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(57) Abstract: In a microcomputer-controlled rechargeable battery accommodating unit, such as battery pack, of the type having
only positive and negative terminals, when the battery voltage is lower than the lowest limit level that the battery is usable, the drive
voltage to boot and operate the microcomputer is generated based on the voltage supplied from a battery charger, since the battery

o voltage is not as high as to generate the drive voltage. Such a low-voltage battery is charged in a precharge mode precedent to a reg-

W

ular charge mode.
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Description
Title of Invention: RECHARGEABLE BATTERY ACCOM-

MODATING UNIT
Technical Field

[0001]  The invention relates to a rechargeable battery accommodating unit, such as a battery
pack, used as a power source of an electrical equipment.
Background Art

[0002]  For every portable power solution, battery accommodating units are most effective
and useful, and in fact have been extensively used in various kinds of electrical
equipment. Small-size rechargeable battery accommodating units are particularly
called as battery packs, and most of the battery packs are shaped to be mountable on or
insertable into electrical equipment. A backpack type rechargeable battery accom-
modating unit is relatively large in size as compared with the equipment-mountable
type battery packs, and is carried by a strap on one's back or shoulder and is connected
to electrical equipment, such as power tool, via a connection cable.

[0003]  Recently, lithium-ion batteries are used as the rechargeable batteries, as they are ad-
vantageous in high energy density and high current outputting capability. The
backpack type unit generally accommodates a larger number of battery cells than the
equipment-mountable type battery pack. Thus, the backpack type units are high in ca-
pacitance and capable of supplying higher power to the applications than the
equipment-mountable type battery packs.

[0004]  Japanese Patent Application Publication No. 2008-62343 discloses interrupting
power from being supplied to a power tool from the battery pack when the voltage of
the rechargeable battery has lowered to a lowest limit or when a current flowing in the
power tool has exceeded a predetermined criterion. To this effect, a switching element,
such as an FET, is provided in a path connecting the battery pack and the power tool.
The switching element may be provided either in the battery pack or in the power tool.
In the former case, the switching element is connected between the rechargeable
battery and an input/output port of the battery pack. The switching element is
controlled while monitoring the voltage of the rechargeable battery and a current
flowing out from the battery. The switching element is normally held OFF and is
turned ON when recharging the batter by a battery charger is started or driving the
power tool is started. The switching element is controlled based on the voltage of the

battery.
Disclosure of Invention

Solution to Problem
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[0005]

[0006]

[0007]

[0008]

An amount of charges stored in the rechargeable batteries gradually decreases due to
self-discharge typically caused by a long-term unuse of the battery pack and/or a
circuit contained in the battery pack that constantly dissipates power regardless of
whether the battery pack is used or not. If the battery pack with a decreased amount of
charges is left unused for a long period of time, the voltage from the rechargeable
battery would further be lowered to a level incapable of turning on the switching
element. Insofar as the switching element cannot be turned on, recharging the battery
cannot be carried out and the power tool to which such a battery is connected cannot be
driven.

One possible solution to the above-described problems is to turn on the switching
element with the voltage supplied from the battery charger. The voltage from the
battery charger is output from an auxiliary terminal of the battery charger and applied
to the switching element through a special-purpose feeding terminal on the side of the
battery pack. However, since a battery pack exclusively used for a particular power
tool has a fixed number of terminals, the above-described solution is not applicable to
a battery pack that does not have the special-purpose feeding terminal. For example,
the proposed solution is not applicable to a two-terminal structure battery pack having
only positive and negative terminals to which both the power tool and the battery
charger are selectively connected.

In order to solve the above-noted problems, the invention provides a rechargeable
battery accommodating unit including a positive terminal and a negative terminal; a
rechargeable battery connected between the positive terminal and the negative
terminal; connection/disconnection controlling means for selectively connecting the
rechargeable battery to and disconnecting the rechargeable battery from the positive
terminal; battery voltage detecting means for detecting a battery voltage across the
rechargeable battery and outputting a voltage signal indicative of the battery voltage;
and control means having an input port for inputting the voltage signal and an output
port for outputting a control signal for controlling the connection/disconnection con-
trolling means. The control means outputs the control signal to connect the
rechargeable battery to the positive terminal only when the voltage signal indicates that
the battery voltage is equal to or higher than a first predetermined voltage. The first
predetermined voltage represents the lowest limit voltage that the rechargeable battery
is usable.

The rechargeable battery accommodating unit may further include voltage lowering
means for lowering a charge voltage supplied across the positive terminal and the
negative terminal by a battery charger for charging the rechargeable battery in a
regular charge mode and outputting a lowered charge voltage lower than the charge

voltage. The control means controls the connection/disconnection controlling means to
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[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

disconnect the rechargeable battery from the positive terminal when the voltage signal
indicates that the battery voltage is lower than the first predetermined voltage, and
charges the rechargeable battery in a precharge mode in which the rechargeable battery
is charged with the lowered charge voltage. The precharge mode is implemented

precedent to a regular charge mode.
The precharge mode is changed to the regular charge mode when the battery voltage

is increased to a second predetermined voltage higher than the first predetermined
voltage.

The battery current detecting means may further be provided for detecting a current
flowing in the rechargeable battery. The control means determines whether the
rechargeable battery is relevant to charge based on at least one of the current detected
by the battery current detecting means and the battery voltage detected by the battery
voltage detecting means. The precharge mode is changed to the regular charge mode,
provided that the control means determines that the rechargeable battery is relevant to
charge in the regular charge mode.

The rechargeable battery includes a plurality of cells connected in series. The battery
voltage detecting means includes cell voltage monitoring means for monitoring a
voltage across each of the plurality of cell. The control means determines whether the
rechargeable battery is relevant to charge based further on results of monitoring by the
monitoring means.

Drive voltage generating means is further provided for generating, based on the
charge voltage supplied across the positive terminal and the negative terminal by a
battery charger, a drive voltage applied to the control means for placing the control
means in an operable condition. Another drive voltage generating means is further
provided for generating the drive voltage based on the battery voltage.

Terminal voltage detecting means may further be provided for detecting a voltage
developed across the positive terminal and the negative terminal.

The use of lithium-ion battery as the rechargeable battery is preferred.
Advantageous Effects of Invention

The rechargeable battery accommodating unit according to the invention is ad-
vantageous in that the control means can be placed in an operable condition even if the
battery voltage is not as high as to generate the drive voltage.

Brief Description of Drawings
[fig.1]Fig. 1 is a block diagram showing an electrical arrangement of a battery pack
according to one embodiment of the invention; and

[fig.2]Fig. 2 is a flowchart illustrating the operation of the battery pack shown in Fig.
1.
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[0018]

[0019]

[0020]

[0021]

Best Mode for Carrying out the Invention

In the following description, a battery pack will be described as one embodiment of a
rechargeable battery accommodating unit according to the invention.

The battery pack 100 according to this embodiment is of a two-terminal structure
having positive and negative terminals for connecting to a power tool and a battery
charger. When the battery pack 100 is used as a power source of the power tool, the
positive and negative terminals of the power tool are connected to the positive and
negative terminals of the battery pack 100, respectively. When the battery pack 100 is
recharged by the battery charger, the positive and negative terminals of the battery
pack 100 are connected to the positive and negative terminals of the battery charger,
respectively. When the battery pack 100 is used as the power source of the power tool,
current flows from the positive terminal of the battery pack 100 to the power tool and
then returns to the negative terminal of the battery pack 100. On the other hand, when
the battery pack 100 is recharged by the battery charger, current flows in the opposite
direction, i.e., the current from the battery charger flows into the positive terminal of
the battery pack 100 and the current returns to the battery charger from the negative
terminal of the battery pack 100.

The battery pack 100 according to the embodiment of the invention is basically
configured from a rechargeable battery 1, a connection/disconnection controlling FET
13 (hereinafter referred simply to as "FET"), a battery voltage detecting circuit 5, and a
microcomputer 4.

The rechargeable battery 1 is connected between the positive and negative terminals
of the battery pack 100 across which the battery voltage is developed. The
rechargeable battery 1 is a lithium-ion battery and made up of a plurality of cells
connected in series. In this embodiment, ten lithium-ion battery cells are connected in
series. The rated voltage of each lithium-ion battery cell is 3.6V, so that the voltage
output from the 10-cell battery 1 is 36V. The battery pack 100 according to this em-
bodiment is determined so that the battery 1 accommodated therein is over-discharged
when the battery voltage falls below a critical voltage of 30V. In the following de-
scription, the expression "low-voltage condition" will be used to refer to a battery
condition in which the battery voltage is lower than the critical voltage of 30 volts. The
battery pack 100 of this embodiment is designed so that when the battery 1 is brought
to the low-voltage condition, further use of the battery pack 100 is prohibited. Long-
term unused battery packs are likely to become the low-voltage condition. The low-
voltage condition battery is incapable of turning on the FET 13 with its output voltage.
In the following description, it is assumed that the battery 1 is in the low-voltage

condition, in which the FET 13 cannot be rendered ON irrespective of the control
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[0023]

[0024]

[0025]

[0026]

signal applied to the FET 13 from an FET controlling circuit 14. The FET 13 serves as
a switching element and is provided in a charging path connecting the positive terminal
and the battery 1.

The microcomputer 4 has an output port connected to the FET controlling circuit 14
which in turn is connected to the FET 13. The ON/OFF switching of the FET 13 is im-
plemented in response to a control signal output from the FET controlling circuit 14
which is operated in response to an instruction fed from the microcomputer 4. When
the FET 13 is ON, the battery voltage is developed across the positive and negative
terminals of the battery pack 100 whereas when the FET 13 is OFF, the batter voltage
is not developed thereacross.

The battery voltage detecting circuit 5 is connected between the positive terminal of
the battery 1 and ground for detecting the battery voltage. The battery voltage detecting
circuit 5 is operative when a second switch 12 (to be described later) is OFF. The
battery voltage detecting circuit 5 is configured from two resistors connected in series.
The serially connected resistors are connected between the positive terminal of the
battery 1 and ground, and the voltage developed across the ground-side resistor is
applied to the microcomputer 4 as a voltage signal indicative of the battery voltage.

The microcomputer 4 governs the overall operations of the battery pack 100 and has
an input port for inputting the voltage signal from the battery voltage detecting circuit
5 and an output port for outputting an instruction signal to the FET controlling circuit
14. The FET controlling circuit 14 outputs the control signal to the FET 13 in response
to the instruction signal fed from the microcomputer 4.

The microcomputer 4 and the FET controlling circuit 14 serve as control means.
Specifically, the control means has an input port for inputting the voltage signal and an
output port for outputting the control signal for controlling the FET 13. The control
means instructs the FET 13 to connect the battery 1 to the positive terminal of the
battery pack 100 only when the voltage signal indicates that the battery voltage is equal
to or above a critical voltage, i.e., the lowest voltage level that the battery 1 is allowed
to use, which is a criterion for knowing the status of the battery. More specifically,
when the battery voltage is equal to or above the critical voltage, the battery is de-
termined to be usable whereas when the battery voltage is lower than the critical
voltage, the battery 1 is determined to be in the low-voltage condition.

The battery pack 100 includes a battery protection IC (integrated circuit) 2, and a
protection circuit 3. The battery protection IC 3 is connected to the battery 1 to detect
the voltage across each of the plurality of cells. The output of the battery protection IC
3 is connected to the protection circuit 3 which in turn is connected to the input port of
the microcomputer 4. Having detected that the voltage across at least one cell of the

battery has fallen below the cell critical voltage (3.0 volts in this embodiment), the
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battery protection IC 2 outputs a discharge stop signal to the protection circuit 3. In
response to the discharge stop signal, the protection circuit 3 outputs a first alert signal
to the microcomputer 4 advising that further discharge from the battery 1 should be
stopped. Then, the microcomputer 4 renders the FET 13 OFF through the FET con-
trolling circuit 14 to thereby stop driving the power tool.

During charging the battery 1 with a battery charger, the battery protection IC also
monitors the voltage across each cell of the battery 1. Having detected that the voltage
across at least one cell of the battery 1 has reached or exceeded the highest voltage
level or fully charged voltage level, the battery protection IC 2 outputs a charge stop
signal to the protection circuit 3. In response to the charge stop signal, the protection
circuit 3 outputs a second alert signal to the microcomputer 4 advising that the battery
1 is brought to a fully charged condition or an over-charge condition. Then, the micro-
computer 4 renders the FET 13 OFF through the FET controlling circuit 14 to thereby
stop charging the battery 1.

As described, the battery protection IC 2 and the protection circuit 3 serve as cell
voltage monitoring means for monitoring a voltage across each of the plurality of cells.
The microcomputer 4 determines whether the battery 1 is relevant to charge based on
the results of monitoring by the monitoring means.

The microcomputer 4 may determine whether the battery 1 is relevant to charge
based on the current flowing in the battery 1 or both the voltage across each of the
plurality of cells and the current flowing in the battery 1.

The battery pack 100 further includes a charge-voltage detecting circuit (terminal
voltage detecting means) 6 and a current detecting circuit 7. The charge-voltage
detecting circuit 6 is connected between the positive terminal and negative terminal (or
ground) of the battery pack 100 for detecting the voltage supplied from the battery
charger. Like the battery voltage detecting circuit 5, the charge-voltage detecting
circuit 6 is also made up of two resistors connected in series, and a voltage developed
across the ground-side resistor is applied to the input port of the microcomputer 4.

The current detecting circuit 7 includes a shunt resistor connected between the
negative terminal of the battery pack 100 and the negative terminal of the battery 1 for
detecting a current flowing into the battery 1. Although not depicted in Fig. 1, the
current detecting circuit 7 further includes an operational amplifier to amplify a voltage
developed across the shunt resistor. The current flowing in the shunt resistor is
obtained by dividing the voltage across the shunt resistor with the resistance of the
shunt resistor. The current thus obtained is applied to the input port of the micro-
computer 4.

Next, a circuit arrangement for powering the microcomputer 4 will be described.

Although not depicted in Fig. 1, a primary drive voltage generating circuit is
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[0035]

[0036]

[0037]
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[0039]

provided in the circuit of the battery pack 100 for booting and powering the micro-
computer 4. A drive DC voltage (5 volts in this embodiment) is generated by the
primary drive voltage generating circuit based on the battery voltage. The primary
drive voltage generating circuit is available when the battery 1 is not in the low-voltage
condition but is not available when the battery 1 is in the low-voltage condition.

An auxiliary drive voltage generating circuit is provided for use as a replacement of
the primary drive voltage generating circuit. The auxiliary drive voltage generating
circuit is configured to be operated when the primary drive voltage generating circuit is
not available due to the low-voltage condition of the battery 1. The auxiliary drive
voltage generating circuit also generates the same drive voltage as that generated by
the primary drive voltage generating circuit.

The auxiliary drive voltage generating circuit includes a first voltage dropper 8 and a
second voltage dropper 9. The first voltage dropper 8 has an input connected to the
battery charger via the positive and negative terminals of the battery pack 100, and an
output connected to the second voltage dropper 9. It is desirable to employ a switching
regulator for the voltage droppers.

As described, the drive voltage for the microcomputer 4 is generated based either on
the battery voltage or on the voltage supplied from the battery charger. For the purpose
of charging the battery 1, the battery charger applies a charge voltage relevant to the
battery 1, for example, 42 volts for the 10-cell lithium ion battery. The voltage from
the battery charger is also used for generating the drive voltage for the microcomputer
4. To this effect, the voltage supplied from the battery charger is lowered to, for
example, 40 volts by the first voltage dropper 8, and the resultant voltage is further
lowered to 5 volts by the second voltage dropper 9.

The output of the first voltage dropper 8 is also connected to a DC-to-DC converter
11 via a 1st switch 10. When the 1t switch 10 is ON, the DC-to-DC converter 11
lowers the voltage from the first voltage dropper 8 (40 volts) to a further lowered
voltage with which the battery 1 is charged. That is, the battery 1 is charged with a
voltage lower than a regular charge voltage of 42 volts.

The aforementioned second switch 12 is connected between the first voltage dropper
8 and the battery voltage detecting circuit 5. When the second switch 12 is closed, the
drive voltage (5 volts) is generated based on the voltage supplied from the battery
charger to boot the microcomputer 4. Insofar as no problem exist with the the battery
1, the microcomputer 4 outputs an instruction signal to the FET controlling circuit 14
instructing to render the FET 13 ON, thereby placing the power tool to be usable.

On the other hand, at the time of charging the battery 1, the microcomputer 4 is
booted regardless of whether the second switch 12 is ON or OFF, as the drive voltage

(5V) of the microcomputer 4 is generated based on the voltage from the battery
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charger. Upon determining that the battery pack 100 is connected to the battery
charger, a charge control is executed. This determination is made based on the signal
from the charge-voltage detecting circuit 6. Specifically, when the voltage output from
the charge-voltage detecting circuit 6 is changed from zero volt to any volts greater
than zero, then the microcomputer 4 determines that the battery pack 100 is connected
to the battery charger.

The FET 13 is provided in a charging path connecting the battery 1 and the positive
terminal of the battery pack 100. Rendering the FET 13 ON connects the battery 1 and
the positive terminal whereas rendering the FET 13 OFF disconnects the battery 1
from the positive terminal. Except for the time at which charging and discharging the
battery 1 are carried out, the FET 13 is held OFF. As a result, the battery 1 is dis-
connected from the positive terminal and thus the battery voltage does not appear
across the positive and negative terminals of the battery pack 100. Enabling or
disabling the charging path is controlled by the FET controlling circuit 14 which in
turn is controlled by the microcomputer 4. Specifically, the FET 13 is controlled by the
microcomputer 4 which has been placed in an operable condition by the voltage
supplied from the charger. The FET control is carried out in this way even if the
battery voltage is zero.

More specifically, the FET 13 is a P-channel FET having a source connected to the
positive terminal, and a drain connected to the battery 1. A resistor is connected across
the source and the gate of the FET 13. The FET controlling circuit 14 includes an N-
channel FET having a drain connected to the gate of the FET 13 via a resistor. The
FET configuring the FET controlling circuit 14 has a source held to a low voltage, and
a gate connected to the output port of the microcomputer 4. Application of a high-level
signal to the gate of the FET configuring the FET controlling circuit 14 by the micro-
computer 4 renders the FET 13 ON, resulting in connection of the battery 1 to the
positive terminal of the battery pack 100. On the other hand, application of a low-level
signal to the gate of the FET configuring the FET controlling circuit 14 by the micro-
computer 4 renders the FET 13 OFF, resulting in disconnection of the battery 1 from
the positive terminal of the battery pack 100. Insofar as the drive voltage of 5V for
driving the microcomputer 4 is being applied to the microcomputer 4, the ON/OFF
control of the FET 13 can be implemented.

Next, operation of the battery pack 100 configured as described above will be
descried while referring to the flowchart shown in Fig. 2.

The flowchart shown in Fig. 2 illustrates processes sequentially executed by the mi-
crocomputer 4 for charging the battery 1.

At the start of series of processes, the FET 13 is in an OFF state and thus the
charging path is disabled, in which the battery 1 is disconnected from the positive
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terminal of the battery pack 100. The 1t and 2 switches 10 and 12 are normally-open
switches and are held OFF.

Initially, the microcomputer 4 determines whether or not the battery pack 100 is
connected to the battery charger (S1). The battery pack 100 can be connected to the
battery charger or the power tool. The microcomputer 4 determines that the power tool
is connected to the battery pack 100 if determination made in S1 is negative. In such a
case, the routine advances to a sub-routine S2 where the battery pack 100 is placed in a
discharge mode and the power tool is driven using the battery pack 100 as a power
source.

Determination as to whether the battery pack 100 is connected to the battery charger
is made based on the voltage applied to the microcomputer 4 by the charge-voltage
detecting circuit 6. More specifically, before the start of charging, the FET 13 is held
OFF. The charge voltage (42 volts) supplied from the battery charger is applied to the
charge-voltage detecting circuit 6 made up of two resistors connected in series between
the positive terminal and ground. A voltage developed across the ground-side resistor
is applied to the microcomputer 4, so that the latter recognizes that the battery pack
100 is connected to the battery charger. On the other hand, when the battery pack 100
is connected to the power tool, no voltage is applied to the charge-voltage detecting
circuit 6 from the power tool, so that the voltage applied to the microcomputer 4 by the
charge-voltage detecting circuit 6 is zero, thereby enabling the microcomputer 4 to
recognize that the battery pack 100 is connected to the power tool or is not connected
to the battery charger.

The microcomputer 4 needs to be placed in an operable condition before the micro-
computer 4 executes prescribed process. As in the conventional configuration of the
battery pack, the circuit of the battery pack according to the above-described em-
bodiment includes the primary drive voltage generating circuit (not shown) for
generating a drive voltage (5 volts) of the microcomputer 4 using the battery 1 as a
power source. When the battery 1 is in the low-voltage condition, the battery 1 is
incapable of driving the microcomputer 4 with the primary drive signal generating
circuit. In this embodiment, the drive voltage of the microcomputer 4 is generated
upon decreasing the voltage supplied from the battery charger with the firsts and
second voltage droppers 8 and 9.

Next, determination is made in S3 as to whether or not the battery voltage (BV) is
equal to or higher than 30 volts that is the critical voltage of the battery 1 (S3). As
described previously, the critical voltage (30 volts), i.e., the lowest limit voltage, is a
threshold value (Th) for determining whether the battery 1 is in the low-voltage
condition. It should be noted that the battery voltage being lower than 30 volts does not

necessarily mean that the battery 1 is actually in the over-discharge condition.
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However, the battery 1 is treated as being over-discharged if the battery voltage is
lower than the critical voltage (30 volts). When determination is made such that the
battery voltage is equal to or higher than 30 volts (S3: YES), the routine proceeds to
S11. On the other hand, when determination is made such that the battery voltage is
lower than 30 volts (S3: NO), the routine proceeds to S4. Determination as to whether
the battery voltage is equal to or higher than 30 volts is made based on the output
voltage from the battery voltage detecting circuit 5.

The fact that the battery voltage is lower than 30 volts (S3: NO) indicates that the
battery 1 is in the low-voltage condition. If it is the case, the microcomputer 4 outputs
a high level signal to the 1t switch 10 to render the latter ON (S4), whereupon the
routine proceeds to a precharge mode for precharging the low-voltage battery 1, in
which the battery 1 is charged with a voltage lower than a regular charge voltage (S5).

Next, it is determined whether the microcomputer 4 receives from the protection
circuit 3 the first alert signal. The microcomputer 4 determines that the battery 1 isin a
condition irrelevant to charge when the microcomputer 4 receives such a signal from
the protection circuit 3 (S6: NO). Then, the routine proceeds to S10 where the
precharge is stopped. On the other hand, when the microcomputer 4 does not receive
the first alert signal from the protection circuit 3 indicating that the battery 1 is relevant
or ready to charge (S6: YES), it is further determined that the battery voltage has
reached or exceeded a predetermined value "a" volts, e.g., 30 volts (S7).

Determination as to whether the battery 1 is relevant or irrelevant to charge may be
made based on a rate of change in the battery voltage. Specifically, with the rate of
change in the battery voltage being equal to or greater than a prescribed value, the
battery 1 is determined to be relevant to charge whereas with the rate of change in the
battery voltage being lower than the predetermined value, the battery 1 is determined
to be irrelevant to charge.

If the battery voltage has reached or exceeded the predetermined value (30 volts) (S7:
YES), precharging the battery 1 is stopped and subsequently a regular charge is carried
out (S11). On the other hand, if the battery voltage has not yet reached the prede-
termined value (S7: NO), the precharge of the battery 1 is continued for a prescribed
period of time, e.g., 60 minutes (S9). When the battery voltage does not reach the pre-
determined voltage ("a" volts) during prescribed period of time(S9: YES), precharging
the battery is stopped (S10). In a case where one of the plurality of cells making up of
the battery 1 has reached the end of service life or if one of the cells is short-circuited
or malfunctioned for other reasons, the battery voltage does not increase despite the
battery is continuously precharged.

When the battery 1 is determined to be normal and sound in the precharge mode and

when the battery voltage has reached or exceeded 30 volts, the routine proceeds to the
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regular charge mode (S11). As described, according to this embodiment, charging the
battery 1 with the regular charge mode is immediately carried out when the battery
voltage detected by the battery voltage detecting circuit 5 is equal to or higher than the
critical voltage (30 volts) used as a criterion for determining that the battery 1 is in the
low-voltage condition. When the battery 1 is in the low-voltage condition, precharging
the battery is firstly carried out and then charging the battery with the regular charge
mode is carried out after confirming that the battery is normal and sound. In the regular
charge mode, the FET 13 is rendered ON to thereby enable the charging path (S12),
that is, to connect the positive terminal of the battery 1 to the positive terminal of the
battery pack 100, whereby the normal charging of the battery 1 is started (S13).

When the first alert signal is received from the protection circuit 3 (S14: YES), the
routine proceeds to S16 where charging the battery 1 is stopped and the FET 13 is
rendered OFF. Unless the alert signal is issued from the protection circuit 3 (S14: NO),
charging the battery 1 is continued until the battery 1 is brought to a full charge
condition (S15). When the battery 1 is determined to be fully charged (S15: YES),
charging the battery 1 is stopped and the FET 13 is rendered OFF (S16).

As described above, the two-terminal structure battery pack having only positive and
negative terminals is configured to generate a drive voltage of the microcomputer 4
based on the charge voltage supplied from the battery charger. As such, the micro-
computer can be placed in an operable condition even if the battery contained in the
battery pack 100 is in the low-voltage condition in which the battery voltage is too low
to generate the drive voltage of the microcomputer 4. Once the microcomputer 4 is
placed in the operable condition, the FET 13 provided in the charging path connecting
the positive terminal of the battery pack 100 and the positive terminal of the battery 1
can be controlled by the microcomputer 4 so as to allow the battery 1 to be charged or
stop charging the battery 1. Thus, the battery 1 can be charged even if the battery 1 is
in the low-voltage condition, provided that the battery 1 is not in a fatal condition
incapable of being charged, such as batteries which have reached the end of the service
life or malfunction batteries.

While description has been made with respect to a battery pack as one example of
rechargeable battery accommodating units, the present invention is also applicable to a
backpack type power supply, which is generally larger in size than the tool-mountable
type battery packs. It should be noted that unlike the small-size battery pack, the large-
size backpack type power supply has a high voltage output capability and contains
high capacity rechargeable battery. Typically, the backpack type power supply
contains X-number cell blocks connected in parallel with one another in which each
cell block includes Y-number cells connected in series and corresponding cells in the

X-number cell blocks are connected. X and Y are integers equal to or greater than two.
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It should further be noted that the small-size battery pack and the backpack type power
supply are different in how to use. Specifically, the small-size battery packs are used
generally by inserting it into or attaching it to a power tool. The backpack type power
supply is carried by a strap on the user's back and connected to a power tool via an
adapter. The present invention is also applicable to a shoulder bag type power supply
used by carrying it on user's shoulder, a waist belt type power supply that can be worn
about the users waist, and a carrybag type power supply (or piggy bag type) carried by
the user.

While the present invention has been described with reference to a specific em-
bodiment, it would be apparent for a person skilled in the art that a variety of various
changes and modifications may be made without departing from the scope of the
invention.

Reference Sign List

1 Rechargeable battery

2 Battery protection IC

3 Protection circuit

4 Microcomputer

5 Battery voltage detecting circuit

6 Charge-voltage detecting circuit

7 Current detecting circuit

8 1t Voltage dropper

9 2 Voltage dropper

10 1st Switch

11 DC-to-DC converter

12 27 Switch

13 Connection/disconnection control FET

14 FET controlling circuit

100 Battery pack
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Claims

A rechargeable battery accommodating unit comprising:

a positive terminal and a negative terminal;

a rechargeable battery connected between the positive terminal and the
negative terminal;

connection/disconnection controlling means for selectively connecting
the rechargeable battery to and disconnecting the rechargeable battery
from the positive terminal;

battery voltage detecting means for detecting a battery voltage across
the rechargeable battery and outputting a voltage signal indicative of
the battery voltage; and

control means having an input port for inputting the voltage signal and
an output port for outputting a control signal for controlling the
connection/disconnection controlling means,

characterized in that the control means outputs the control signal to
connect the rechargeable battery to the positive terminal only when the
voltage signal indicates that the battery voltage is equal to or higher
than a first predetermined voltage, the first predetermined voltage being
a lowest limit voltage that the rechargeable battery is usable.

The rechargeable battery accommodating unit according to claim 1,
characterized in that voltage lowering means is further provided for
lowering a charge voltage supplied across the positive terminal and the
negative terminal by a battery charger for charging the rechargeable
battery in a regular charge mode and outputting a lowered charge
voltage lower than the charge voltage, and

that the control means controls the connection/disconnection con-
trolling means to disconnect the rechargeable battery from the positive
terminal when the voltage signal indicates that the battery voltage is
lower than the first predetermined voltage, and charges the
rechargeable battery in a precharge mode in which the rechargeable
battery is charged with the lowered charge voltage, the precharge mode
being implemented precedent to a regular charge mode.

The rechargeable battery accommodating unit according to claim 2,
characterized in that the precharge mode is changed to the regular
charge mode when the battery voltage is increased to a second prede-
termined voltage higher than the first predetermined voltage.

The rechargeable battery accommodating unit according to any one of
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[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]
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claims 1 to 3, characterized in that battery current detecting means is
further provided for detecting a current flowing in the rechargeable
battery.

The rechargeable battery accommodating unit according to claim 4,
characterized in that the control means determines whether the
rechargeable battery is relevant to charge based on at least one of the
current detected by the battery current detecting means and the battery
voltage detected by the battery voltage detecting means.

The rechargeable battery accommodating unit according to claim 5,
characterized in that the precharge mode is changed to the regular
charge mode, provided that the control means determines that the
rechargeable battery is relevant to charge in the regular charge mode.
The rechargeable battery accommodating unit according to claim 6,
characterized in that the rechargeable battery includes a plurality of
cells connected in series, the battery voltage detecting means includes
cell voltage monitoring means for monitoring a voltage across each of
the plurality of cells, and the control means determines whether the
rechargeable battery is relevant to charge based further on results of
monitoring by the monitoring means.

The rechargeable battery accommodating unit according to claim 1,
characterized in that drive voltage generating means is further provided
for generating, based on the charge voltage supplied across the positive
terminal and the negative terminal by a battery charger, a drive voltage
applied to the control means for placing the control means in an
operable condition.

The rechargeable battery accommodating unit according to claim 1,
characterized in that terminal voltage detecting means is further
provided for detecting a voltage developed across the positive terminal
and the negative terminal.

The rechargeable battery accommodating unit according to claim 1,

characterized in that the rechargeable battery is lithium-ion battery.
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