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(54) [Title of the Invention]  Power storage device 

 
(57) [Abstract] 

[Problem] To prevent damage to the connection switching 
means caused by inrush current and to enable miniaturization. 
[Means for Solving] The storage battery bank 11 and the 
capacitor bank 12 each consist of multiple storage batteries 
11a-11e and capacitors 12a-12e connected in series. The 
connection switching means 13 selectively switches between 
a first or second connection mode in which each capacitor is 
connected in parallel to its corresponding storage battery or the 
storage battery adjacent to it, and a non-connection mode in 
which each capacitor is electrically isolated from all of the 
storage batteries. The control circuit 14 controls the connection 
switching means to repeatedly switch between the first and 
second connection modes. The pre-charging circuit 40 forms a 
closed circuit with the storage battery bank and the capacitor 
bank, and includes pre-charging switches 51, 52, and 53 that 
electrically connect or isolate the storage battery bank and the 
capacitor bank. When the power is turned on and the non-
connection mode is switched, the control circuit controls the 
pre-charging circuit to electrically connect the storage battery 
bank and the capacitor bank. 
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[Scope of Patent Claims] 
[Claim 1] A power storage device comprising: a storage battery 
bank (11) consisting of a plurality of storage batteries (11a-11e) 
connected in series with each other; a capacitor bank (12) 
consisting of a plurality of capacitors (12a-12e) connected in 
series with each other; a connection switching means (13) for 
selectively switching between a first connection mode in which 
each capacitor (12a-12e) is connected in parallel with its 
corresponding storage battery (11a-11e), a second connection 
mode in which each capacitor (12a-12e) is connected in parallel 
with the storage battery adjacent to its corresponding storage 
battery (11b-11e, 11a), and a non-connection mode in which 
each capacitor (12a-12e) is electrically disconnected from each 
storage battery (11a-11e); a control circuit (14) for controlling 
the connection switching means (13) to repeatedly switch 
between the first and second connection modes; and further 
comprising a pre-charging circuit (40) having pre-charging 
switches (51, 52, 53) that constitutes a closed circuit with the 
storage battery bank (11) and the capacitor bank (12) and 
electrically connects or disconnects the storage battery bank 
(11) and the capacitor bank (12), wherein when the power is 
turned on and the connection switching means (13) switches to 
the non-connection mode, the control circuit (14) controls the 
pre-charging circuit (40) to electrically connect the storage 
battery bank (11) and the capacitor bank (12). 
[Claim 2:]  The power storage device according to Claim 
1, wherein the control circuit (14) is configured to control the 
pre-charging circuit (40) in a closed-circuit state, then 
electrically disconnect the storage battery bank (11) and the 
capacitor bank (12), and then control the connection switching 
means (13) to switch to the first or second connection mode. 
[Detailed Description of the Invention] 
[0001] 
[Technical Field of the Invention] The present invention relates 
to a power storage device suitable for storage batteries installed 
in electric vehicles. 
[0002] 
[Prior Art] Conventionally, this type of power storage device 
has been disclosed as comprising a storage battery bank 
consisting of multiple storage batteries connected in series with 
each other, a capacitor bank consisting of multiple capacitors 
connected in series with each other, a connection switching 
means capable of selectively switching between a first and 
second connection mode, and a control circuit configured to 
repeatedly switch between the first and second connection 
modes by controlling the connection switching means 
(Unexamined patent application 10-164768). In this power 
storage device, the first connection mode is a mode in which 
each capacitor is connected in parallel with the corresponding 
storage battery, and the second connection mode is a mode in 
which each capacitor is connected in parallel with the storage 
battery adjacent to the corresponding storage battery. Power 
semiconductor relays such as FETs (field-effect transistors) and 
IGBTs (insulated gate bipolar transistors), which have low 
switching losses, are used as the connection switching means. 
In the power storage device configured in this way, it becomes 
possible to transfer charge between multiple storage batteries, 
and the unbalanced voltage during voltage equalization can be 
utilized to increase the voltage of low-voltage storage batteries 

without waste through heat through discharge resistors. As a 
result, the power loss of the power storage device can be 
reduced, and heat dissipation measures are unnecessary. 
[0003] 
[Problem to be Solved by the Invention] However, in the power 
storage device described in the above-mentioned prior art 
(Japanese Unexamined Patent Application Publication H10-
164768), there is a risk that the power semiconductor relay 
(connection switching means) may be damaged due to the large 
inrush current at the starting of the device. This damage can 
occur when the power storage device is activated when the 
capacitor is uncharged or when the capacitor is discharged due 
to leakage current. Therefore, it is necessary to select and use a 
semiconductor relay with a large current capacity that can 
withstand the above inrush current. However, semiconductor 
relays with large current capacity are expensive and have a 
large size, which leads to increased manufacturing costs and 
larger equipment size. The object of the present invention is to 
provide a power storage device that can prevent damage to the 
connection switching means due to inrush current, can be 
miniaturized, and can reduce manufacturing costs. 
[0004] 
[Means for Solving the Problem] As presented in Figure 1, the 
power storage device according to the invention in Claim 1 is 
characterized by comprising a storage battery bank 11 
consisting of a plurality of storage batteries 11a to 11e 
connected in series with each other; a capacitor bank 12 
consisting of a plurality of capacitors 12a to 12e connected in 
series with each other; a connection switching means 13 
selectively switching between a first connection mode in which 
each capacitor 12a to 12e is connected in parallel with the 
corresponding storage battery 11a to 11e; a second connection 
mode in which each capacitor 12a to 12e is connected in 
parallel with the storage battery 11b to 11e, 11a adjacent to the 
corresponding capacitor; and a non-connection mode in which 
each capacitor 12a to 12e is electrically disconnected from any 
of the storage batteries 11a to 11e; and a control circuit 14 
controlling the connection switching means 13 to repeatedly 
switch between the first and second connection modes; and 
further comprising a pre-charging circuit 40 which constitutes 
a closed circuit with the storage battery bank 11 and the 
capacitor bank 12 and has pre-charging switches 51, 52, 53 for 
electrically connecting or disconnecting the storage battery 
bank 11 and the capacitor bank 12; and is characterized in that, 
when the power is turned on and the non-connection mode is 
switched by the connection switching means 13, the control 
circuit 14 controls the pre-charging circuit 40 to electrically 
connect the storage battery bank 11 and the capacitor bank 12. 
[0005] In the power storage device described in Claim 1, when 
the power supply is turned on, the control circuit 14 closes the 
pre-charging switches 51, 52, and 53 while maintaining a non-
connected mode. As a result, the storage battery bank 11 and 
the capacitor bank 12 are electrically connected, and the pre-
charging circuit 40 thereby becomes a closed circuit, so that the 
charge is filled approximately equally to each capacitor 12a to 
12e, and the potential difference between each storage battery 
11a to 11e and each capacitor 12a to 12e becomes extremely 
small. 
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[0006] The invention according to Claim 2 is an invention 
according to Claim 1, further characterized in that, as shown in 
Figure 1, the control circuit 14 is configured to control the pre-
charging circuit 40 in a state constituting a closed circuit, 
electrically disconnect the storage battery bank 11 and the 
capacitor bank 12, and then control the connection switching 
means 13 to switch to the first or second connection mode. In 
the power storage device described in Claim 2, when the power 
supply is turned on, the control circuit 14 closes the pre-
charging switches 51, 52, and 53 while maintaining a non-
connected mode. As a result, the storage battery bank 11 and 
the capacitor bank 12 are electrically connected, and the pre-
charging circuit 40 thereby becomes a closed circuit, so that the 
charge is filled approximately equally to each capacitor 12a to 
12e, and the potential difference between each storage battery 
11a to 11e and each capacitor 12a to 12e becomes extremely 
small. In this state, the control circuit 14 repeatedly switches 
between the first and second connection modes after opening 
the pre-charging switch 40. Since the switching between the 
first and second connection modes is performed after the 
potential difference between the storage batteries 11a-11e and 
capacitors 12a-12e has become extremely small in this way, the 
inrush current becomes extremely small. 
[0007] 
[Examples of Embodiment] The following describes the 
embodiments of the present invention based on the drawings. 
As shown in Figure 1, the power storage device 10 mounted on 
an electric vehicle includes a storage battery bank 11 consisting 
of a plurality of storage batteries 11a-11e connected in series, a 
capacitor bank 12 consisting of a plurality of capacitors 12a-
12e connected in series, a connection switching means 13 
selectively switchable to a first connection mode, a second 
connection mode, and a non-connection mode, and a control 
circuit 14 that controls the connection switching means 13 to 
repeatedly switch between the first and second connection 
modes. In this embodiment, the storage battery bank 11 consists 
of the first to fifth storage batteries 11a to 11e, and the capacitor 
bank 12 consists of the first to fifth capacitors 12a to 12e. The 
first to fifth capacitors 12a to 12e are arranged to correspond to 
the first to fifth storage batteries 11a to 11e, respectively, and 
motors or the like are connected to the terminals A and B of the 
storage battery bank 11. Note that the storage battery bank may 
be configured with more than six storage batteries, and the 
capacitor bank may be configured with more than six capacitors. 
Furthermore, the power storage device can be applied not only 
to electric vehicles but also to storage battery banks consisting 
of multiple storage batteries, such as in submarines. 
[0008] The first to fifth capacitors 12a to 12e are connected in 
parallel to the first to fifth storage batteries 11a to 11e, 
respectively, via first to sixth corresponding connection lines 
21a to 21f. First to sixth corresponding switches 31a to 31f are 
provided on the first to sixth corresponding connection lines 
21a to 21f, and a seventh corresponding switch 31g is provided 
between the fourth capacitor 12d and the upper end of the fifth 
corresponding connection line 21e. The upper terminal of the 
first corresponding switch 31a is also connected to the lower 
terminal of the second corresponding switch 31b via the first 

adjacent connection line 22a, and the upper terminal of the 
second corresponding switch 31b is connected to the lower 
terminal of the third corresponding switch 31c via the second 
adjacent connection line 22b. The upper terminal of the third 
corresponding switch 31c is connected to the lower terminal of 
the fourth corresponding switch 31d via the third adjacent 
connection line 22c, and the upper terminal of the fourth 
corresponding switch 31d is connected to the lower terminal of 
the fifth corresponding switch 31e via the fourth adjacent 
connection line 22d. The upper terminal of the seventh 
corresponding switch 31g is connected to the lower terminal of 
the sixth corresponding switch 31f via the fifth adjacent 
connection line 22e, and the upper terminal of the sixth 
corresponding switch 31f is connected to the lower terminal of 
the second corresponding switch 31b via the sixth adjacent 
connection line 22f. The first to sixth adjacent connection lines 
22a to 22f each have a corresponding first to sixth adjacent 
switch 32a to 32f. In addition, the reference numeral 22g 
represents an auxiliary connection line that connects the upper 
terminal of the fifth corresponding switch 31e to the lower 
terminal of the first corresponding switch 31a, and the seventh 
adjacent switch 32g is provided on this auxiliary connection 
line 22g. 
[0009] The first bank of switching switches 31 is formed by the 
first to seventh corresponding switches 31a to 31g, and the 
second bank of switching switches 32 is formed by the first to 
seventh adjacent switches 32a to 32g. The connection 
switching means 13 is also formed by the first bank of 
switching switches 31 and the second bank of switching 
switches 32. The first to seventh corresponding switches 31a to 
31g are configured to turn on and off simultaneously in 
coordination, and the first to seventh adjacent switches 32a to 
32g are configured to turn on and off simultaneously in 
coordination. It is preferable that these switches 31a to 31g, 32a 
to 32g are formed by semiconductor relays with a small current 
capacity (current capacity: 50mA to 2A), for example, 
PhotoMOS switches with a current capacity of 2A. When the 
switches 31a to 31g, 32a to 32g are formed by PhotoMOS 
switches, the on and off operations of these switches are 
performed by the flashing of a light-emitting diode (not shown). 
That is, the light-emitting diode is connected to the control 
output of the control circuit 14, and the control circuit 14 is 
configured to flash the light-emitting diode at a predetermined 
frequency to turn the switches 31a to 31g, 32a to 32g on and 
off. 
[0010] The first connection mode is a mode where the first to 
seventh corresponding switches 31a to 31g are closed and the 
first to seventh adjacent switches 32a to 32g are open, thereby 
connecting the first to fifth capacitors 12a to 12e in parallel with 
the first to fifth storage batteries 11a to 11e corresponding to 
these capacitors, respectively. The second connection mode is 
a mode where the first to seventh adjacent switches 32a to 32g 
are closed and the first to seventh corresponding switches 31a 
to 31g are open, thereby connecting the first to fifth capacitors 
12a to 12e in parallel with the second to fifth and first storage 
batteries 11b to 11e adjacent to the first to fifth storage batteries 
11a to 11e corresponding to these capacitors, respectively. The 
non-connection mode is a mode where all the first to seventh 
corresponding switches 31a to 31g and the first to seventh 
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adjacent switches 32a to 32g are open, thereby electrically 
isolating each capacitor 12a to 12e from each storage battery 
11a to 11e. In this embodiment, in the second connection mode, 
the storage battery adjacent to the fifth storage battery 11e is set 
as the first storage battery 11a, and the fifth capacitor 12e and 
the first storage battery 11a are connected in parallel. 
Additionally, the first to seventh corresponding switches and 
the first to seventh adjacent switches can be configured using 
FETs or IGBTs with a current capacity of 20 mA to 1 A. 
[0011] On the other hand, the power storage device 10 is 
equipped with a pre-charging circuit 40 that forms a closed 
circuit with a storage battery bank 11 and a capacitor bank 12. 
This pre-charging circuit 40 includes a first pre-charging 
connection line 41 that connects one end of the first capacitor 
12a to one end of the first storage battery 11a, a second pre-
charging connection line 42 that connects the other end of the 
fifth capacitor 12e to the other end of the fifth storage battery 
11e, a first pre-charging switch 51 provided on the first pre-
charging connection line 41, and second and third pre-charging 
switches 52 and 53 provided on the second pre-charging 
connection line 42. In this embodiment, the first to third pre-
charging switches 51 to 53 are contact type relays with a large 
current capacity (current capacity: 6-20A). The first pre-
charging switch 51 consists of a first coil section 51a and a first 
switch section 51b that closes when current flows through the 
coil section 51a. The second pre-charging switch 52 consists of 
a second coil section 52a and a second switch section 52b that 
closes when current flows through the coil section 52a. The 
third pre-charging switch 53 consists of a third coil section 53a 
and a third switch section 53b that closes when current flows 
through the coil section 53a. The first to third coil sections 51a 
to 53a are connected to the control output of the control circuit 
14, the first and second switch sections 51b, 52b are connected 
to the first and second pre-charging connection lines 41, 42, 
respectively, and the third switch section 53b is connected in 
parallel with the seventh corresponding switch 31g. 
[0012] Furthermore, the key switch 54 is connected to the 
control input of the control circuit 14, and a timer (not shown) 
that outputs the time the pre-charging switches 51 to 53 are 
closed and an oscillator circuit (not shown) that flashes an LED 
at a predetermined frequency are provided in the control circuit 
14. Note that instead of a contact type relay, a semiconductor 
relay with a large current capacity (such as a PhotoMOS switch 
or IGBT with a current capacity of 6 to 10 A) can be used as 
the pre-charging switch. 
[0013] The operation of the power storage device 10, which is 
thus configured, will now be described. When the key switch 
54 of an electric vehicle is turned on, the control circuit 14 
flows current to the first to third coil sections 51a to 53a of the 
first to third pre-charging switches 51 to 53, thereby closing the 
first to third switch sections 51b to 53b. At this time, the control 
circuit 14 keeps the LED in an off state (non-connected mode). 
When the first to third switch sections 51b to 53b are closed, 
the storage battery bank 11 and the capacitor pack 12 are 
electrically connected, and the pre-charging circuit 40 becomes 
a closed circuit. As a result, the capacitors 12a to 12e, which 
are not charged (discharged), are charged almost equally from 
each storage battery 11a to 11e, and the potential difference 

between each storage battery 11a to 11e and each capacitor 12a 
to 12e becomes very small. Although a relatively large inrush 
current flows into each capacitor 12a to 12e when the first to 
third switch sections 51b to 53b are closed, the first to third pre-
charging switches 51 to 53 do not get damaged because they 
have a large current capacity. 
[0014] Next, when the control circuit 14 determines that a 
predetermined time has elapsed based on a signal from the 
timer, it stops supplying power to the first to third coil sections 
51a to 53a and opens the first to third switch sections 51b to 
53b. At this time, the capacitors 12a to 12e are kept in a state 
where they are charged almost equally. In this state, the control 
circuit 14 activates the oscillator circuit to make the light-
emitting diode blink at a predetermined frequency, repeatedly 
switching between the first and second connection modes, and 
equalizing the voltage of each storage battery 11a to 11e. Since 
the switching between the first and second connection modes is 
performed after the potential difference between the storage 
batteries 11a-11e and capacitors 12a-12e has become extremely 
small in this way, the inrush current becomes extremely small. 
As a result, even when using the first to seventh corresponding 
switches 31a to 31g and the first to seventh adjacent switches 
32a to 32g, which have a small current capacity, these switches 
31a to 31g, 32a to 32g will not be damaged by the inrush current. 
Furthermore, by performing a two-step control in which the 
control circuit 14 controls the pre-charging circuit 40 and then 
controls the connection switching means 13, as described above, 
it is possible to prevent malfunction of the connection 
switching means 13 at the time of power-on. 
[0015] 
[Effect of the invention] As described above, according to the 
present invention, the pre-charging circuit forms a closed 
circuit with the storage battery bank and the capacitor bank, and 
has a pre-charging switch that electrically connects or 
disconnects the storage battery bank and the capacitor bank. 
When the power is turned on and the connection switching 
means switches to the non-connection mode, the control circuit 
controls the pre-charging circuit to electrically connect the 
storage battery bank and the capacitor bank, so that the charge 
is filled almost equally in each capacitor, and the potential 
difference between each storage battery and each capacitor 
becomes extremely small. If the pre-charging circuit, in which 
the control circuit forms a closed circuit, is controlled to 
electrically disconnect the storage battery bank and the 
capacitor bank, and then the connection switching means is 
controlled to switch to the first or second connection mode, the 
inrush current at the time of switching to the first or second 
connection mode can be reduced because the switching 
operation between the first and second connection modes is 
performed after the potential difference between the storage 
battery and the capacitor becomes extremely small. As a result, 
even if a semiconductor relay with a small current capacity, 
small size, and low cost is used as the connection switching 
means, it will not be damaged, and further, the miniaturization 
of the power storage device and the reduction of manufacturing 
costs can be achieved. 
[Brief Description of the Drawings] 
[Figure 1] is a circuit configuration diagram of the power 
storage device of an embodiment of the present invention. 
[Explanation of References] 
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[Figure 1] 
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