per charge of the
battery pack becomes small.

In view of the foregoing, it is an object of the invention to provide a battery pack, a
power tool, an adapter for connecting a battery pack with a power tool, and a power
tool system that are capable of supplying a motor of the power tool with voltages ap-
propriate for a kind of operations.

In order to attain the above and other objects, the invention provides a power tool

system including: a secondary battery; a capacitor configured to supply a power to a
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motor; and a transforming unit configured to boost a battery voltage of the secondary
battery to a charging voltage, the capacitor being charged with the charging voltage.

It is preferable that the transforming unit is capable of changing the charging voltage.

It is preferable that the transforming unit is capable of changing the charging voltage
based on a load applied to the motor.

It is preferable that the transforming unit is capable of arbitrarily changing the
charging voltage.

It is preferable that the transforming unit transforms the battery voltage into a voltage
greater than the battery voltage when the load applied to the motor is equal to or
greater than a first predetermined value, and the transforming unit transforms the
battery voltage into a voltage smaller than the battery voltage when the load applied to
the motor is equal to or smaller than a second predetermined value smaller than the
first predetermined value.

It is preferable that the power tool system further includes a switch for switching a
voltage supplied to the motor to either one of the battery voltage and the charging
voltage.

Another aspect of the present invention provides a power tool system including: a
power tool including a motor; a battery pack; a capacitor configured to be charged with
a charging voltage; an output terminal including: a first output terminal disposed
between the battery pack and the motor to output a battery voltage of the battery pack
to the motor; and a second output terminal disposed between the capacitor and the
motor to output the charging voltage to the motor; and a control unit configured to
allow one of the output terminal to perform the output operation and configured to
prevent remaining one of the output terminal to perform the output operation.

It is preferable that the power tool system further includes: a transforming unit
disposed between the battery pack and the capacitor to transform the battery voltage
into the charging voltage different from a rated voltage of the power tool; and a
receiving unit configured to receive an output changing instruction. The control unit
allows the second output terminal to perform the output operation and prevents the first
output terminal to perform the output operation, when the receiving unit receives the
output changing instruction.

It is preferable that the power tool system further includes a storing unit configured
to store a number of times the second output terminal outputs the charging voltage to
the motor. The transforming unit transforms the battery voltage into the charging
voltage higher than the rated voltage when the receiving unit receives the output
changing instruction. The control unit prevents the second output terminal from
performing the output operation when the number of times is larger than a prede-

termined number of times.
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It is preferable that the power tool system further includes a measuring unit
configured to measure a period during which the second output terminal continues to
output the charging voltage to the motor. The transforming unit transforms the battery
voltage into the charging voltage higher than the rated voltage when the receiving unit
receives the output changing instruction. The control unit prevents the second output
terminal from performing the output operation when the period is longer than a prede-
termined period.

It is preferable that the power tool system further includes a charge-amount
informing unit configured to inform a user of a charge amount of the capacitor.

It is preferable that the power tool system further includes a control unit configured
to determine, based on a load applied to the motor, the output terminal that performs
the outputting operation.

It is preferable that the power tool system further includes an adapter connected
between the battery pack and the motor. The capacitor, the output terminal and the
control unit are accommodated in the adapter.

Another aspect of the present invention provides a power tool connectable to a
battery pack. The power tool includes: a motor; and a capacitor configured to be
charged with a charging voltage; an output terminal including: a first output terminal
disposed between the battery pack and the motor to output a battery voltage of the
battery pack to the motor; and a second output terminal disposed between the capacitor
and the motor to output the charging voltage to the motor; and a control unit
configured to allow one of the output terminal to perform the output operation and
configured to prevent remaining one of the output terminal to perform the output
operation.

Another aspect of the present invention provides a battery pack connectable to a
motor of a power tool. The battery pack includes: a battery; a capacitor configured to
be charged with a charging voltage; an output terminal including: a first output
terminal disposed between the battery and the motor to output a battery voltage of the
battery to the motor; and a second output terminal disposed between the capacitor and
the motor to output the charging voltage to the motor; and a control unit configured to
allow one of the output terminal to perform the output operation and configured to
prevent remaining one of the output terminal to perform the output operation.

Another aspect of the present invention provides an adapter connectable between a
battery pack and a motor of a power tool. The adapter includes: a capacitor configured
to be charged with a charging voltage; and an output terminal including: a first output
terminal disposed between the battery pack and the motor to output a battery voltage of
the battery pack to the motor; and a second output terminal disposed between the

capacitor and the motor to output the charging voltage to the motor; and a control unit
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configured to allow one of the output terminal to perform the output operation and
configured to prevent remaining one of the output terminal to perform the output

operation.
Another aspect of the present invention provides an adapter connectable between a

battery pack and a motor of a power tool. The adapter includes: a capacitor configured
to be connected to the motor; and a transforming unit configured to boost a battery
voltage of the battery pack to a charging voltage, the capacitor being charged with the
charging voltage.

It is preferable that the transforming unit is capable of changing the charging voltage.

It is preferable that the transforming unit is capable of changing the charging voltage
based on a load applied to the motor.

It is preferable that the transforming unit is capable of arbitrarily changing the
charging voltage.

It is preferable that the adapter further includes a switch for switching a voltage
supplied to the motor to either one of the battery voltage and the charging voltage.
Advantageous Effects of Invention

According to the battery pack, the power tool, the adapter, and the power tool system
of the invention, a voltage suitable for the kind of an operation can be supplied to a
motor of a power tool.

Brief Description of Drawings

[fig.1]Fig. 1 is an overall view of a battery pack, a power tool, and an adapter
according to a first embodiment of the invention.

[fig.2]Fig. 2 is a circuit diagram of the battery pack, the power tool, and the adapter
according to the first embodiment of the invention.

[fig.3]Fig. 3 is a vertical cross-sectional view of the adapter according to the first em-
bodiment of the invention.

[fig.4]Fig. 4 is a bottom view of the adapter according to the first embodiment of the
invention.

[fig.5]Fig. 5 is a top view of the adapter according to the first embodiment of the
invention.

[fig.6]Fig. 6 is a side view of the adapter according to the first embodiment of the
invention.

[fig.7]Fig. 7 is a flowchart of a transformation and switching control according to the
first embodiment of the invention.

[fig.8]Fig. 8 is an explanation diagram showing a change of a current flowing into a
motor at a boring operation.

[fig.9]Fig. 9 is an explanation diagram showing a change of a current flowing into a
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motor at a screw driving operation.

[fig.10]Fig. 10 is a side view of an adapter according to a second embodiment of the
invention.

[fig.11]Fig. 11 is a flowchart of the voltage control according to the second em-
bodiment of the invention.

[fig.12]Fig. 12 is an overall view of a battery pack according to a first modification of
the invention.

[fig.13]Fig. 13 is a circuit diagram of the battery pack according to the first modi-
fication.

[fig.14]Fig. 14 is an overall view of a power tool according to a second modification of
the invention.

[fig.15]Fig. 15 is a circuit diagram of the power tool according to the second modi-
fication.

Reference Signs List

1 Battery Pack

2 Power Tool

3 Adapter

4a Normal Terminal

4b Transformer Terminal

5 Transformer circuit

6 Controller

8 Super Capacitor

21 Motor

43 HIGH Button

44 Low Button

45 Full-charge Informing unit

140 Charge-amount Informing unit
Best Mode for Carrying out the Invention

Hereinafter, a battery pack 1, a power tool 2, and an adapter 3 according to a first
embodiment of the invention will be described while referring to Figs. 1 through 7.

In the present embodiment, a connecting portion of the battery pack 1 and a
connecting portion of the power tool 2 have shapes that enable connection with each
other, and the battery pack 1 can be connected directly with the power tool 2. In Fig. 1,
however, the battery pack 1 and the power tool 2 are connected with each other via the
adapter 3.

As shown in Fig. 2, the battery pack 1 includes an assembled battery 11 constructed

by connecting four lithium unit cells 11a-11d in series. In the present embodiment,
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because each lithium unit cell has a rated voltage of 3.6V, the battery pack 1 has a
nominal voltage of 14.4V. The battery pack 1 includes a plus terminal 12 connected
with a positive electrode of the assembled battery 11, a minus terminal 13 connected
with a negative electrode of the assembled battery 11, a temperature detecting element
14 (referred as " T1" in Fig. 2) that outputs a signal in accordance with temperature of
the assembled battery 11, an identification element 15 (referred as "I1" in Fig. 2) that
outputs a signal in accordance with the number of the unit cells (four in the present em-
bodiment), a temperature terminal 16 connected with the temperature detecting
element 14, and an identification terminal 17 connected with the identification element
15.

As shown in Figs. 1 and 2, the power tool 2 includes a motor 21 and a trigger switch
22 connected with the motor 21 in series, and is so configured that, when the trigger
switch 22 is turned on, electrical power is supplied from the battery pack 1 to the
motor 21 via the adapter 3. The power tool 2 is a cordless power tool for a common
rated voltage of 14.4V, for example, a driver drill, and functions normally when the
battery pack 1 of the rated voltage of 14.4V is connected.

As shown in Fig. 2, the power tool 2 includes a plus terminal 23 connected with one
end of the motor 21, a minus terminal 24 connected with another end of the motor 21,
a temperature detecting element 25 (referred as "T2" in Fig. 2) that outputs a signal in
accordance with temperature of the motor 21, an identification element 26 (referred as
"T2" in Fig. 2) that outputs a signal in accordance with the rated voltage of the power
tool 2 (the motor 21) (14.4V in the present embodiment), a temperature terminal 27
connected with the temperature detecting element 25, and an identification terminal 28
connected with the identification element 26.

As shown in Figs. 2 and 3, the adapter 3 includes a case 4 constructed by a lower
case 41 and an upper case 42. The case 4 accommodates a normal terminal 4a (first
output terminal), a transformer terminal 4b (second output terminal), a transformer
circuit 5 (transforming unit), a controller 6 (control unit, storing unit, and measuring
unit), a current detecting resistor 7 (referred as "C" in Fig. 2), a super capacitor 8
(capacitor), a switch 9 (control unit), and a protection IC 10 (referred as "P" in Fig. 2).

As shown in Figs. 2 and 4, the lower case 41 is provided with a lower plus terminal
41a connected with the plus terminal 12 of the battery pack 1, a lower minus terminal
41b connected with the minus terminal 13 of the battery pack 1, a temperature terminal
41c connected with the temperature terminal 16 of the battery pack 1, and an identi-
fication terminal 41d connected with the identification terminal 17 of the battery pack
1.

As shown in Figs. 2 and 5, the upper case 42 is provided with an upper plus terminal

42a connected with the plus terminal 23 of the power tool 2, an upper minus terminal
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42b connected with the minus terminal 24 of the power tool 2, a temperature terminal
42c¢ connected with the temperature terminal 27 of the power tool 2, and an identi-
fication terminal 42d connected with the identification terminal 28 of the power tool 2.

As shown in Fig. 6, a display unit 40 is provided near the connection between the
lower case 41 and the upper case 42. The display unit 40 includes a "HIGH" button 43
(receiving unit) for increasing voltage to be outputted to the power tool 2, a "LOW"
button 44 for decreasing voltage to be outputted to the power tool 2, and a full-charge
informing unit 45 (charge-amount informing unit) that informs full charge of the super
capacitor 8.

Next, the electrical configuration of the battery pack 1, the power tool 2, and the
adapter 3 will be described while referring to Fig. 2.

The transformer circuit 5 is constructed from a DC/DC converter or a switching
circuit. The transformer circuit 5 transforms a voltage supplied from the battery pack 1
via the lower plus terminal 41a, and outputs the transformed voltage to the transformer
terminal 4b. On the other hand, the voltage outputted from the battery pack 1 to the
lower plus terminal 41a is also outputted to the normal terminal 4a.

The controller 6 obtains temperature of the battery pack 1 (the assembled battery 11)
based on a temperature signal inputted from the temperature detecting element 14 of
the battery pack 1 and, if the temperature of the battery pack 1 is higher than a prede-
termined value, breaks the circuit with the protection IC 10 to stop supply of electric
power to the power tool 2 for protection of the battery pack 1.

Additionally, the controller 6 obtains temperature of the power tool 2 (the motor 21)
based on a temperature signal inputted from the temperature detecting element 25 of
the power tool 2 and, if the temperature of the power tool 2 (the motor 21) is higher
than a predetermined value, breaks the circuit with the protection IC 10 to stop supply
of electric power to the power tool 2 for protection of the motor 21.

Further, if a current flowing through the motor 21, which is detected by the current
detecting resistor 7, is higher than a predetermined value, the controller 6 also breaks
the circuit with the protection IC 10 to stop supply of electric power to the power tool
2 for preventing overcurrent.

The super capacitor 8 is connected between the transformer terminal 4b (an output
terminal of the transformer circuit 5) and the upper minus terminal 42b. The super
capacitor 8 is constructed by connecting in series four electric double layer capacitors
each having a capacity of 2 to 3V, and thus is capable of charging voltage outputted
from the transformer circuit 5.

The switch 9 is connected to the upper plus terminal 42a. By switching the switch 9,
the upper plus terminal 42a is connected with either the normal terminal 4a or the

transformer terminal 4b.
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Here, the controller 6 of the present embodiment performs a transformation and
switching control for controlling an amount of transformation by the transformer
circuit 5 and for controlling output of transformed voltages.

In the transformation and switching control, the controller 6 performs a control
operation such that a voltage higher than the rated voltage of the power tool 2 (for
example, 15.8V) (hereinafter referred to as "high voltage") is outputted to the power
tool 2 if the "HIGH" button 43 is on, and that a voltage lower than the rated voltage of
the power tool 2 (for example, 13.0V) (hereinafter referred to as "low voltage") is
outputted to the power tool 2 if the "LOW" button 44 is on.

The transformation and switching control will be described in detail while referring
to the flowchart in Fig. 7. The flowchart in Fig. 7 starts when both of the battery pack 1
and the power tool 2 are connected with the adapter 3.

First, the controller 6 determines whether either the "HIGH" button 43 or the "LOW"
button 44 is on (S101).

If neither the "HIGH" button 43 nor the "LOW" button 44 is on (S101: No), then the
controller 6 switches the switch 9 such that the upper plus terminal 42a is connected
with the normal terminal 4a (S102). With this operation, if neither the "HIGH" button
43 nor the "LOW" button 44 is on, the power tool 2 is supplied with the voltage of the
battery pack 1 as it is.

If the "HIGH" button 43 is on (S101: "HIGH" button), then the controller 6 controls
the transformer circuit 5 to transform the voltage supplied from the battery pack 1 to
the high voltage (S103), and switches the switch 9 such that the upper plus terminal
42a is connected with the transformer terminal 4b (S105) when the super capacitor 8
reaches a full charge with the high voltage (S104: Yes). With this operation, if the
"HIGH" button 43 is on, the high voltage charged at the super capacitor 8 is outputted
to the power tool 2.

If the "LOW" button 44 is on (S101: "LOW" button), then the controller 6 controls
the transformer circuit 5 to transform the voltage supplied from the battery pack 1 to
the low voltage (S106), and switches the switch 9 such that the upper plus terminal 42a
is connected with the transformer terminal 4b (S105) when the super capacitor 8
reaches a full charge with the low voltage (S104: Yes). With this operation, if the
"LOW" button 44 is on, the low voltage charged at the super capacitor 8 is outputted to
the power tool 2.

With this configuration, when a high-load operation is performed, a user can operate
the power tool 2 temporarily with high power due to the power charged in the super
capacitor 8 by turning on the "HIGH" button 43. Further, when the remaining amount
of the battery pack 1 has dropped, the user can also operate the power tool 2 tem-

porarily due to the power charged in the super capacitor 8 by turning on the "HIGH"
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button 43. Hence, frequency of exchanging the battery pack 1 can be reduced.

Here, a construction that is not provided with the super capacitor 8 is conceivable.
However, such construction needs an enlarged scale of the transformer circuit 5 in
order to deal with a high current flowing through the motor 21 when a lock occurs in
the motor 21 due to an extremely high-load.

In the present embodiment, however, electric power is outputted from the
transformer circuit 5 to the power tool 2 via the super capacitor 8. Hence, the circuit
can deal with a high current at a high-load condition, without enlarging the scale of the
transformer circuit 5.

Further, the controller 6 of the present embodiment stores both an ON continuation
period in which an ON state of the "HIGH" button 43 continues and an ON number of
times the "HIGH" button 43 is tuned on. If the ON continuation period exceeds a pre-
determined period or if the ON number of times exceeds a predetermined number of
times, the controller 6 switches the switch 9 such that the upper plus terminal 42a is
connected with the normal terminal 4a. This operation can prevent burnout of the
motor 21 and shortening of lifetime of the battery pack 1 due to application of the high
voltage for a long period or in high frequency.

Additionally, in the present embodiment, the controller 6 switches the switch 9 such
that upper plus terminal 42a is connected with the transformer terminal 4b when the
super capacitor 8 reaches full charge with the high voltage. Thus, there is some delay
after the "HIGH" button 43 is turned on and before the high voltage is outputted to the
power tool 2, which may cause uncomfortable feeling by the user. Hence, in the
present embodiment, the full-charge informing unit 45 informs the user of full charge
of the super capacitor 8, thereby suppressing occurrence of such uncomfortable
feeling.

In addition, as described above, when a light-load operation is performed, by turning
on the "LOW" button 44, the user can prevent that a voltage higher than necessary is
supplied to the power tool 2, that the remaining amount of the battery pack 1 drops in a
short period, and that the amount of operations per charge of the battery pack 1
becomes small considering the light-load operation Further, when the power charged in
the capacitor 8 is run short, the power can be directly outputted from the battery pack 1
to the power tool 1 by switching the switch 9 and the capacitor 8 can be charged in this
interval.

Next, a battery pack 1, a power tool 2, and an adapter 3 according to a second em-
bodiment of the invention will be described while referring to Figs. 8 through 11. Like
parts and components are designated by the same reference numerals as those shown in
Figs. 1 through 7.

Although a motor is basically driven by a specific rated voltage, the motor can also
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be driven by voltages within a predetermined range around the rated voltage. On the
other hand, in a conventional power tool, a voltage supplied to a motor is constant re-
gardless of magnitude of load.

Hence, at a light-load operation in which a small screw is driven by a driver
connected with the power tool, for example, electric power more than necessary is
supplied to the motor, thereby wasting electric power.

Further, for example, at a final phase of a boring operation by a drill connected with
the power tool, a load decreases and thus electric current flowing through the motor
also decreases (see Fig. 8). In such a case, because the voltage supplied to the motor is
constant in the conventional power tool, electric power is wasted. In Fig. 8, electric
current increases rapidly when time is 1.0 sec, which shows a state in which the trigger
switch 22 is turned on. A starting current flows when the trigger switch 22 is turned on,
and thereafter the electric current changes in accordance with load.

Further, when the drill connected with the power tool is temporarily stuck (locked) in
a workpiece, for example, the load increases and thus electric current flowing through
the motor also increases. In such a case, because the voltage supplied to the motor is
constant in the conventional power tool, it takes time to resolve the temporary stuck
state and, in some cases, determination is made as an overcurrent state and supplying
of electric power to the motor is stopped.

Thus, the controller 6 of the present embodiment performs a voltage control in which
voltages outputted to the power tool 2 are controlled based on load on the motor 21.

Specifically, the transformer circuit 5 and the switch 9 are controlled such that a
voltage higher than a rated voltage of the power tool 2 (15.8V in the present em-
bodiment) (hereinafter referred to as "high voltage") is outputted to the power tool 2 if
an electric current flowing through the motor 21 is larger than an upper limit (35A in
the present embodiment) (a high voltage mode in Fig. 9).

Further, the transformer circuit 5 and the switch 9 are controlled such that a voltage
lower than the rated voltage of the power tool 2 (13.0V in the present embodiment)
(hereinafter referred to as "low voltage") is outputted to the power tool 2 if the electric
current flowing through the motor 21 is smaller than an lower limit (10A in the present
embodiment) (a low voltage mode in Fig. 9).

Fig. 9 indicates changes in electric current during a screw driving operation in which
the power tool 2 (driver drill) is used. Electric current increases rapidly when time is
1.0 sec, which shows a state in which the trigger switch 22 is turned on. The starting
current of the motor (approximately 60A) flows when the trigger switch 22 is turned
on, and thereafter the electric current changes in accordance with load. The power tool
2 operates in the high voltage mode if the electric current exceeds 35A, operates in the

low voltage mode if the electric current falls below 10A, and operates in a normal
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mode if the electric current is between 10A and 35A. Further, determination of electric
current described later is not performed within a predetermined period, 0.4 sec for
example, after a startup of the motor, so that starting current at the startup of the motor
does not affect mode switching.

Further, in the present embodiment, as shown in Fig. 10, a charge-amount display
unit 140 (charge-amount informing unit) is provided near the connection between the
lower case 41 and the upper case 42 instead of the display unit 40. The charge-amount
display unit 140 displays a charged amount of the super capacitor 8.

A voltage control performed by the controller 6 will be described while referring to
the flowchart of Fig. 11. The flowchart of Fig. 11 is started when both of the battery
pack 1 and the power tool 2 are connected with the adapter 3.

Firstly, for example, if the battery pack 1 has a nominal voltage of 14. 4V and the
power tool 2 has a nominal voltage of 18.0V, the inputted voltage is so low that a
sufficient torque may not be outputted.

Therefore, in the present embodiment, first, voltage supplied from the battery pack 1
is automatically transformed so that the rated voltage is supplied to the power tool 2.

Specifically, the controller 6 obtains the nominal voltage of the battery pack 1 from
the discrimination element 15 of the battery pack 1, and obtains the rated voltage of the
power tool 2 from the discrimination element 26 of the power tool 2 (S201), and then
determines whether both of the nominal voltage and the rated voltage match (S202).

If the both do not match (S202: No), the controller 6 controls the transformer circuit
5 to transform voltage supplied from the battery pack 1 into the rated voltage (S203),
and then switches the switch 9 such that the upper plus terminal 42a is connected with
the transformer terminal 4b (S204). With this operation, the rated voltage can be
supplied to the power tool 2 even when the nominal voltage and the rated voltage do
not match.

For example, in a case where the nominal voltage of the battery pack 1 is 14.4V and
the rated voltage of the power tool 2 is 18.0V, the voltage of the battery pack 1 can be
used without transformation. However, in order to obtain an appropriate output,
voltage 14.4V of the battery pack 1 is raised to 18.0V by the transformer circuit 5.
Conversely, in a case where the nominal voltage of the battery pack 1 is 18.0V and the
rated voltage of the power tool 2 is 14.4V, there is a possibility that the power tool 2
(the motor 21) is damaged if a voltage higher than the rated voltage of the power tool 2
is applied for a long period. Hence, the voltage 18.0V of the battery pack 1 is lowered
to 14.4V by the transformer circuit 5, and is then outputted.

Subsequent to S204, or if the nominal voltage and the rated voltage match in S202
(S202: Yes), the controller 6 determines whether the electric current flowing through

the motor 21 is larger than the upper limit (S205). Specifically, the controller 6
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calculates an average value of electric current values once every 0.1 sec, and de-
termines whether the average value is larger than 35A.

If the electric current is larger than the upper limit (S205: Yes), it is assumed that it is
in a high load condition. Accordingly, in this case, the controller 6 controls the
transformer circuit 5 to transform the voltage supplied from the battery pack 1 into a
high voltage (15.8V) (S206), and then switches the switch 9 such that the upper plus
terminal 42a is connected with the transformer terminal 4b (S207) (the high voltage
mode in Fig. 9).

With this operation, when a large electric current flows through the motor 21, a high
voltage (15.8V) charged at the super capacitor 8 is outputted to the power tool 2. Thus,
when the drill connected with the power tool 2 is temporarily stuck (locked) in a
workpiece, the power tool 2 can be temporarily operated at high power.

In the present embodiment, the controller 6 stores a duration of the high voltage and
the number of times of switching. If the duration exceeds a predetermined period and if
the number of times of switching exceeds a predetermined number, the controller 6
switches the switch 9 such that the upper plus terminal 42a is connected with the
normal terminal 4a. This can prevent burnout of the motor 21 and shortening of
lifetime of the battery pack 1 due to application of the high voltage for a long period or
in high frequency.

On the other hand, if the electric current is smaller than or equal to the upper limit
(S205: No), the controller 6 determines whether the electric current is smaller than the
lower limit (S208).

If the electric current is smaller than the lower limit (S208: Yes), it is assumed that it
is in a low load condition. Accordingly, in this case, the controller 6 controls the
transformer circuit 5 to transform the voltage supplied from the battery pack 1 into a
low voltage (13.0V) (S209), and then switches the switch 9 such that the upper plus
terminal 42a is connected with the transformer terminal 4b (S207) (the low voltage
mode in Fig. 9).

With this operation, when a small electric current flows through the motor 21, a low
voltage charged at the super capacitor 8 is outputted to the power tool 2. This can
prevent that a voltage higher than necessary is supplied to the power tool 2 during a
light-load operation such as a final phase of a boring operation and a driving operation
of a small screw.

Note that, in the present embodiment, the controller 6 obtains an average value of
electric current values once every 3.0 sec, and determines that it is in a low load
condition if the number of times the obtained average value becomes smaller than 10A
is larger than or equal to ten times. However, other criteria may be used. For example,

the controller 6 may determine that it is in a low load condition if the average value
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becomes smaller than 10A once. With this criterion, a control can be performed more
accurately in accordance with kinds of operations.

On the other hand, if the electric current is larger than or equal to the lower limit
(S208: No), the controller 6 switches the switch 9 such that the upper plus terminal 42a
is connected with the normal terminal 4a (S210). Note that, if the switch 9 is switched
to the transformer terminal 4b in S204, a voltage is outputted from the transformer
terminal 4b even if a "No" determination is made in S208.

As described above, with the adapter 3 according to the present embodiment, a
voltage control is performed in such a manner that a voltage outputted to the power
tool 2 is controlled based on a load on the motor 21. Hence, voltages suitable for kinds
of operations can be supplied to the motor 21.

Especially, if a large electric current flows through the motor 21, the voltage of the
battery pack 1 is transformed into the high voltage and outputted to the power tool 2.
Hence, when a drill connected with the power tool 2 is temporarily stuck in a
workpiece, for example, the power tool 2 can be operated temporarily with high power.

On the other hand, if a small electric current flows through the motor 21, the voltage
of the battery pack 1 is transformed into the low voltage and outputted to the power
tool 2. This can prevent that a voltage higher than necessary is supplied to the power
tool 2 during a light-load operation such as a final phase of a boring operation and a
driving operation of a small screw.

Further, in the adapter 3 according to the present embodiment, if the duration
exceeds a predetermined period and if the number of times of switching exceeds a pre-
determined number, the controller 6 switches the switch 9 such that the upper plus
terminal 42a is connected with the normal terminal 4a. This can prevent burnout of the
motor 21 and shortening of lifetime of the battery pack 1 due to application of the high
voltage for a long period or in high frequency.

Further, in the adapter 3 according to the present embodiment, the amount of electric
power charged at the super capacitor 8 is displayed so that the charged amount of the
capacitor can be recognized. Hence, the workability can be improved.

While the invention has been described in detail with reference to the above em-
bodiments thereof, it would be apparent to those skilled in the art that various changes
and modifications may be made therein without departing from the scope of the claims.

For example, in the above-described embodiments, the normal terminal 4a, the
transformer terminal 4b, the transformer circuit 5, the controller 6, the current
detecting resistor 7, the super capacitor 8, the switch 9, the protection IC 10, and the
display unit 40 (charge-amount display unit 140) are provided at the adapter 3.
However, it is not necessary that all of these components be provided at the adapter 3,

but it is only necessary that these components be provided within a power tool system
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including the battery pack 1, the power tool 2, and the adapter 3.

Further, the adapter 3 is not necessary if the connecting portion of the battery pack 1
and the connecting portion of the power tool 2 have shapes that enable connection with
each other, or if the nominal voltage of the battery pack 1 and the rated voltage of the
power tool 2 are identical. In such cases, it is only necessary that the normal terminal
4a, the transformer terminal 4b, the transformer circuit 5, the controller 6, the current
detecting resistor 7, the super capacitor 8, the switch 9, the protection IC 10, and the
display unit 40 (charge-amount display unit 140) be provided within a power tool
system including the battery pack 1 and the power tool 2.

For example, when the battery pack 1 can be directly connected to the power tool 2
without adapter 3, the configurations of the adapter 3 may be provided in the battery
pack 1 as shown in Figs. 12 and 13. In this configuration, the transformer circuit 5, the
controller 6, the super capacitor 8, the switch 9, and the display unit 40 etc. are
provided in the battery pack 1 in addition to the assembled battery 11 and the tem-
perature detecting element 14. Note that the identification element 15 is not provided
in the battery pack 1 since there is no need for informing the adapter 3 of the in-
formation with respect to the battery pack 1.

Further, the configurations of the adapter 3 may be provided in the power tool 2 as
shown in Figs. 14 and 15. In this configuration, the transformer circuit 5, the controller
6, the super capacitor 8, the switch 9, and the display unit 40 etc. are provided in the
power tool 2 in addition to the motor 21, the trigger switch 22, the temperature
detecting element 25, and the identification element 26. If the motor 21 is a brushless
motor, controller 6 may control the motor 21. Specifically, the controller 6 controls a
plurality of switching elements (for example, six FETs) connected to the motor 21.

Note that the protection IC 10 may be provided in not the adapter 3 but the battery
pack 1 or the power tool 2 since the protection IC 10 only has to protect the battery
pack 1 or the power tool 2. It is preferable that the protection IC 10 that cuts off the
current pathway when detecting the overdischarge or the overcharge is provided in the
battery pack 1 when detecting the voltage of each of the cells 11a-11d.

Further, when the configuration of the adapter 3 is provided in the battery pack 1, the
controller 6 may detect the voltage of each of the cells 11a-11d to protect the
overdischarge, the overcharge, and the overcurrent. In this case, the controller 6 cuts
off a cut-off member (for example, a switching element such as an FET) disposed on
the current pathway when detecting an abnormal condition.

Additionally, in the first embodiment, the adapter 3 may be so configured that the
transformer voltage is changeable depending on the number of times the "HIGH"
button 43 or the "LOW" button 44 is pressed. In this case, an output voltage more

suitable for the operation condition of the power tool 2 can be obtained.
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Further, the switch 9 may be switched manually, not automatically, so that the switch
9 can be switched arbitrarily depending on the operation.

Further, for example, if the "LOW" button 44 is pressed, a voltage of 14.4V may be
outputted without performing the above-mentioned voltage increase control.

Further, in the first embodiment as the second embodiment, the controller 6 may also
automatically obtain the nominal voltages of the battery pack 1 and the power tool 2 in
accordance with signals of the identification element 15 of the battery pack 1 and the
identification element 26 of the power tool 2, and control the transformer circuit 5.

In addition, the controller 6 may automatically control a transforming operation of
the transformer circuit 5 in accordance with signals from the temperature detecting
element 14 of the battery pack 1 and from the temperature detecting element 25 of the
power tool 2.

For example, if the temperature of the battery pack 1 or the power tool 2 is high, the
controller 6 may stop charging at the super capacitor 8 even when the "HIGH" button
43 is pressed, and may control the full-charge informing unit 45 of the display unit 40
to blink so as to inform the user of a high-temperature standby state. In this way,
reduction in lifetime of the battery pack 1 or the power tool 2 due to high temperature
can be suppressed.

Further, the load may be determined based on the signal from the temperature
detecting elements 14 and 25 or the rotating number of the motor 21etc. although the
load is detected based on the current flowing into the motor 21 in the second em-
bodiment.

Further, the super capacitor 8 may be charged with a power supplied from a power

source, such as a solar battery, other than the battery pack 1.
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Claims

A power tool system comprising:

a secondary battery;

a capacitor configured to supply a power to a motor; and

a transforming unit configured to boost a battery voltage of the
secondary battery to a charging voltage, the capacitor being charged
with the charging voltage.

The power tool system according to claim 1, wherein the transforming
unit is capable of changing the charging voltage.

The power tool system according to claim 1, wherein the transforming
unit is capable of changing the charging voltage based on a load
applied to the motor.

The power tool system according to claim 1, wherein the transforming
unit is capable of arbitrarily changing the charging voltage.

The power tool system according to claim 3, wherein the transforming
unit transforms the battery voltage into a voltage greater than the
battery voltage when the load applied to the motor is equal to or greater
than a first predetermined value, and the transforming unit transforms
the battery voltage into a voltage smaller than the battery voltage when
the load applied to the motor is equal to or smaller than a second prede-
termined value smaller than the first predetermined value.

The power tool system according to claim 1, further comprising a
switch for switching a voltage supplied to the motor to either one of the
battery voltage and the charging voltage.

A power tool system comprising:

a power tool including a motor;

a battery pack;

a capacitor configured to be charged with a charging voltage;

an output terminal including: a first output terminal disposed between
the battery pack and the motor to output a battery voltage of the battery
pack to the motor; and a second output terminal disposed between the
capacitor and the motor to output the charging voltage to the motor;
and

a control unit configured to allow one of the output terminal to perform
the output operation and configured to prevent remaining one of the
output terminal to perform the output operation.

The power tool system according to claim 7, further comprising:



WO 2012/114749

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

17

PCT/JP2012/001228

a transforming unit disposed between the battery pack and the capacitor
to transform the battery voltage into the charging voltage different from
a rated voltage of the power tool; and

a receiving unit configured to receive an output changing instruction,
wherein the control unit allows the second output terminal to perform
the output operation and prevents the first output terminal to perform
the output operation, when the receiving unit receives the output in-
struction.

The power tool system according to claim 8, further comprising a
storing unit configured to store a number of times the second output
terminal outputs the charging voltage to the motor,

wherein the transforming unit transforms the battery voltage into the
charging voltage higher than the rated voltage when the receiving unit
receives the output changing instruction, and

wherein the control unit prevents the second output terminal from
performing the output operation when the number of times is larger
than a predetermined number of times.

The power tool system according to claim 8, further comprising a
measuring unit configured to measure a period during which the second
output terminal continues to output the charging voltage to the motor,
wherein the transforming unit transforms the battery voltage into the
charging voltage higher than the rated voltage when the receiving unit
receives the output changing instruction, and

wherein the control unit prevents the second output terminal from
performing the output operation when the period is longer than a prede-
termined period.

The power tool system according to claim 7, further comprising a
charge-amount informing unit configured to inform a user of a charge
amount of the capacitor.

The power tool system according to claim 7, further comprising a
control unit configured to determine, based on a load applied to the
motor, the output terminal that performs the outputting operation.

The power tool system according to claim 7, further comprising an
adapter connected between the battery pack and the motor,

wherein the capacitor, the output terminal and the control unit are ac-
commodated in the adapter.

A power tool connectable to a battery pack, the power tool comprising:

a motor; and
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a capacitor configured to be charged with a charging voltage;

an output terminal including: a first output terminal disposed between
the battery pack and the motor to output a battery voltage of the battery
pack to the motor; and a second output terminal disposed between the
capacitor and the motor to output the charging voltage to the motor;
and

a control unit configured to allow one of the output terminal to perform
the output operation and configured to prevent remaining one of the
output terminal to perform the output operation.

A battery pack connectable to a motor of a power tool, the battery pack
comprising:

a battery;

a capacitor configured to be charged with a charging voltage;

an output terminal including: a first output terminal disposed between
the battery and the motor to output a battery voltage of the battery to
the motor; and a second output terminal disposed between the capacitor
and the motor to output the charging voltage to the motor; and

a control unit configured to allow one of the output terminal to perform
the output operation and configured to prevent remaining one of the
output terminal to perform the output operation.

An adapter connectable between a battery pack and a motor of a power
tool, the adapter comprising:

a capacitor configured to be charged with a charging voltage; and

an output terminal including: a first output terminal disposed between
the battery pack and the motor to output a battery voltage of the battery
pack to the motor; and a second output terminal disposed between the
capacitor and the motor to output the charging voltage to the motor;
and

a control unit configured to allow one of the output terminal to perform
the output operation and configured to prevent remaining one of the
output terminal to perform the output operation.

An adapter connectable between a battery pack and a motor of a power
tool, the adapter comprising:

a capacitor configured to be connected to the motor; and

a transforming unit configured to boost a battery voltage of the battery
pack to a charging voltage, the capacitor being charged with the
charging voltage.

The adapter according to claim 17, wherein the transforming unit is
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capable of changing the charging voltage.

The adapter according to claim 17, wherein the transforming unit is
capable of changing the charging voltage based on a load applied to the
motor.

The adapter according to claim 17, wherein the transforming unit is
capable of arbitrarily changing the charging voltage.

The adapter according to claim 17, further comprising a switch for
switching a voltage supplied to the motor to either one of the battery

voltage and the charging voltage.
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