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FIG. 3

( CELL BLOCK SWITCHING PROCESS )
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FIG. 4
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BATTERY UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2013-130770 filed Jun. 21, 2013 with
the Japan Patent Office, and the disclosure of which is incor-
porated herein by reference.

BACKGROUND

[0002] The present invention relates to a battery unit with a
plurality of cell assemblies.

[0003] One type of known battery unit is provided with a
plurality of cell assemblies connected in parallel and is con-
figured to be able to supply power to the load of a power
supply target from at least one of the plurality of cell assem-
blies. Each of the plurality of cell assemblies has a plurality of
battery cells (hereinafter, simply referred to as “cells™) that
are connected in series, parallel or series-parallel. For
example, as disclosed in Japanese Unexamined Patent Appli-
cation Publication No. 2011-218510, the battery unit of this
type may be configured such that the plurality of cell assem-
blies are accommodated in a housing or the plurality of cell
assemblies are individually attachable and detachable from
the battery unit.

[0004] In the battery unit like this, in case that the plurality
of cell assemblies are simply connected in parallel, there is a
possibility that a sneak (backflow) current from one cell
assembly to another cell assembly is generated due to differ-
ences in the electrical state, etc. between the cell assemblies.
Such backflow is less preferred in light of quality mainte-
nance of the battery. The reason is because, if abnormality
occurs to one of the cell assemblies, it is possible that an
excessive sneak (charge) current from the other parallel-con-
nected cell assemblies to the cell assembly in the abnormal
state is generated, thereby worsening the situation.

[0005] In contrast, Japanese Unexamined Patent Applica-
tion Publication No, 2011-218510 discloses an adapter con-
figured to connect a diode to a positive electrode of each
battery, and to output a current to the load from each battery
via the diode. With this adapter, a sneak current between the
parallel-connected batteries is blocked by the diode.

SUMMARY

[0006] The method for preventing a sneak current between
batteries by a diode, however, involves a large power loss due
to the diode. It is possible that reduction in power supplied to
the load, heat generation due to the power loss, etc. occur.
[0007] It is desirable that one aspect of an embodiment of
the present disclosure can suppress a sneak current from
occurring between cell assemblies while suppressing a loss of
power supplied from each cell assembly.

[0008] A battery unit in one aspect of the embodiment of
the present disclosure includes a plurality of cell assemblies,
apositive electrode connection terminal, a negative electrode
connection terminal, a plurality of switch sections, a control
section, and a simultaneous on-suppression section.

[0009] Each of the plurality of cell assemblies includes a
positive electrode, a negative electrode, and an assembled
battery. The assembled battery includes a plurality of battery
cells that are connected in one of series, parallel, and series-
parallel to each other. The positive electrode connection ter-
minal is connected to the positive electrode of each of the
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plurality of cell assemblies. The negative electrode connec-
tion terminal is connected to the negative electrode of each of
the plurality of cell assemblies. Note that the positive elec-
trode of the cell assembly means a positive electrode of the
assembled battery included in the cell assembly, and the nega-
tive electrode of the cell assembly means a negative electrode
of the assembled battery included in the cell assembly.

[0010] Each ofthe plurality of switch sections corresponds
to one of the plurality of cell assemblies, and is configured to
conduct or block a current path between the positive electrode
of'the corresponding cell assembly and the positive electrode
connection terminal. The control section is configured to
selectively output an on-command signal for conducting the
current path to each of the plurality of switch sections. The
simultaneous on-suppression section is configured, when the
on-command signal is output to at least two of the plurality of
switch sections from the control section, to perform one of
enabling the on-command signal to one of the at least two
switch sections and disabling the on-command signal to all of
the at least two switch sections, so as to suppress the at least
two switch sections from being turned on at the same time.

[0011] In the battery unit configured as such, the plurality
of'cell assemblies are not connected in parallel directly but are
connected in parallel via the plurality of switch sections.
Since the control section selectively turns on one of the plu-
rality of switch sections, the plurality of switch sections are
suppressed from being turned on at the same time normally
(as long as the control section is normal). Therefore, it is
possible to suppress occurrence of a sneak current between
the cell assemblies due to parallel connection of the plurality
of the cell assemblies. That is, in the embodiment of the
present disclosure, unlike the prior art, a sneak current
between the cell assemblies is suppressed without using a
diode but using the switch sections having a smaller voltage
drop (on-resistance) than the diode.

[0012] Further, the battery unit in the embodiment of the
present disclosure is provided with the simultaneous on-sup-
pression section as described above. With the on-suppression
section, even if the on-command signal is output from the
control section to the plurality of switch sections, simulta-
neous turning-on of the plurality of switch sections is sup-
pressed.

[0013] Therefore, according to the battery unit in the
embodiment of the present disclosure, it is possible to sup-
press a sneak current between the cell assemblies while sup-
pressing a loss of power from each cell assembly.

[0014] Each of the switch sections may be provided with a
first switch and a second switch connected in series. Specifi-
cally, each of the first switch and the second switch may
include a pair of end portions. One end of the pair of end
portions of the first switch may be connected to one end of the
pair of end portions of the second switch. The other end of the
pair of end portions of the first switch may be connected to the
positive electrode connection terminal. The other end of the
pair of end portions of the second switch may be connected to
the positive electrode of the cell assembly corresponding to
the switch section provided with the second switch.

[0015] Thus, by configuring each switch section using the
first switch and the second switch connected in series, even if
one of the first switch and the second switch has a short-
circuit fault, it is possible to suppress a sneak current from
other cell assemblies as long as the other of the first switch
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and the second switch is normal. That is, it is possible to more
effectively suppress the sneak current between the cell assem-
blies.

[0016] Further, each switch section may include a third
switch. The third switch may be provided with one end con-
nected to one end of the first switch and one end of the second
switch, and the other end separate from the one end. In this
case, the battery unit may include a plurality of switching
control sections and an abnormality determination section.
Each of the switching control sections may correspond to
each of the plurality of switch sections, and may be config-
ured to turn off the third switch of the corresponding switch
section when the on-command signal is output to the corre-
sponding switch section and to turn on the third switch of the
corresponding switch section while the on-command signal is
not output to the corresponding switch section. That is, the
third switch may operate in reverse logic to the first and
second switches in response to the on-command signal from
the control section. The abnormality determination section
may be configured to determine the presence or absence of
abnormality of each of the plurality of switch sections based
on an electrical state of the other end of the third switch in
each of the plurality of switch sections.

[0017] If at least one of the first switch and the second
switch in one switch section has a short-circuit fault, there is
a possibility that the other end of the third switch turns to an
electrically abnormal state (a state that is different from nor-
mal operation) through the switch having the short-circuit
fault even though the on-command signal is not output to the
switch section. Therefore, according to the battery unit con-
figured as described above, a short-circuit fault of the switch
section (i.e., a short-circuit fault of at least one of the first
switch and the second switch) can be detected.

[0018] The abnormality determination section may be fur-
ther configured to determine the presence or absence of a
short-circuit fault of the second switch in each of the plurality
of switch sections, based on the electrical state of the other
end of the third switch in each of the plurality of switch
sections when the on-command signal is not output from the
control section.

[0019] If the second switch connected to one of the cell
assemblies has a short-circuit fault, the voltage of the cell
assembly appears directly or indirectly through the second
switch and the third switch at the other end of the third switch
even if the on-command signal is not output to the cell assem-
bly from the control section. Therefore, it is possible to detect
a short-circuit fault of the second switch based on the electri-
cal state (e.g., voltage) of the other end of the third switch.

[0020] The battery unit may include a constant voltage
generator and a constant voltage applying section. The con-
stant voltage generator is configured to generate a constant
voltage having a predetermined voltage value. The constant
voltage applying section is configured to apply the constant
voltage generated by the constant voltage generator to the
other end of the first switch in each of the plurality of switch
sections at a predetermined determination timing during a
period in which an on-command signal is not output from the
control section. In this case, the abnormality determination
section may be further configured to determine the presence
or absence of a short-circuit fault of the first switch in the
plurality of switch sections based on the electrical state of the
other end of the third switch in each of the plurality of switch
sections when the constant voltage is applied by the constant
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voltage applying section to the other end of the first switch in
each of the plurality of switch sections.

[0021] Ifthe first switch connected to one of the cell assem-
blies has a short-circuit fault, even if the on-command signal
is not be output to the cell assembly from the control section,
the constant voltage from the constant voltage generator
appears directly or indirectly via the constant voltage apply-
ing section, the first switch and the third switch to the other
end of the third switch. Therefore, it is possible to detect a
short-circuit fault of the first switch based on the electrical
state (e.g., voltage) of the other end of the third switch.
[0022] The simultaneous on-suppression section may be
further configured, when the on-command signal is output to
atleast two of the plurality of switch sections from the control
section, to forcibly turn off the at least two of the plurality of
switch sections. According to this configuration, all the cell
assemblies are forcibly disconnected from the positive elec-
trode connection terminal. Thus, a sneak-current between the
plurality of cell assemblies is suppressed. Therefore, it is
possible to improve reliability of the battery unit against
abnormality of the on-command signal due to abnormality of
the control section, etc.

[0023] Alternatively, the simultaneous on-suppression sec-
tion may be further configured, if, while the on-command
signal is output to one of the plurality of switch sections from
the control section, the on command signal is also output to at
least another one of the plurality switch sections from the
control section, to permit transmission of the on-command
signal to the one of the plurality of switch sections, and to
suppress the transmission of the on-command signal to the at
least another one of the plurality of switch sections. Such
configuration is hereinafter referred to as an on-sustainable
configuration.

[0024] In the case of the on-sustainable configuration as
described above, not all the switch sections are forcibly
turned off, and the switch section that has been already turned
on is kept on as it is. The switch section to which the on-
command signal is output later is not turned on, assuming that
the on-command signal is invalid. Therefore, it is possible to
suppress the sneak current between the plurality of cell
assemblies while enabling supply of battery power through
the switch section (electric power supply to the outside
through each connection terminal) that has been already
turned on to be continued.

[0025] The battery unit having the above on-sustainable
configuration may be implemented by including a D-type
flip-flop that is connected to the control section and the plu-
rality of switch sections. The D-type flip-flop has a plurality
of data input terminals, a plurality of data output terminals, a
clock signal input terminal, and a clear signal input terminal.
Each of the plurality of data input terminals is connected to
one of the plurality of switch sections, and the on-command
signal output from the control section is input as an input
signal to each of the plurality of data input terminals. Each of
the plurality of data output terminals corresponds to one of the
plurality of switch sections, and an output signal to the input
signal is output to the corresponding switch section from each
of'the plurality of data output terminals. A logical sum of the
on-command signals to the respective plurality of switch
sections from the control section is input to the clock signal
input terminal as a clock signal. A logical sum of the on-
command signals to the respective plurality of switch sections
from the control section is input to the clear signal input
terminal as a clear signal.
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[0026] With the D-type flip-flop, even if the on-command
signal is output to one switch section to turn on the one switch
section and the on-command signal is output to another
switch section, the clock signal input to the D-type flip-flop
does not change. Thus, the on command signal output later is
not assumed as an output signal.

[0027] Therefore, by transmitting the on command signal
from the control section to each of the switch sections via the
D-type flip-flop configured as above, a battery unit having the
on-sustainable configuration can be constructed with a simple
circuit. Accordingly, it is possible to reduce the size of the
internal circuit of the battery unit, and further reduce the size
and the cost of the battery unit as a whole.

[0028] Each of the cell assemblies may further includes a
monitoring section. The battery unit may be configured, when
abnormality is detected by one of the monitoring sections, to
forcibly turn off at least the switch section corresponding to
the cell assembly having the monitoring section. Specifically,
the monitoring section is configured to monitor a state of the
assembled battery and, when detecting an abnormality of the
assembled battery, to output an error signal indicating the
abnormality. The battery unit may further include a forcing-
off section. The forcing-oft section is configured to forcibly
turn off, irrespective of the presence or absence of the on-
command signal, at least the switch section, out of the plu-
rality of switch sections, that corresponds to the cell assembly
in which an error signal is output from the monitoring section.

[0029] According to the battery unit configured as such,
even when abnormality occurs in the cell assembly itself,
each of the switch sections is forcibly turned off to suppress
parallel connection between the cell assemblies, and connec-
tion between each of the cell assemblies and the positive
electrode connection terminal is cut off. Therefore, it is pos-
sible, even if abnormality occurs in one of the cell assemblies,
to inhibit the abnormality from affecting the other cell assem-
blies or outside of the battery unit, thereby to increase the
reliability of the battery unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Hereinafter, the present invention will be described
by way of example with reference to the accompanying draw-
ings, in which

[0031] FIG. 1 is a block diagram showing a schematic

configuration of an electric power tool according to a first
embodiment;

[0032] FIG. 2 is a circuit diagram showing an electrical
configuration of a battery unit according to the first embodi-
ment;

[0033] FIG. 3 is a flowchart of a cell block switching pro-
cess;

[0034] FIG. 4 is a flowchart of a self-check process;
[0035] FIG. 5 is a block diagram showing a schematic

configuration of a charging system according to a second
embodiment;

[0036] FIG. 6 is a circuit diagram showing an electrical
configuration of a battery unit according to the second
embodiment; and

[0037] FIGS. 7A and 7B are circuit diagrams showing
variations of the cell block.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038] It should be noted that the present invention is not
limited to particular means or structures shown in the follow-
ing exemplified embodiments, and may take various forms
without departing from the scope of the present invention. For
instance, part of the configuration of the embodiments
described below may be replaced with a known configuration
having a similar function, may be added to or substituted for
the configuration of other embodiments, or may be omitted.
Further, a plurality of the embodiments described below may
be combined appropriately.

First Embodiment

(1) Configuration of an Electric Power Tool

[0039] AsshowninFIG. 1, an electric power tool of the first
embodiment includes a battery unit 1 and atool body 100. The
battery unit 1 is detachably attached to the tool body 100.
When the battery unit 1 is attached to the tool body 100, the
two components are physically and electrically connected to
each other. FIG. 1 shows a state in which the two are con-
nected.

[0040] The battery unit 1 includes a plurality (N) of cell
assemblies 10, 20, . . ., 30, a microcomputer 2, a positive
electrode connection terminal 91, a negative electrode con-
nection terminal 92, a first communication terminal 93, and a
second communication terminal 94. The plurality of cell
assemblies 10, 20, . . ., 30 have the same configuration, and
respectively include cell blocks 11, 21, 31.

[0041] That is, the first cell assembly 10 includes the cell
block 11. The cell block 11 is constituted by a plurality of
secondary battery cells 16 connected in series. The secondary
battery cell according to the first embodiment is a lithium ion
secondary battery, but this is merely an example. The second-
ary battery cell may be other types of secondary battery cells.
A positive electrode of the cell block 11 is connected to the
positive electrode connection terminal 91 via a hardware
interlock circuit A. A negative electrode of the cell block 11 is
connected to the negative electrode connection terminal 92.

[0042] The other cell assemblies (second cell assembly 20,
..., N-th cell assembly 30) also have the same configuration
as the first cell assembly 10. That is, the second cell assembly
20 includes the cell block 21 constituted by a plurality of
secondary battery cells 26 connected in series. A positive
electrode of the cell block 21 is connected to the positive
electrode connection terminal 91 via the hardware interlock
circuit A. A negative electrode of the cell block 21 is con-
nected to the negative electrode connection terminal 92. Fur-
ther, the N-th cell assembly 30 also includes the cell block 31
constituted by a plurality of secondary battery cells 36 con-
nected in series. A positive electrode of the cell block 31 is
connected to the positive electrode connection terminal 91 via
the hardware interlock circuit A. A negative electrode of the
cell block 31 is connected to the negative electrode connec-
tion terminal 92.

[0043] That is, the cell assemblies 10, 20, . . ., 30 are
connected in parallel via the hardware interlock circuit A. The
hardware interlock circuit A is a circuit for suppressing the
plurality of cell assemblies from being directly connected in
parallel at the same time. Detailed configuration and opera-
tion of the hardware interlock circuit A will be described later.
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[0044] Voltages of the cell blocks 11, 21, . . ., 31 (herein-
after, also referred to as “cell block voltages™) have the same
values in specs. However, in the first embodiment, the plural-
ity of cell assemblies are controlled so as not to be directly
connected in parallel at the same time, as described below.
That is, both during charge and discharge, only one of the cell
assemblies is permitted to be charged or discharged, and the
cell assembly permitted to be charged or discharged is
sequentially switched. Therefore, the cell block voltages may
vary in practice.

[0045] The cell blocks 11,21, . . ., 31 can be charged with
a charger 120 (see FIG. 5; details thereof will be described
later). Further, in the following description, the term “voltage
of the cell assembly” means the voltage of the cell block
included in the cell assembly, and the term “positive electrode
of the cell assembly” means a positive electrode of the cell
block included in the cell assembly.

[0046] The microcomputer 2 is provided with an /O and a
timer, both not shown, in addition to a CPU 3 and a memory
3b. When the battery unit 1 is attached to the tool body 100 or
the charger 120 (FIG. 5) described later, the positive electrode
connection terminal 91 is connected to a positive electrode
connection terminal of a target to which the battery unit 1
attached. FIG. 1 shows a state in which the positive electrode
connection terminal 91 of the battery unit 1 is connected to a
positive electrode connection terminal 101 of the tool body
100.

[0047] When the battery unit 1 is attached to the tool body
100 or the charger 120 (FIG. 5) described later, the negative
electrode connection terminal 92 is connected to a negative
electrode connection terminal of the target to which the bat-
tery unit 1 attached, FIG. 1 shows a state in which the negative
electrode connection terminal 92 of the battery unit 1 is con-
nected to a negative electrode connection terminal 102 of the
tool body 100.

[0048] The first communication terminal 93 is connected to
a communication terminal 103 of the tool body 100 when the
battery unit 1 is attached to the tool body 100. The first
communication terminal 93 of the battery unit 1 is connected
to the microcomputer 2. The microcomputer 2 is capable of
various data communication with a microcomputer 111 of the
tool body 100 via the first communication terminal 93 and the
communication terminal 103 of the tool body 100.

[0049] The second communication terminal 94 is con-
nected to a communication terminal 124 of the charger 120
when the battery unit 1 is attached to the charger 120 (see F1G.
5). The second communication terminal 94 of the battery unit
1 is connected to the microcomputer 2. The microcomputer 2
is capable of various data communication with a microcom-
puter 131 of the charger 120 via the second communication
terminal 94 and the communication terminal 124 of the
charger 120.

[0050] In addition, the battery unit 1 is provided with a
regulator 200 that generates a constant voltage Vce having a
predetermined voltage value (5 'V, for example). The regulator
200 generates the constant voltage Vcc from the voltage input
via a not shown diode from each of the cell assemblies 10, 20,
...»30. That is, the diode is individually provided for each of
the cell assemblies 10, 20, . . ., 30, and an anode of each diode
is connected to a positive electrode of the corresponding cell
assembly 10, 20, . . ., 30. A cathode of each diode is com-
monly connected to a not shown input terminal of the regu-
lator 200. Each circuit, such as the microcomputer 2 and a
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self-diagnosis voltage supply circuit 3 (see FI1G. 2) described
later, in the battery unit 1 operates with the constant voltage
Vce as a power source.

[0051] As shown in FIG. 1, the tool body 100 includes the
microcomputer 111, a motor 112, a drive circuit 113, a trigger
switch 114, the positive electrode connection terminal 101,
the negative electrode connection terminal 102, and the com-
munication terminal 103.

[0052] The positive electrode connection terminal 101 is
connected to one end of the motor 112 via the trigger switch
114. The negative electrode connection terminal 102 is con-
nected to the other end of the motor 112 via the drive circuit
113. The motor 112 in the first embodiment is a brushed direct
current motor, but may be a brushless direct current motor.
[0053] Thetrigger switch 114 is turned on and off by a user
manipulating a not shown trigger provided to the tool body
100. That is, the trigger switch 114 is turned on when the user
pulls the trigger, and is turned off when the user releases the
trigger. On and off information of the trigger switch 114 is
input to the microcomputer 111.

[0054] The microcomputer 111 includes a CPU and a
memory, both not shown. The CPU executes various pro-
grams stored in the memory to implement various functions.
When the trigger switch 114 is turned on, the microcomputer
111 turns on a drive switch of the drive circuit 113, thereby to
start power supply to the motor 112 from the battery unit 1 to
operate the motor 112. When the trigger switch 114 is turned
off, the microcomputer 111 turns off the drive switch of the
drive circuit 113, thereby to stop the power supply to the
motor 112 from the battery unit 1.

[0055] If an abnormality signal is input via the communi-
cation terminal 103 from the battery unit 1 while the power is
supplied to the motor 112 from the battery unit 1, the micro-
computer 111 forcibly stops the power supply to the motor
112.

[0056] Inaddition, although not shown, thetool body 100 is
provided with a regulator that generates a constant voltage
having a predetermined voltage value. The regulator gener-
ates the constant voltage by lowering the voltage supplied
from the battery unit 1 when the battery unit 1 is attached to
the tool body 100. The microcomputer 111 of the tool body
100 operates with the constant voltage as a power source.

(2) Configuration of the Battery Unit 1

[0057] More detailed configuration of the battery unit 1 will
be described with reference to FIG. 2. As shown in FIG. 2, the
battery unit 1 includes a plurality (N) of switch circuits 40, 50,
..., 60 which are provided separately for the cell assemblies
10, 20, . . ., 30, the self-diagnostic voltage supply circuit 3,
and a NOR circuit 5. The plurality (N) of switch circuits 40,
50, ..., 60 constitute the hardware interlock circuit A shown
in FIG. 1.

[0058] The first cell assembly 10 is provided with a cell
monitoring circuit 12 for monitoring the cell block 11 in the
first cell assembly 10. The cell monitoring circuit 12 is an
integrated circuit (IC) for monitoring the cell block 11. The
cell monitoring circuit 12 has a function of detecting the
voltage of the cell block 11 and the voltage of each ofthe cells
16 (cell voltage) and outputting the detection result to the
microcomputer 2 from a data terminal. Further, the cell moni-
toring circuit 12 also has a function of outputting a cell error
signal (signal with a logic level “High (H)”) to the NOR
circuit 5 from an error terminal when abnormality, such as an
overvoltage of even one of the cell voltages, occurs in the cell
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block 11 while monitoring the cell voltage of each of the cells
16. Note that, the logic level of the output of the error terminal
is “Low (L.)” when the error has not occurred in the cell block
11.

[0059] Each of the other cell assemblies 20, . .., 30 is also
provided with a cell monitoring circuit with the same con-
figuration and function as that of the first cell assembly 10. In
other words, the second cell assembly 20 is provided with a
cell monitoring circuit 22 for monitoring the cell block 21,
and the N-th cell assembly 30 is provided with a cell moni-
toring circuit 32 for monitoring the cell block 31.

[0060] The first switch circuit 40, out of the plurality of
switch circuits 40, 50, . . ., 60, is provided for the first cell
assembly 10. That is, the first switch circuit 40 is provided
between a positive electrode of the first cell assembly 10 and
the positive electrode connection terminal 91.

[0061] The first switch circuit 40 includes a high-side
switch 41, a low side switch 42, a self-diagnostic switch 43,
an AND circuit 44, two inverters 45, 46, and a diode D1.
[0062] One end of the high-side switch 41 is connected to
the positive electrode connection terminal 91, and the other
end of the high-side switch 41 is connected to one end of the
low-side switch 42 and one end of the self-diagnosis switch
43.The other end of the low-side switch 42 is connected to the
positive electrode of the first cell assembly 10 (positive elec-
trode of'the cell block 11). That is, the cell block 11 of the first
cell assembly 10 is connected to the positive electrode con-
nection terminal 91 via the low side switch 42 and the high-
side switch 41 connected in series. Hereinafter, the high-side
switch 41 and the low-side switch 42 are also referred to as a
“switch section” collectively.

[0063] The switch section is turned on and oft by the output
signal from the AND circuit 44. Specifically, the switch sec-
tion is turned off, when the logic level of the output signal
from the AND circuit 44 is “L”. The switch section is turned
on when the logic level of the output signal from the AND
circuit 44 is “H”.

[0064] The inverter 45 is an input enabling inverter. The
inverter 45 inverts the logic of a first charge-discharge enable
signal input from the microcomputer 2 and outputs the
inverted signal to an inverting input terminal of the AND
circuit 44. The inverter 46 is a self-diagnosis inverter. The
inverter 46 inverts the logic of the output signal from the AND
circuit 44 and outputs the inverted signal to the self-diagnosis
switch 43.

[0065] One end of the self-diagnosis switch 43 is connected
to a connection point between the high side switch 41 and the
low-side switch 42. The other end of the self-diagnosis switch
43 is connected to a self-diagnostic error signal input terminal
of the microcomputer 2 and the NOR circuit 5 via the diode
D1 The self-diagnosis switch 43 is turned off when the logic
level of the output signal from the AND circuit 44 is “H”, and
is turned on when the logic level of the output signal from the
AND circuit 44 is “L”.

[0066] Thetwo switches 41, 42 forming the switch section,
and the self-diagnosis switch 43 are in fact semiconductor
switches, more specifically, MOSFETs in the first embodi-
ment.

[0067] The high-side switch 41 and the low-side switch 42
constituting the switch section are, in fact, both P-channel
MOSFETs. Two drains of these two MOSFETSs are connected
with each other, and are also connected to the self-diagnosis
switch 43. A circuit for inverting the logic of the output signal
from the AND circuit 44 is connected to each gate of these two
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MOSFETs. These two MOSFETs are turned off when the
logic level of the output signal from the AND circuit 44 is “L.”,
and are turned on when the logic level of the output signal
from the AND circuit 44 is “H”.

[0068] The individual charge-discharge enable signal for
each of the switch circuits 40, 50, . . ., 60 output from the
microcomputer 2, and an output signal of the NOR circuit 5,
are input to the AND circuit 44. All the charge-discharge
enable signals are input to the inverting input terminal of the
AND circuit 44. Also, the #1 charge-discharge enable signal
corresponding to the first switch circuit 40 (corresponding to
the first cell assembly 10), out of all the charge-discharge
enable signals, is logically inverted by the input enabling
inverter 45 and is input to the inverting input terminal of the
AND circuit 44.

[0069] The AND circuit 44 further logically inverts the
inverted logic signal of the #1 charge-discharge enable signal
input through the input enabling inverter 45, and also logi-
cally inverts each of the charge-discharge enable signals other
than the #1 charge-discharge enable signal (#2 charge-dis-
charge enable signal, . . ., #n charge-discharge enable signal).
The AND circuit 44 finally outputs a signal indicating a
logical product of each of the logically inverted input signals
and the output signal from the NOR circuit 5.

[0070] The second switch circuit 50 is provided for the
second cell assembly 20. That is, the second switch circuit 50
is provided between a positive electrode of the second cell
assembly 20 and the positive electrode connection terminal
91.

[0071] The second switch circuit 50 has the same configu-
ration as the first switch circuit 40 except a part (connection
position of an input enabling inverter 55). That is, the second
switch circuit 50 includes a high-side switch 51, a low side
switch 52, a self-diagnostic switch 53, an AND circuit 54, two
inverters 55, 56, and a diode D2.

[0072] Focusing on the difference from the first switch
circuit 40, in the second switch circuit 50, the #1 charge-
discharge enable signal corresponding to the first cell assem-
bly 10, out of all the charge-discharge enable signals from the
microcomputer 2, is directly input to an inverting input ter-
minal of the AND circuit 54 without passing through the
inverter.

[0073] In the second switch circuit 50, the #2 charge-dis-
charge enable signal corresponding to the second switch cir-
cuit 50 (corresponding to the second cell assembly 20) is
input to the input enabling inverter 55. The #2 charge-dis-
charge enable signal is logically inverted by the input
enabling inverter 55, and is input to the inverting input termi-
nal of the AND circuit 54.

[0074] The AND circuit 54 further logically inverts the
logically inverted signal of the #2 charge-discharge enable
signal input through the input enabling inverter 55, and also
logically inverts each of the charge-discharge enable signals
other than the #2 charge-discharge enable signal. The AND
circuit 54 finally outputs a signal indicating a logical product
of'each of the logically inverted input signals and the output
signal from the NOR circuit 5.

[0075] The N-th switch circuit 60 also has the same con-
figuration as the first switch circuit 40 except a part (connec-
tion position of an input enabling inverter 65). That is, the
N-th switch circuit 60 includes a high-side switch 61, a low
side switch 62, a self-diagnostic switch 63, an AND circuit
64, two inverters 65, 66, and a diode D3.



US 2014/0377594 Al

[0076] Focusing on the difference from the first switch
circuit 40, in the N-th switch circuit 60, each of the charge-
discharge enable signals from the microcomputer 2, other
than the N-th charge-discharge enable signal, is directly input
to an inverting input terminal of the AND circuit 64 without
passing through the inverter.

[0077] In the N-th switch circuit 60, the #n charge-dis-
charge enable signal corresponding to the N-th switch circuit
60 (corresponding to the N-th cell assembly 30) is input to the
input enabling inverter 65. The #n charge-discharge enable
signal is logically inverted by the input enabling inverter 65,
and is input to the inverting input terminal of the AND circuit
64.

[0078] The AND circuit 64 further logically inverts the
logically inverted signal of the #n charge-discharge enable
signal input through the input enabling inverter 65, and also
logically inverts each of the charge-discharge enable signals
other than the #n charge-discharge enable signal. The AND
circuit 64 finally outputs a signal indicating a logical product
of each of the logically inverted input signals and the output
signal from the NOR circuit 5.

[0079] The self-diagnosis voltage supply circuit 3 includes
a resistor RO, a diode D0, and a constant voltage supply
switch 4. One end of the resistor RO is connected to the
positive electrode connection terminal 91, and the other end is
connected to a cathode of the diode D0. An anode of the diode
DO is connected to one end of the constant voltage supply
switch 4. The constant voltage Vcc from the regulator 200 is
applied to the other end of the constant voltage supply switch
4.

[0080] The constant voltage supply switch 4 is turned on
and off by a self-check signal from the microcomputer 2. That
is, while the logic level of the self-check signal to the constant
voltage supply switch 4 from the microcomputer 2 is “L”, the
constant voltage supply switch 4 is turned off. While the logic
level of the self-check signal is “H”, the constant voltage
supply switch 4 is turned on. When the constant voltage
supply switch 4 is turned on, the constant voltage Vcc is
supplied to each of the switch circuits 40, 50, . . ., 60.
[0081] The microcomputer 2 selectively sets the logic level
of one of the charge-discharge enable signals to the switch
circuits 40, 50, . . ., 60 to “H” to turn on the switch section of
the switch circuit corresponding to the selected charge-dis-
charge enable signal and connects the positive electrode of
the corresponding cell assembly to the positive electrode
connection terminal 91. That is, the microcomputer 2 controls
the switch circuits 40, 50, 60 so as not to turn on the switch
sections of the plurality of different switch circuits at the same
time (to suppress the plurality of cell assemblies from being
connected in parallel with each other directly or simulta-
neously) to cause the voltage of one of the cell assemblies to
be applied and output to the positive electrode connection
terminal 91.

[0082] For example, in order to permit charge and dis-
charge of the cell block 11 to the first cell assembly 10, it is
assumed that the microcomputer 2 sets the logic level of the
#1 charge-discharge enable signal to “H” and the logic level
of all the other charge-discharge enable signals to “L”. In this
case, in the first switch circuit 40, the logic level of the #1
charge-discharge enable signal is inverted to “L” in the input
enabling inverter 45. The logically inverted #1 charge-dis-
charge enable signal is input to the inverting input terminal of
the AND circuit 44, and is further logically inverted at the
input side in the AND circuit 44. Each of the other charge-
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discharge enable signals is directly input to the inverting input
terminal of'the AND circuit 44 (i.e., the logic level remains at
“L”) and is logically inverted at the input side in the AND
circuit 44.

[0083] The output signal from the NOR circuit 5 is also
input to the AND circuit 44. If the battery unit 1 is normal, the
logic level of each input signal to the NOR circuit 5is “L.”, and
thus the logic level of the output signal from the NOR circuit
5 is “H”. In other words, the signal with the logic level “H” is
usually (as long as there is no abnormality) input to the AND
circuit 44 from the NOR circuit 5.

[0084] Therefore, the logic level of the output signal from
the AND circuit 44 is “H”. The switch section (high side
switch 41 and low-side switch 42) is turned on, and the
self-diagnosis switch 43 is turned off. Thereby, the cell block
voltage of the first cell assembly 10 is applied to the positive
electrode connection terminal 91 via the switch section, and
thus the cell block voltage can be supplied to the outside as the
voltage of the battery unit 1 (battery voltage).

[0085] Meanwhile, the switch section of each of the switch
circuits 50, . . ., 60 other than the first switch circuit 40 is
turned off, and all the corresponding cell assemblies 20, . . .,
30 are isolated from the positive electrode connection termi-
nal 91.

[0086] For example, in the second switch circuit 50, the #1
charge-discharge enable signal with the logic level “H” is
input to the inverting input terminal of the AND circuit 54,
and the logic level is inverted to “L” at the input side in the
AND circuit 54. Further, since the logic level of the #2 charge-
discharge enable signal corresponding to the second switch
circuit 50 is “L”, the logic level is inverted to “H” in the input
enabling inverter 55. The logically inverted #2 charge-dis-
charge enable signal is input to the inverting input terminal of
the AND circuit 54, and the logic level is inverted to “L.”” again
at the input side in the AND circuit 54. Therefore, the logic
level of the output of the AND circuit 54 turns to “L”, and thus
the switch section (high-side switch 51 and low-side switch
52) is turned off.

[0087] Both during charge and discharge, the microcom-
puter 2 sequentially turns on the switch section of each of the
switch circuits 40, 50, . . ., 60 from the first switch circuit 40.
Thereby, the microcomputer 2 permits each of the cell assem-
blies 10, 20, . . ., 30 to be charged or discharged (connects
each of the cell assemblies 10, 20, . . . , 30 to the positive
electrode connection terminal 91) one by one.

[0088] For example, during discharge, the microcomputer
2 first sets the logic level of the #1 charge-discharge enable
signal to “H” to turn on the switch section of the first switch
circuit 40, thereby to permit discharge of the first cell assem-
bly 10. When a switching condition to switch the cell assem-
bly permitted to be discharged is satisfied (for example, a
discharge completion state is achieved due to decrease in cell
block voltage), the logic level of the #1 charge-discharge
enable signal is set to “L.”’ to stop the discharge from the first
cell assembly 10. Then, the logic level of the #2 charge-
discharge enable signal is set to “H” to turn on the switch
section of the second switch circuit 50, thereby to permit
discharge from the second cell assembly 20. In this way, the
microcomputer 2 sequentially switches the cell assembly to
be discharged.

[0089] Further, for example, during charge by the charger
120 (see FIG. 5), the microcomputer 2 first sets the logic level
of'the #1 charge-discharge enable signal to “H” to turn on the
switch section of the first switch circuit 40, thereby permitting
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charge to the first cell assembly 10. When a switching condi-
tion to switch the cell assembly permitted to be charged is
satisfied (for example, the cell block voltage turns to a fully
charged state, thereby a charge complete state being
achieved), the logic level of the #1 charge-discharge enable
signal is set to “L.” to stop the charge to the first cell assembly
10. Then, the logic level of the #2 charge-discharge enable
signal is set to “H” to turn on the switch section of the second
switch circuit 50, thereby permitting charge to the second cell
assembly 20. In this way, even during charge, the microcom-
puter 2 sequentially switches the cell assembly to be charged.
[0090] In addition, at a predetermined timing when the
logic level of all the charge-discharge enable signals is “L.”,
the microcomputer 2 performs self-diagnosis on whether or
not the switch section of each of the switch circuits 40, 50, 60
has a short-circuit fault.

[0091] Specifically, at a timing, for example, of switching
the cell assembly permitted to be charged or discharged
(when the logic level of all the charge-discharge enable sig-
nals is turned to “L.”, in the process of switching), the micro-
computer 2 sets the logic level of the self-check signal to the
constant voltage supply switch 4 of the self-diagnosis voltage
supply circuit 3 to “H” to turn on the constant voltage supply
switch 4 for a predetermined time period. Then, on the basis
of the signal input to the self-diagnostic error signal input
terminal from each of'the switch circuits 40, 50, 60 during the
on-period, the microcomputer 2 determines (performs self-
diagnosis on) the presence or absence of a short-circuit fault
in each switch section.

[0092] Ifall the switch sections are normal, when the logic
level of all the charge-discharge enable signals is “L.”, the
logic level of the output signal of all the AND circuits 44, 54,
..., 64 turns to “L” and all the switch sections are turned off.
Therefore, although all the self-diagnosis switches 43, 53, . .
., 63 are turned on, the logic level of the signal input to the
self-diagnostic error signal input terminal of the microcom-
puter 2 from the diodes D1, D2, . . ., D3 of all the switch
circuits 40, 50, . . ., 60 turns to “L”. In this case, the micro-
computer 2 acknowledges that all the switch sections are
normal.

[0093] On the other hand, if a short-circuit fault occurs in
one of the switch sections, a signal having a logic level “H”
(self-diagnostic error signal) is input to the self-diagnostic
error signal input terminal of the microcomputer 2. That is,
for example, when the high-side switch 41 of the two switches
41, 42 that make up the switch section of the first switch
circuit 40 has a short-circuit fault, the constant voltage Ve
from the self-diagnosis voltage supply circuit 3 is input to the
microcomputer 2 as a self-diagnostic error signal having a
logic level “H” through the high-side switch 41 having a
short-circuit fault, the self-diagnostic switch 43, and the
diode D1.

[0094] Also, for example, when the low-side switch 42 has
a short-circuit fault in the first switch circuit 40, the cell block
voltage of the first cell assembly 10 is input to the microcom-
puter 2 as a self-diagnostic error signal having a logic level
“H” through the low-side switch 42 having a short-circuit
fault, the self-diagnosis switch 43, and the diode D1.

[0095] The microcomputer 2 determines that one of the
switch sections has a short-circuit fault when the self-diag-
nostic error signal is input. In addition, the self-diagnostic
error signal from the switch circuits 40, 50, . . . , 60 is input
also to the NOR circuit 5 as well as to the microcomputer 2.
Therefore, when the self-diagnostic error signal having a
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logic level “H” is output from one of the switch circuits, the
logic level of the output signal of the NOR circuit 5 turns to
“L”. The output signal having a logic level “L”” from the NOR
circuit 5 is input to the error signal input terminal of the
microcomputer 2 as an error signal. The microcomputer 2 can
detect abnormality also by the error signal.

[0096] In the NOR circuit 5, in case that all the switch
sections and all the cell assemblies 10, 20, . . ., 30 are normal,
the logic level of all the input signals turns to “L.”. Thus, the
logic level of the output signal turns to “H”. The output signal
having a logic level “H” is input to the error signal input
terminal of the microcomputer 2 and also to the AND circuits
44,54, . . ., 64. The microcomputer 2 acknowledges that the
battery unit 1 is normal by the output signal having a logic
level “H”.

[0097] Ontheotherhand, in case that abnormality occurs in
one ofthe cell assemblies and a cell error signal having alogic
level “H” is input to the NOR circuit 5 from the cell monitor-
ing circuit, or a short-circuit fault occurs in one of the switch
sections and a self-diagnostic error signal having a logic level
“H” is input to the NOR circuit 5 from the corresponding
switch circuit at the time of self-diagnosis, the logic level of
the output of the NOR circuit 5 turns to “L”.

[0098] The output signal having a logic level “L” is input to
the error signal input terminal of the microcomputer 2 as an
error signal. Thereby, the microcomputer 2 acknowledges
that abnormality of one of the cell assemblies or a short-
circuit fault of one of the switch sections has occurred.
[0099] Additionally, when an error signal having a logic
level “L” is output from the NOR circuit 5, the error signal is
also input to each of the AND circuits 44, 54, . . ., 64 of the
switch circuits 40,50, . . ., 60. Therefore, the logic level of the
output signal of each of the AND circuits 44, 54, . . ., 64 is
forcibly set to “L”. Thereby, all the switch sections are forc-
ibly turned off.

[0100] As described above, the microcomputer 2 outputs a
charge-discharge enable signal to one of the switch circuits to
turn on the switch section of the switch circuit, and permits
charge or discharge of only the cell assembly corresponding
to the switch circuit, so that the plurality of cell assemblies are
not to be connected in parallel at the same time.

[0101] However, for some reason, such as due to abnormal-
ity in the microcomputer 2, there is a risk of the logic level of
the plurality of charge-discharge enable signals from the
microcomputer 2 becoming “H”. In contrast, the battery unit
1 of the first embodiment is provided with an interlock func-
tion, in order to suppress the plurality of switch sections from
being turned on simultaneously even though the logic level of
the plurality of charge-discharge enable signals from the
microcomputer 2 turns to “H” due to some abnormality. Spe-
cifically, in the first embodiment, when the logic level of the
plurality of charge-discharge enable signals is turned to “H”,
charge to or discharge from all the cell assemblies are pro-
hibited. The interlock function is implemented by a hardware
interlock circuit A constituted by the switch circuits 40, 50, .
.., 60 and so on.

[0102] In other words, for example, it is assumed that the
microcomputer 2 sets the logic level of the #1 charge-dis-
charge enable signal to “H” to permit charge to or discharge
from the first cell assembly 10. At this time, the logic level of
the output of only the AND circuit 44 of the first switch 40
turns to “H”, and the logic level of the output of each of the
AND circuits 54, . . ., 64 of all the other switches 50, . . ., 60
turns to “L”. Therefore, only the switch section (high side
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switch 41 and low-side switch 42) of the first switch is turned
on. It is possible to charge or discharge only the first cell
assembly 10.

[0103] From this state, for example, it is assumed that
abnormality occurs in the microcomputer 2, and not only the
logic level of the #1 charge-discharge enable signal but also
the logic level of the #2 charge-discharge enable signal have
turned to “H”. At this time, since the #2 charge-discharge
enable signal having a logic level “H” is input to the AND
circuit 44 of the first switch circuit 40, the logic level of the
output signal of the AND circuit 44 is forcibly turned to “L”
by the #2 charge-discharge enable signal, regardless of the
logic level of the #1 charge-discharge enable signal. There-
fore, both the high-side switch 41 and the low-side switch 42
of the first switch circuit 40 are forcibly turned off.

[0104] The logic level of the output signal of all the AND
circuits 54, . . . , 64 of the switch circuits 50, . . . , 60 other than
the first switch circuit 40 has turned to “L.” since the logic
level of the #1 charge-discharge enable signal has already
turned to “H”. Therefore, even if the logic level of the #2
charge-discharge enable signal turns to “H”, the logic level of
the output signal remains at “L”. Thus, all the switch sections
of the other switch circuits 50, . . . , 60 remain turned off.

[0105] Asabove, since the battery unit 1 of the first embodi-
ment is provided with an interlock function, even if a charge-
discharge enable signal is erroneously output from the micro-
computer 2 (i.e., in case that the microcomputer 2 incorrectly
permits simultaneous charge or discharge of the two or more
cell blocks), all the switch sections are turned off, and charge
or discharge of all the cell blocks are disabled.

[0106] In addition to the sequential switching of the cell
assemblies permitted to be discharged or the self-diagnosis
function described above, the microcomputer 2 has a function
to acquire a state (such as the cell block voltage or the voltage
of'each cell) of each of the cell assemblies 10,20, . .., 30 from
each of the cell monitoring circuits 12,22, . .., 32 and monitor
the status thereof, a function to perform predetermined pro-
tective operation when an error signal is input from the NOR
circuit 5 or a self-diagnostic error signal is input from one of
the switch circuits, a function to make various types of data
communication with the tool body 100, a function to make
various data communication with the microcomputer 131
(see FIG. 5) of the charger 120 via the second communication
terminal 94 when the charger 120 is attached, and so on. The
protective operation includes a function to set the logic level
of all the charge-discharge enable signals to “.”, a function to
output an abnormality signal from the first communication
terminal 93 and the second communication terminal 94, and
the like. Primarily, the various functions including the above
described functions provided in the microcomputer 2 are
implemented by the CPU 3a executing various programs
stored in the memory 34.

[0107] It is not essential to implement the function of the
microcomputer 2 by a microcomputer. The function of the
microcomputer 2 can be implemented in various forms, such
as by an IC including various types of logic circuits or the like.
For example, the function of the microcomputer 2 may be
implemented by combining various individual electronic
components, or may be implemented by an ASIC (Applica-
tion Specified Integrated. Circuit), or may be implemented by
a programmable logic device such as, for example, FPGA
(Field Programmable Gate Array), or may be implemented by
a combination of these. The same applies to the microcom-
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puter 111 of the tool body 100 and the microcomputer 131 of
the charger 120 to be described later.

(3) Description of Cell Block Switching Process

[0108] Out of the various processes executed by the micro-
computer 2 of the battery unit 1, the cell block switching
process for controlling switching of the cell assembly permit-
ted to be discharged, including a self-diagnosis function, will
be described with reference to FIG. 3. Note that the cell block
switching process also includes a process for the self-diag-
nosis function (self-check process).

[0109] In the microcomputer 2 of the battery unit 1, the
CPU 34, when starting to operate, loads a program of the cell
block switching process of FIG. 3 from the memory 354, and
repeatedly executes the cell block switching process on a
regular basis. The CPU 3a, when starting the cell block
switching process of FIG. 3, sets “1” to a cell block specified
variable “n” in S110. In S120, the CPU 3a executes the
self-cheek process. Details of the self-check process are as
shown in FIG. 4.

[0110] In other words, in S121, all the charge-discharge
enable signals are turned off (i.e., the logic level is set to ). In
S122, a self-check signal is output to the constant voltage
supply switch 4 of the self-diagnostic voltage supply circuit 3,
thereby turning on the constant voltage supply switch 4. In
S123, it is determined whether or not there is some sort of
error input. Specifically, it is determined whether or not at
least one of the error signal from the NOR circuit 5 (a signal
having a logic level “L”) and the self-diagnostic error signal
from each of the switch circuits 40, 50, . . ., 60 (a signal having
a logic level “H”) is input.

[0111] Ifthereis no error input, the output of the self-check
signal is stopped in S124. In S125, normal determination
(determination in which the self check (self-diagnosis) result
is normal) is made. The process proceeds to subsequent S130.
If there is an error input in S123, the output of the self-check
signal is stopped in S126. In S127, abnormality determination
(determination in which the self check (self-diagnosis) result
is abnormal) is made. The process proceeds to subsequent
S130.

[0112] Referring back to FIG. 3, it is determined in S130
whether or not the self-check result of the self-check process
in S120 is normal. Ifthe self-check result is abnormal, charge
or discharge of all the cell blocks are prohibited in S200. The
cell block switching process is ended. That is, in S200, all the
charge-discharge enable signals are turned off (the logic level
is set to “L”).

[0113] Ifthe self-check result is normal in S130, it is deter-
mined in S140 whether there is any error input. The determi-
nation process of S140 is the same as that of S123 in FIG. 4.
The process proceeds to S200 if there is any error input. The
process proceeds to S150 if there is no error input.

[0114] In S150, the #n charge-discharge enable signal is
turned on (the logic level is set to “H”). For example, in the
case of n=1, the #1 charge-discharge enable signal corre-
sponding to the first cell assembly 10 is turned on. Thereby,
the cell block of the first cell assembly 10 can be charged or
discharged.

[0115] In S160, it is determined whether or not the switch-
ing condition of the cell block permitted to be charged or
discharged is satisfied. That is, it is determined whether or not
the voltage of the n-th cell assembly is in a fully charged state
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during charge, or whether or not the voltage of the n-th cell
assembly is in a discharge finished state other than during
charge.

[0116] If the switching condition of the cell block is not
satisfied, the process returns to S140. If the switching condi-
tion of the cell block is satisfied, the #n charge-discharge
enable signal is turned off (the logic level is set to “L”) in
S170, thereby prohibiting charge or discharge of the cell
block in the n-th cell assembly. At this point, charge or dis-
charge of the cell blocks of all the cell assemblies are once
prohibited.

[0117] In S180, it is determined whether the cell block
specified variable “n” matches the total number “N” of the
cell assemblies. If the cell block specified variable “n” does
not match the total number “N” of the cell assemblies, the cell
block specified variable “n” is incremented by one in S190,
and the process returns to S120. In S180, if the cell block
specified variable “n” matches the total number “N” of the
cell assemblies, the cell block switching process is ended.

(4) Effects, Etc. of the First Embodiment

[0118] As described above, in the battery unit 1 of the first
embodiment, only the switch section (high-side switch and
low-side switch) of one of the switch circuits is selectively
turned on by the charge-discharge enable signal from the
microcomputer 2. Thus, only one cell assembly of which
switch section is turned on becomes chargeable or discharge-
able.

[0119] With the basic configuration as such, a hardware
interlock function is further provided. If the plurality of
charge-discharge enable signals to the switch circuits are
turned on at the same time due to abnormality of the micro-
computer 2, all the charge-discharge enable signals are
assumed invalid and charge and discharge of all the cell
blocks are prohibited. That is, due to the hardware interlock
function, a plurality of switch sections are configured not to
be turned on at the same time (in other words, a plurality of
assemblies are configured not to be connected in parallel).
Therefore, improvement in reliability of the battery unit 1 is
achieved against abnormality of the charge-discharge enable
signal (i.e., abnormality in which a plurality of charge-dis-
charge enable signals are simultaneously turned on) due to
abnormality of the microcomputer 2.

[0120] Therefore, according to the battery unit 1 of the first
embodiment, it is possible to suppress a loss of power from
each cell assembly as compared with the method of suppress-
ing a sneak current between the cell assemblies by connecting
the diode to a charge-discharge path as in the prior art. While
suppressing the loss of power from each of the cell assem-
blies, it is possible to suppress the sneak current between the
cell assemblies (and unintentional charge by the sneak cur-
rent).

[0121] Also, because the sneak current between the cell
assemblies is suppressed using the switch section (high-side
switch and low-side switch) having a smaller voltage drop
(on-resistance) than the diode, reduction of heat generation,
suppression of reduction of the power supplied to the load,
and miniaturization of the whole unit are also possible, as
compared with the conventional circuit configuration using a
diode.

[0122] Further, each of the switch sections of the switch
circuits 40, 50, . . ., 60 includes two switches (high-side
switch and low-side switch) connected in series. Therefore,
even if one of the two switches has a short-circuit fault, the
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sneak current from the other cell assemblies can be sup-
pressed as long as the other switch is normal. That is, it is
possible to more effectively suppress the sneak current (unin-
tentional charge) between the cell assemblies.

[0123] Inparticular, inthe first embodiment, a semiconduc-
tor switch (MOSFET) is used for the high-side switch and the
low-side switch. The MOSFET includes a parasitic diode
between the source and the drain thereof. Therefore, if the
switch section is configured with only one MOSFET, there is
a possibility that a sneak current is generated through the
parasitic diode, although the MOSFET is turned off. In con-
trast, in the first embodiment, two MOSFETSs are connected in
series with a common drain, and the parasitic diodes of the
two MOSFETs are connected in series in opposite directions.
Therefore, while the two MOSFETs are turned off, currents in
both directions are blocked in the switch section. In other
words, it is possible to suppress the influence of the parasitic
diodes by configuring the switch section by connecting two
MOSFETs in series.

[0124] Further, by respectively providing the self-diagno-
sis switches 43, 53, . . ., 63 in the switch circuits 40, 50, . . .
, and 60, it is possible to detect a short-circuit fault of the
switch section (i.e., short-circuit fault of at least one of the
high-side switch and the low-side switch), based on the elec-
trical state of its output terminal.

[0125] Specifically, a short-circuit fault of the low-side
switch is detectable by an output of the voltage of the cell
block connected to the low-side switch from the self-diagnos-
tic switch to the microcomputer 2 via the diode as a self-
diagnostic error signal having a logic level “H”. On the other
hand, a short-circuit fault of the high-side switch can be
detected by applying the constant voltage Vce from the self-
diagnosis voltage supply circuit 3.

[0126] Inaddition, the cell assemblies 10, 20, . .., 30 have
the cell monitoring circuits 12,22, . . ., and 32 respectively. If
abnormality is detected in one of the cell monitoring circuits,
an error signal having a logic level “L.” from the NOR circuit
5 is input to the microcomputer 2, and also input to the AND
circuit in each switch circuit. Thus, the logic level of the
output signal of the AND circuit is forcibly turned to “L”. All
the switch sections are forcibly turned off.

[0127] Therefore, even when abnormality occurs in the cell
assembly itself, each switch section is forcibly turned off to
suppress parallel connection of the cell assemblies and to
block connection between each cell assembly and the positive
electrode connection terminal 91. Therefore, even if abnor-
mality occurs in one of the cell assemblies, it is possible to
inhibit the abnormality from affecting the other cell assem-
blies and the outside of the battery unit 1. Therefore, the
reliability of the battery unit 1 can be improved.

[0128] The configuration to forcibly turn off all the switch
sections when abnormality occurs in a cell assembly is not
essential. At least the switch section corresponding to the cell
assembly in which the abnormality has occurred may be
forcibly turned off,

Second Embodiment

[0129] Next, a charging system of the second embodiment
will be described with reference to FIG. 5. As shown in FIG.
5, the charging system of the second embodiment includes a
battery unit 70 and the charger 120. The battery unit 70 is
detachably attached to the charger 120. When the battery unit
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70 is attached to the charger 120, the two components are
connected physically and electrically. FIG. 5 shows a state in
which the two are connected.

[0130] Compared to the battery unit 1 of the first embodi-
ment, the number of the cell assemblies and part of the con-
figuration of a hardware interlock circuit B are different in the
battery unit 70. Otherwise the battery unit 70 has basically the
same configuration as the battery unit 1 of the first embodi-
ment.

[0131] The battery unit 70 of the second embodiment
includes three cell assemblies 10, 20, 30, Each cell assembly
10, 20, . . ., 30 is connected in parallel via the hardware
interlock circuit B. The hardware interlock circuit B is also a
circuit to suppress a state in which the plurality (three in this
example) of cell assemblies are directly connected in parallel
at the same time, as is the hardware interlock circuit A of the
first embodiment.

[0132] The battery unit 70 of the second embodiment can
be attached to the tool body 100 of the first embodiment and
supply power to the tool body 100. Further, the charger 120 of
the second embodiment can also mount the battery unit 1 of
the first embodiment and charge the battery unit 1.

[0133] As shown in FIG. 5, the charger 120 includes a
microcomputer 131, a charge power supply circuit 132, a
positive electrode connection terminal 121, a negative elec-
trode connection terminal 122, and a communication termi-
nal 124. The charge power supply circuit 132 includes a
rectifier circuit and a switching power supply circuit therein,
and rectifies and transforms an alternate current (AC) voltage
supplied from an AC power supply, such as a commercial
power supply, to generate a direct current voltage for charging
the battery unit 1.

[0134] Similar to the microcomputer 6 of the battery unit 1,
the microcomputer 131 has a CPU and a memory. The micro-
computer 131 is capable of data communication with the
microcomputer 6 of the battery unit 1 via the communication
terminal 124. When the battery unit 1 is attached to the
charger 120, the microcomputer 131 controls the charge
power supply circuit 132 to supply the charging direct current
voltage to the battery unit 1, thereby charging the battery unit
1. After the start of charging, when receiving a charge
completion signal through the communication terminal 124
from the microcomputer 6 of the battery unit 1, the micro-
computer 131 stops charging. Further, during the charge,
when receiving an abnormal signal via the communication
terminal 124 from the microcomputer 6 of the battery unit 1,
the microcomputer 131 forcibly stops charging.

[0135] More specifically, the battery unit 70 is configured
as shown in FIG. 6. As shown in FIG. 6, the battery unit 70 of
the second embodiment is also provided with a switch circuit
in each cell assembly. That is, the first cell assembly 10 is
connected to the positive electrode connection terminal 91 via
a first switch circuit 71, the second cell assembly 20 is con-
nected to the positive electrode connection terminal 91 via a
second switch circuit 72, and the third cell assembly 30 is
connected to the positive electrode connection terminal 91 via
a third switch circuit 73.

[0136] Except that the configuration of the AND circuit is
partially different, the configuration of the switch circuits 71,
72 and 73 are the same as the switch circuits 40, 50, . . ., 60
of the first embodiment. Since in the second embodiment,
there are three cell assemblies, the AND circuits 76,77, 78 are
configured such that three charge-discharge enable signals
corresponding to the three cell assemblies 10, 20 and 30 are
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input. However, to the AND circuits 76, 77, 78, the charge-
discharge enable signal corresponding to the AND circuit
itself, out of the three charge-discharge enable signals, is
logically inverted by the input enabling inverter and is input,
as in the first embodiment.

[0137] Inthe second embodiment, also the NOR circuit 7 is
configured such that a cell error signal is input from each of
the cell monitoring circuits 12, 22, 32 of the three cell assem-
blies 10, 20, 30, since there are the three cell assemblies.
[0138] The biggest difference in the battery unit 70 of the
second embodiment, from the battery unit 1 of the first
embodiment, is that the battery unit 70 includes a D-type
flip-flop 81 and two OR circuits 82, 83. That is, three charge-
discharge enable signals from the microcomputer 6 are input
via the D-type flip-flop 81, instead of being directly input to
the switch circuits 71, 72, 73.

[0139] That is, in the second embodiment, the three switch
circuits 71, 72, 73, the D-type flip-flop 81 and the two OR
circuits 82, 83 constitute the hardware interlock circuit B. In
the first embodiment, when the plurality of charge-discharge
enable signals are turned on (the logic level turns to “H”),
charge and discharge of all the cell blocks are prohibited. In
contrast, the hardware interlock circuit B of the second
embodiment equipped with the D-type flip-flop 81, when one
of'the cell blocks is permitted to be charged or discharged and
if the charge-discharge enable signal for another cell block is
incorrectly turned on due to abnormality of the microcom-
puter 6, disables the charge-discharge enable signal turned on
by mistake and maintains the charge-discharge enable signal
originally turned on to continue to permit the charge or dis-
charge.

[0140] Thatis, the D-type flip-flop 81 is provided with three
input terminals D1, D2, D3, three output terminals Q1, Q2,
Q3, a clock terminal CK, and a clear terminal CLR. The
corresponding charge-discharge enable signal of the three
charge-discharge enable signals is input to each of the three
input terminals D1, D2, D3.

[0141] The output terminal Q1 corresponding to the input
terminal D1 to which the #1 charge-discharge enable signal is
input is connected to the input enabling inverter 45 of the
corresponding first switch circuit 71, and is also connected to
the AND circuits 77, 78 of the other switch circuits 72, 73.
The output terminal Q2 corresponding to the input terminal
D2 to which the #2 charge-discharge enable signal is input is
connected to the input enabling inverter 55 of the correspond-
ing second switch circuit 72, and is also connected to the
AND circuits 76, 78 of the other switch circuits 71, 73. The
output terminal Q3 corresponding to the input terminal D3 to
which the #3 charge-discharge enable signal is input is con-
nected to the input enabling inverter 65 of the corresponding
third switch circuit 73, and is also connected to the AND
circuits 76, 77 of the other switch circuits 71, 72.

[0142] The three charge-discharge enable signals are input
to the clear OR circuit 82. Then, the logical sum of the three
charge-discharge enable signals is input, as a clear signal, to
the clear terminal CLR of the D-type flip-flop 81 from the
clear. OR circuit 82.

[0143] The three charge-discharge enable signals are input
to the clock OR circuit 83. Then, the logical sum of the three
charge-discharge enable signals is input, as a clock signal, to
the clock terminal CK of the D-type flip-flop 81 from the
clock OR circuit 83.

[0144] Inthe D-type flip-flop 81, when the logic level ofthe
clear signal is “L”, the output of each output terminals Q1,
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Q2, Q3 is cleared, and the logic level thereof turns to “L”.
Further, at the rising edge of the clock signal, the input signals
to the input terminals D1, D2, D3 at the time are respectively
output from the corresponding output terminals Q1, Q2, Q3.
[0145] Thus, for example, when a state in which all the
charge-discharge enable signals are off (logic level: “L”) is
changed to a state in which the first charge-discharge enable
signal is on (logic level: “H”), the first charge-discharge
enable signal having a logic level “H” is input to the input
terminal D1 of the D-type flip-flop 81. Further, by the first
charge-discharge enable signal, the logic level of the output of
both the two OR circuits 82, 83 are turned to “H” from “L”.
That is, the rising edge of the clock signal occurs. Therefore,
the logic level of the output signal Q1 corresponding to the
first charge-discharge enable signal of the three output signals
turns to “H”. Thus, the switch section (high side switch 41 and
low-side switch 42) of the first switch circuit 71 is turned on,
the positive electrode of the cell block 11 of the first cell
assembly 10 is connected to the positive electrode connection
terminal 91, and charge and discharge is enabled.

[0146] Inthis state, it is assumed that, due to abnormality of
the microcomputer 6, the second charge-discharge enable
signal is also turned on (logic level; “H”). Even if the logic
level of the second charge-discharge enable signal turns to
“H” in a state where the logic level of the first charge-dis-
charge enable signal is already set to “H”, the logic level “H”
of'the clock signal does not change. In other words, the rising
edge of the clock signal does not occur. Therefore, the fact
that the logic level of the second charge-discharge enable
signal is turned to “H” is not transmitted to the output terminal
side, and the second charge-discharge enable signal having a
logic level “H” is disabled. Then, the first charge-discharge
enable signal already having a logic level of “H” continues to
enable to function. Thus, a charge-discharge permitted state
of the first cell assembly 10 is continued.

[0147] Asdescribed above, the battery unit 70 ofthe second
embodiment is configured such that each of the charge-dis-
charge enable signals from the microcomputer 6 is output to
each of the switch circuits 71, 72, 73 via the D-type flip-flop
81. Accordingly, even if the switch section of one of the
switch circuits is turned on and the logic level of the charge-
discharge enable signal to the another switch circuit turns to
“H”, transmission of the charge-discharge enable signal is
suppressed or blocked. In other words, only the switch section
that is already on is continued (permitted) to be on, and the
charge-discharge enable signal to the another switch is dis-
abled.

[0148] Therefore, it is possible to suppress the sneak cur-
rent between the plurality of cell assemblies while enabling to
continue supply of the battery power through the one switch
circuit that is already turned on.

[0149] Also, such function is implemented with a simple
configuration using the D-type flip-flop 81 and the two OR
circuits 82, 83. Therefore, while including the function, it is
possible to reduce the size of the internal circuit of the battery
unit 70, and further reduce the size and cost of the battery unit
70 as a whole.

Other Embodiments

[0150] (1) In the first and the second embodiments, the
switch section includes two switches (high-side switch and
low-side switch). The switch section may include one switch
or three or more switches. However, when using a device like
a MOSFET which includes a parasitic diode, as a switch, the
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switch section may be constructed so that a sneak current
through the parasitic diode does not occur, such as by con-
necting a plurality of switches in series.

[0151] (2) The high-side switch and the low-side switch
constituting the switch section and the self-diagnosis switch
may be asemiconductor switch other than a MOSFET, or may
be a switch (relay, for example) other than a semiconductor
switch.

[0152] (3) In the first and the second embodiments, the
hardware interlock circuits are configured using a plurality of
switch circuits. Such configurations are only examples. The
hardware interlock circuit can take various specific configu-
rations.

[0153] As forthe specific configuration of the switch circuit
as well, the circuit configurations shown in FIGS. 2 and 6 are
only examples. The switch circuit may be implemented by
another circuit configuration.

[0154] (4) In the second embodiment, by using the D-type
flip-flop 81, charge or discharge of one cell block is continued
to be permitted while charge or discharge of the other cell
blocks are prohibited. The same function may be imple-
mented without using the D-type flip-flop 81 but using other
various logic circuits.

[0155] (5) In the first and the second embodiments, when a
cell error signal is output from the cell monitoring circuit of
one of the cell assemblies, the logic level of the output of all
the AND circuits is set to “L.”, and charge or discharge of all
the cell blocks are prohibited. However, it is not always nec-
essary to prohibit charge or discharge of all the cell blocks.
For example, if an error is detected in the cell monitoring
circuit of one of the cell assemblies, charge or discharge of
only the cell block of that cell assembly may be inhibited.

[0156] (6) Each cell assembly may be configured individu-
ally attachable and detachable from the battery unit.

[0157] (7) The number of the cells constituting the cell
block and the topology may differ from the aforementioned
first and second embodiments. That is, the cell block may
have a configuration in which the plurality of cells 16 are
connected in parallel as the cell block 11 illustrated in FIG.
7A, or may have a configuration in which a plurality of sets of
the plurality cells 16 connected in series are connected in
parallel (configured to be connected in series-parallel) as the
cell block 11 illustrated in FIG. 7B.

[0158] (8) When an error is detected in one of the cell
monitoring circuits, or one of the switch sections of the switch
circuits has a short-circuit fault, occurrence of such abnor-
mality in the battery unit may be notified by using a display
element that is arranged appropriately in the battery unit.

[0159] Further, in that case, such notification may be given
to the user in a manner that a portion to which the abnormality
has occurred, such as in which cell assembly the abnormality
has occurred or which switch section has a short-circuit fault,
can be seen by the user. Specifically, for example, a 7-segment
LED may be arranged in the battery unit 7 so as to display the
number corresponding to the cell assembly in which the
abnormality has occurred, or a plurality of display elements
may be arranged to notify the user of abnormality using the
number of the display elements corresponding to the cell
assembly in which abnormality has occurred.

[0160] Asdescribed above, by the configuration which per-
mits notification of occurrence of abnormality and the occur-
rence site, a user or a repair operator of the battery unit can
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easily recognize the occurrence site of the abnormality when
abnormality occurs in the battery unit. Rapid maintenance is
possible.

What is claimed is:

1. A battery unit comprising:

a plurality of cell assemblies, each of the plurality of cell
assemblies having a positive electrode, a negative elec-
trode, and an assembled battery, the assembled battery
having a plurality of battery cells that are connected in
one of series, parallel, and series-parallel to each other;

a positive electrode connection terminal that is connected
to the positive electrode of each of the plurality of cell
assemblies;

a negative electrode connection terminal that is connected
to the negative electrode of each of the plurality of cell
assemblies;

aplurality of switch sections, each of the plurality of switch
sections corresponding to one of the plurality of cell
assemblies, and being configured to conduct or block a
current path between the positive electrode of the corre-
sponding cell assembly and the positive electrode con-
nection terminal;

a control section that is configured to selectively output an
on-command signal for conducting the current path to
each of the plurality of switch sections;

a simultaneous on-suppression section that is configured,
when the on-command signal is output from the control
section to at least two of the plurality of switch sections,
to perform one of enabling the on-command signal to
one of the at least two switch sections and disabling the
on-command signal to all of the at least two switch
sections, so as to suppress the at least two switch sec-
tions from being turned on at the same time.

2. The battery unit according to claim 1, wherein

each of the plurality of switch sections comprises a first
switch and a second switch that are connected in series,

each of the first switch and the second switch comprises a
pair of end portions, one end of the pair of end portions
of' the first switch is connected to one end of the pair of
end portions of the second switch, the other end of the
pair of end portions of the first switch is connected to the
positive electrode connection terminal, and the other end
of the pair of end portions of the second switch is con-
nected to the positive electrode of the cell assembly
corresponding to the switch section provided with the
second switch.

3. The battery unit according to claim 2, wherein

each of the plurality of switch sections comprises a third
switch, the third switch being provided with one end
connected to the one end of the first switch and the one
end of the second switch, and the other end separate
from the one end of the third switch, and

the battery unit further comprises:

a plurality of switching control sections, each of the plu-
rality of switching control sections corresponding to
each of the plurality of switch sections, and each of the
plurality of switching control sections being configured
to turn off the third switch of the corresponding switch
section when the on-command signal is output to the
corresponding switch section and to turn on the third
switch of the corresponding switch section while the
on-command signal is not output to the corresponding
switch section; and
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an abnormality determination section that is configured to
determine the presence or absence of abnormality in
each of the plurality of switch sections based on an
electrical state of the other end of the third switchin each
of the plurality of switch sections.

4. The battery unit according to claim 3, wherein

the abnormality determination section is further config-
ured to determine the presence or absence of a short-
circuit fault of the second switch in each of the plurality
of switch sections, based on the electrical state of the
other end of the third switch in each of the plurality of
switch sections when the on-command signal is not out-
put from the control section.

5. The battery unit according to claim 3, further compris-

ing:

a constant voltage generator that is configured to generate
a constant voltage having a predetermined voltage
value; and

a constant voltage applying section that is configured to
apply the constant voltage generated by the constant
voltage generator to the other end of the first switch in
each of the plurality of switch sections at a predeter-
mined determination timing during a period in which the
on-command signal is not output from the control sec-
tion,

wherein the abnormality determination section is further
configured to determine the presence or absence of a
short-circuit fault of the first switch in the plurality of
switch sections, based on the electrical state of the other
end of the third switch in each of the plurality of switch
sections when the constant voltage is applied by the
constant voltage applying section to the other end of the
first switch in each of the plurality of switch sections.

6. The battery unit according to claim 1, wherein

the simultaneous on-suppression section is further config-
ured, when the on-command signal is output to the at
least two of the plurality of switch sections from the
control section, to forcibly turn off the at least two of the
plurality of switch sections.

7. The battery unit according to claim 1, wherein

the simultaneous on-suppression section is further config-
ured, if, while the on-command signal is output to one of
the plurality of switch sections from the control section,
the on-command signal is also output to at least another
one of the plurality of switch sections from the control
section, to permit transmission of the on-command sig-
nal to the one of the plurality of switch sections, and to
suppress transmission of the on-command signal to the
at least another one of the plurality of switch sections.

8. The battery unit according to claim 7, further compris-

ing:

a D-type flip-flop that is connected to the control section
and the plurality of switch sections,

the D-type flip-flop comprising:

a plurality of data input terminals, each of the plurality of
data input terminals connected to one of the plurality of
switch sections, the on-command signal output from the
control section being input as an input signal to each of
the plurality of data input terminals;

a plurality of data output terminals, each of the plurality of
data output terminals corresponding to one of the plu-
rality of switch sections, an output signal to the input
signal being output to the corresponding switch section
from each of the plurality of data output terminals;
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a clock signal input terminal to which a logical sum of the
on-command signals to the respective plurality of switch
sections from the control section is input as a clock
signal; and

aclear signal input terminal to which the logical sum of the
on-command signals to the respective plurality of switch
sections from the control section is input as a clear
signal.

9. The battery unit according to claim 1, wherein

each of the plurality of cell assemblies further includes a
monitoring section that is configured to monitor a state
of the assembled battery and, when detecting an abnor-
mality of the assembled battery, to output an error signal
indicating the abnormality, and

the battery unit further comprises:

a forcing-off section that is configured to forcibly turn off,
irrespective of the presence or absence of the on-com-
mand signal, at least the switch section, out of the plu-
rality of switch sections, that corresponds to the cell
assembly in which the error signal is output from the
monitoring section.
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