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(57) Abréegée/Abstract:

A charging/discharging device having plurality of charge/discharge members to charge/discharge concurrently in parallel, including
power lines for charging to provide electric power supplied from a power unit to the respective charge/discharge members, power
ines for discharging to provide electric power discharged from the respective charge/discharge members to the power unit, a
plurality of connection switching units which switch connection of the plurality of charge/discharge members with the power lines
for charging and discharging as being interposed respectively between the plurality of charge/discharge members and each of the
power lines for charging and discharging, and a switching control unit which controls switching of the plurality of connection
switching units. The power unit applies voltages having a plurality of mutually-different voltage values and the switching control unit
controls switching so that the respective charge/discharge members are connected cyclically in predetermined order to the plurality
of power lines for charging and discharging.
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ABSTRACT OF THE DISCLOSURE

A charging/discharging device having plurality of charge/discharge
members to charge/discharge concurrently in parallel, including power lines
for charging to provide electric power supplied from a power unit to the
respective charge/discharge members, power lines for discharging to provide
electric power discharged from the respective charge/discharge members to
the power unit, a plurality of connection switching units which switch
connection of the plurality of charge/discharge members with the power lines
for charging and discharging as being interposed respectively between the
plurality of charge/discharge members and each of the power lines for
charging and discharging, and a switching control unit which controls
switching of the plurality of connection switching units. The power unit
applies voltages having a plurality of mutually-different voltage values and
the switching control unit controls switching so that the respective
charge/discharge members are connected cyclically in predetermined order to

the plurality of power lines for charging and discharging.
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CHARGING/DISCHARGING DEVICE

FIELD OF THE INVENTION

The present invention relates to a charging/discharging device, and for
example, relates to a charging/discharging device which causes a plurality of
charge/discharge members to perform charge/discharge operation concurrently in

parallel.

BACKGROUND QOF THE INVENTION

There have been power devices to perform charge/discharge operation of a
secondary cell, storing of charges to a capacitor or the like and discharging thereof,
or power supplying to electrical equipment and power consumung for performing
equipment operation. In the following description, a power device to perform
power supplying and power consuming as described above is denoted as a
charging/discharging device. Further, an object on which the charging/discharging
device performs power supplying and power consuming 1s denoted as a

charge/discharge member.

For example, when the abovementioned charging/discharging device is used
as a charging/discharging device for a secondary cell, the charging/discharging
device repeatedly
secondary cell for a predetermined time and discharge operation to absorb discharge

electric power from the charged secondary cell for a predetermined time.

Thus, when the abovementioned charging/discharging device is used as a

power device to cause a secondary cell to perform charge/discharge operation, the
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charging/discharging device can be used, for example, as a conditioning device to
activate cell performance of a secondary cell, an aging device to repeatedly perform
charge/discharge operation until a secondary cell obtains predetermined cell
performance, a charge/discharge testing device for a secondary cell, a cycle testing
device to examine temporal charge/discharge cycle performance of a secondary cel],
and the like (see Japanese Patent Application Laid-Open No. 2002-208440 and
Japanese Patent Application Laid-Open No. 2010-287512).

Here, operation in a case that a charging/discharging device is used as a
conditioning device for a secondary cell is briefly described as an example using
FIGs. 2 and 3. FIGs. 2 and 3 illustrate a case that the charging/discharging device is
used as a conditioning device for a secondary cell which is a later-mentioned

quantum cell.

As illustrated in FIG. 2, in a charging/discharging device 100A, a power
source 103 outputs drive current to a power amplifier 101 and the power amplifier
101 applies a voltage having a predetermined waveform produced by waveform
generator 102 to a secondary cell 104 based on the drive current from the power

source 103.

As illustrated in FIG. 3(A), for charging the secondary cell 104 being a
quantum cell, the power amplifier 101 applies a voltage Vi1 higher than a charging
voltage V2 instantly for a time T1 to activate the secondary cell 104, and then, applies
the charging voltage V2 to the secondary cell 104 for a predetermined time To.
Further, for discharging the secondary cell 104, the power amplifier 101 applies a
voltage Vs lower than a discharging voltage Vi instantly for a ime Ts to activate the
secondary cell 104, and then applies the charging voltage Vi to the secondary cell 104

for a predetermined time Ts. In charge/discharge operation for the secondary cell

104, the charging/discharging device 100 repeatedly performs operation illustrated
in FIG. 3(A).

Further, operation in a case that a charging/discharging device is used as a

charge/discharge testing device for a secondary cell is briefly described as an

example using FIG. 4.

The charging/discharging device illustrated in FIG. 4 adopts a constant-

current constant-voltage (CC-CV) charging method for charging a secondary cell. In
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the CC-CV charging method, charging is started with constant current (CC) to avoid
overvoltage, and is switched to a constant voltage (CV) when a voltage of the
secondary cell reaches a predetermined voltage. Here, discharging is performed
with constant current (CC) when the charging/discharging device 100A absorbs

discharge of the secondary cell.

Here, the charging/discharging method of a secondary cell is not limited to
the CC-CV charging method and the CC discharging method in FIG. 4. Aside from
the CC-CV charging method, it is also possible to adopt a CC charging method, a CV
charging method, or the like as the charging method. Further, aside from the CC
discharging method, it is also possible to adopt a discharging method with resistance
load (R discharging method), or the like as the discharging method.

Further, as described above, the charging/discharging device can be used as

an aging device for a secondary cell, a cycle testing device for a secondary cell, and
the like.

Further, in a case that a plurality of secondary cells are caused to perform
charge/discharge operation (e.g., conditioning) concurrently in parallel, as illustrated
in FIG. 5, a charging/discharging device 100B includes a required number (N pieces
in FIG. 5) of power amplifiers 101 and each power amplifier 101 performs
charge/discharge operation on a corresponding secondary cell 104 concurrently in

parallel.

SUMMARY OF THE INVENTION

When a plurality of secondary cells are caused to perform charge/discharge
operation concurrently in parallel, current peaks overlap in timing. Accordingly, it

1S required to arrange an expensive power source having a high current supply

capacity.

For example, in a case that the charging/discharging device 100A performs
charge/discharge operation on one secondary cell 104 as illustrated in FIGs. 2 and 3,
the power source 103 is required to have a current supply capacity corresponding to
a current peak value I at the plus side and a current supply capacity corresponding
to a current peak value Is at the minus side as illustrated in FIG. 3(B). Further, as

illustrated in FIG. 5, with a structure that electric power 1s supplied to the secondary
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cells 104 through a plurality of channels as arranging the plurality of power
amplifiers 101, it may be possible to adopt a method to supply electric power to the
respective channels with voltage waveforms of the plurality of power amplifiers 101
shifted. However, in such a case, the number of structural elements for adjusting

voltage waveforms is increased due to increase of the number of channels, causing a

problem to increase device cost.

Meanwhile, in a case that the charging/discharging device 100B causes N
pieces of secondary cells 104 to perform charge/discharge operation concurrently in
parallel, as illustrated in FIG. 6, the power source 103 is required to have a current
supply capacity corresponding to a current peak value N x I at the plus side and a
current supply capacity corresponding to a current peak value N x Is at the minus
side. For example, in a case that 20 pieces of secondary cells are caused to perform
charge/discharge operation concurrently in parallel under conditions that each
current peak value at the plus side is 0.4 A at maximum and each current peak value
at the minus side is 1.4 A at maximum, the power source 103 is required to have a
current supply capacity being 8 A at maximum at the plus side and 28 A at

maximum at the minus side.

Further, for example, in a case that the charging/discharging device performs
charge/discharge operation in FIG. 4 on N pieces of secondary cells concurrently in
parallel, the power source is required to have a current supply capacity
corresponding to N x o under conditions that I is smaller than Io for performing
charge operation with the CC-CV charging method and a current supply capacity
corresponding to N x Iu for performing discharge operation with the CC discharging
method.

Further, as a charging/discharging device 100C in FIG. 7, it is also possible
that one power amplifier 101 performs charge/discharge operation (e.g.,
conditioning) on a plurality of secondary cells 104. However, in such a case, when
one secondary cell 104 fails during operation, the charge/discharge operation may
not be performed properly on the rest of secondary cells 104 connected to the failed

secondary cell 104.

Not limited to a case that the charging/discharging device is used as a
conditioning device for a secondary cell, the abovementioned problems may occur

commonly in cases of being used as an aging device for a secondary cell, a

P15240CA00/ 1h



10

15

20

25

30

CA 02879191 2016-09-30

charge/discharge testing device for a secondary cell, a cycle testing device for a

secondary cell, and the like.

Further, aside from a case that the charging/discharging device is used tor
charge/discharge operation of a secondary cell, the similar problems may occur in
cases of being used as a power device to perform charging and discharging of a
capacitor or the like or to perform power supplying to electric equipment and power

consuming.

According to the above, there has been a requirement for a
charging/discharging device capable of causing a plurality of charge/discharge
members to perform charge/discharge operation concurrently in parallel without

adopting a power source having an extremely high current supply capacity.

In one aspect of the present invention, a charging/discharging device which
causes a plurality of charge/discharge members to perform, concurrently in parallel,
charge operation and discharge operation includes (1) a power unit; (2) a plurality of
power lines for charging to provide, to the plurality of charge/discharge members,
electric power supplied from the power unit; (3) a plurality of power lines for
discharging to provide, to the power unit, electric power discharged from the
plurality of charge/discharge members, the power unit applying voltages having a
plurality of mutually-ditferent voltage values via the plurality of power lines for
charging and the plurality of power lines for discharging; (4) a plurality of
connection switching units which switch connection of the plurality of
charge/discharge members with the power lines for charging and the power lines for
discharging as being interposed respectively between the plurality of
charge/discharge members and each of the power lines for charging and the power
lines for discharging; and (5) a switching control unit which controls switching of
connection of the plurality of connection switching units so that the respective
charge/discharge members are connected cyclically in predetermined order to the

plurality of power lines for charging and the plurality of power lines for discharging.

In another aspect of the present invention, a charging/discharging device
which performs, concurrently in parallel, charge operation and discharge operation
on a plurality of charge/discharge members includes (1) a power line group
including a power line for charging and a power line for discharging connected to a

power unit which supplies electric power having a plurality of mutually different
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values; (2) a plurality of connection switching units which connect the power line
group to the respective charge/discharge members for each charge/discharge
member; and (3) a switching control unit which controls switching of the plurality of
connection switching units so that maximum electric power values of charge electric
power supplied to the respective charge/discharge members via the power line for
charging and maximum electric power values of discharge electric power supplied
to the respective charge/discharge members via the power line for discharging are
not temporally overlapped among a part or all of the plurality of charge/discharge

members.

In a further aspect of the present invention, a charging/discharging device
which performs, concurrently in parallel, charge operation and discharge operation
on a plurality of charge/discharge members includes (1) a power line group
including a power line for charging connected to a power unit and a power line for
discharging connected to a loading unit; (2) a plurality of connection switching units
which connect the power line group to the respective charge/discharge members for
each charge/discharge member; and (3) a switching control unit which controls
switching of the plurality of connection switching units so that maximum electric
power values of charge electric power supplied to the respective charge/discharge
members via the power line for charging and maximum electric power values of
discharge electric power from the respective charge/discharge members via the
power line for discharging are not temporally overlapped among a part or all of the

plurality of charge/discharge members.

In yet another aspect of the present invention, it is possible to cause a
plurality of charge/discharge members to perform charge/discharge operation

concurrently in parallel without using a power source having a high current supply

capacity.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are shown in the drawings, wherein:

FIG. 1 is a structural view illustrating a structure of a conditioning device of a

first embodiment.
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FIG. 2 is a structural view illustrating a conventional structure of a

conditioning device which performs conditioning of a secondary cell.

FIG. 3 is an explanatory view illustrating conventional conditioning operation

of a secondary cell.

FIG. 4 is a view illustrating charge/discharge operation for performing a
charge/discharge test of a secondary cell as conventionally adopting a CC-CV

charging method and a CC discharging method.

FIG. 5 is a structural view illustrating a first structure of a conventional
charging/discharging device which performs charge/discharge operation on a

plurality of secondary cells concurrently in parallel.

FI1G. 6 illustrates a current waveform during performing conventional

conditioning concurrently on a plurality of secondary cells.

FIG. 7 is a structural view illustrating a second structure of a conventional
charging/discharging device which performs charge/discharge operation on a

plurality of secondary cells concurrently in parallel.

FIG. 8 is a sectional view illustrating a structure of a quantum cell in the

embodiment.

FIG. 9 is a functional block diagram illustrating control functions of

conditioning operation actualized by a control terminal of the first embodiment.

F1G. 10 is a flowchart illustrating operation of a conditioning process on

quantum cells to be performed by the conditioning device of the first embodiment.

FIG. 11 is a view illustrating switching timing of switch portions of the first

embodiment.

FIG. 12 is a view illustrating a waveform of current flowing on a Vi-force line

when performing conditioning on quantum cells in the first embodiment.
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FIG. 13 is a view illustrating a waveform of current flowing on a Vs-force line

when performing conditioning on quantum cells in the first embodiment.

FIG. 14 is a structural view illustrating a structure of a charge/discharge

testing device of a second embodiment.

FIG. 15 is an explanatory view illustrating a CC-CV charging method and a
CC charging method.

FIG. 16 is an explanatory view illustrating a CC discharging method and an R
discharging method.

FIG. 17 is a functional block diagram illustrating control functions of
charge/discharge operation actualized by a control terminal of the second

embodiment.

FIG. 18 is a flowchart illustrating operation of a charge/discharge test process
on a quantum cell to be performed by the charge/discharge testing device of the

second embodiment.

FIG. 19 is an explanatory view illustrating switching timing of switch portions

of the second embodiment.

FIG. 20 is a view for comparing charge operation with the charge/discharge

testing device of the second embodiment to conventional charge operation.

FIG. 21 is an explanatory view illustrating a failure detection process of a

quantum cell according to the first embodiment.

FIG. 22 is an explanatory view illustrating switch flip operation when failure

occurrence is detected by a failure monitoring portion of the first embodiment.

FIG. 23 is a functional block diagram illustrating control functions of a control

terminal of a modified embodiment of the first embodiment.
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FIG. 24 is an explanatory view illustrating regeneration operation of electric

power discharged from a quantum cell in the charge/discharge testing device of the

second embodiment.

FIG. 25 is a functional block diagram illustrating control functions of a control

terminal of a modified embodiment of the second embodiment.

FIG. 26 is a view illustrating a test result (one-cycle waveform) of a

charge/discharge cycle test of a lithium ion secondary cell in the related art.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

(A) Quantum cell

Embodiments described in the following exemplify a case that a
charging/discharging device of the present invention causes a plurality of secondary

cells to perform charge/discharge operation concurrently in parallel.

The secondary cell caused to perform charge/discharge operation can be
applied widely to a lithium ion secondary cell, an all-solid lithium ion cell whose
electrolyte is formed in solid, a quantum cell, and the like. Here, the embodiments
exemplify a case that a quantum cell is adopted as an example of a secondary cell. In
the following, brief description will be provided on a quantum cell with reference to

the drawings before describing the respective embodiments.

A quantum cell is a secondary cell based on an operational principal of
forming a new energy level in a band gap and capturing an electron by utilizing a

photoexcited structural change of a metal oxide.

The quantum cell is an all-solid-state secondary cell. FIG. 8 illustrates a
structure capable of solely functioning as a secondary cell. As illustrated in FIG. 8, a
quantum cell 9 has a solid charging layer 92 between a negative electrode layer 93
and a positive electrode layer 91. FIG. 8 illustrates a state that a positive electrode
terminal 94 and a negative electrode terminal 95 are attached to the positive

electrode layer 91 and the negative electrode layer 93, respectively.
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The charging layer 92 is a layer to store electrons with charge operation, to
release the charged electrons with discharge operation, and to keep the electrons
(perform storage of electricity) in a state without charging/discharging. The
charging layer 92 is formed by applying a photoexcited structural change

technology.

The photoexcited structural change is described, for example, in International
Patent Application Laid-open No. WO/2008/ 053561 and is a phenomenon
(technology) found by Akira Nakazawa, who is an inventor of the above application.
That is, Akira Nakazawa found out that, when effective excitation energy is applied
to an insulation-coated translucent metal oxide which is a semiconductor having a
band gap at a predetermined value or higher, a number of energy levels with no
electron are generated in the band gap. The quantum cell 9 is charged by being
caused to capture electrons in these energy levels and discharged by being caused to

release the captured electrons.

The charging layer 92 is formed in a way where insulation-coated n-type
metal oxide semiconductor particles adhere to the negative electrode layer 93 in a
thin film shape and is transformed to be capable of storing electrons with a
photoexcited structural change caused at the n-type metal oxide semiconductor by

ultraviolet irradiation.

In the quantum cell 9, the positive electrode layer 91 includes an electrode
main body layer 91A and a p-type metal oxide semiconductor layer 91B formed to be
in contact with the charging layer 92. The p-type metal oxide semiconductor layer
91B is arranged so that electrons are prevented from being injected from the

electrode main body layer 91A to the charging layer 92.

The negative electrode layer 93 and the electrode main body layer 91A of the

positive electrode layer 91 are simply required to be formed as conductive layers.

A structure performing a function of a secondary cell as including the positive
electrode layer 91, the charging layer 92, and the negative electrode layer 93 as
illustrated in FIG. 8 is denoted as a single-layer. The quantum cell 9 may be formed
of a single-layer or formed by layering a plurality of single-layers. The shape of the
quantum cell 9 is not specifically limited. For example, it is also possible to have

another shape such as a rectangular, a circle, an ellipse, a hexagon, or the like.
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Further, area (size) of the quantum cell 9 is not specifically limited as well. Further,
the positive electrode layer 91 and the negative electrode layer 93 of the quantum
cell 9 may have a thickness approximately in a range between 10 nm and 1 pm and
the charging layer 92 may have a thickness approximately in a range between 50 nm

and 10 pum.
(B) First embodiment

In the following, a first embodiment of a charging/discharging device of the

present invention will be described in detail with reference to the drawings.

The first embodiment exemplifies a case that a charging/discharging device of
the present invention is applied to a conditioning device which performs

conditioning on a plurality of quantum cells concurrently in parallel.
(B-1) Structure of first embodiment

FIG. 1 is a structural view illustrating a structure of a conditioning device of

the first embodiment.

In FIG. 1, a conditioning device 1 of the first embodiment includes a control
terminal 11, a switch flip controller 12, power sources 13-1 to 13-4, a power rail 14,
and switch portions SW1ba to SW15n.

Here, a power line group described in claims corresponds to a power rail
described below in first and second embodiments. In the following, the power rail

14 is illustrated for convenience of explanation.

The conditioning device 1 1s a device to perform conditioning on a plurality of
quantum cells 9 (9a to 9n). The number of cells (quantum cells) on which
conditioning is performed by the conditioning device 1 is not specifically limited.
FIG. 1 illustrates an example of a case that the conditioning device 1 performs

conditioning on the quantum cells 9a to 9n concurrently in parallel.
The power sources 13-1 to 13-4 are connected respectively to power lines

(hereinafter, called voltage lines as well) and connected respectively to the quantum
cells 9 via the switch portions SW15a to SW15n which are described later. The
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power sources 13-1 and 13-3 output a voltage having a predetermined voltage value
and supply, to the quantum cells 9, a current corresponding to a peak current value

required for the conditioning.

Charge operation and discharge operation exemplitfied in FIG. 3 are
performed as the conditioning of the quantum cells 9. Here, it is effective that a high
voltage is instantly applied in a forward direction just before charging the quantum
cell 9 and a large current is instantly flown in a reverse direction just before
discharging the quantum cell 9. The power source 13-1 outputs a voltage having a
voltage value Vi, the power source 13-2 outputs a voltage having a voltage value V>,
the power source 13-3 outputs a voltage having a voltage value Vs, and the power
source 13-4 outputs a voltage having a voltage value Vi (see FIG. 3). That is, the
power sources 13-1, 13-2 output the voltages for the charge operation on the
quantum cells 9 and the power sources 13-3, 13-4 output the voltages for the

discharge operation on the quantum cells 9.

In the following, electric power at the time just before supplying charge
electric power being instantaneously higher than the charge electric power is
denoted as instantaneously high charge electric power. Electric power at the time
just before supplying discharge electric power being instantaneously higher than the

discharge electric power is denoted as instantaneously high discharge electric power.

The power rail 14 is a bundle of a plurality of power lines to which the
respective power sources 13-1 to 13-4 are connected. The power rail 14 includes a
Vi-fource line to which the power source 13-1 is connected, a Va-fource line to which
the power source 13-2 is connected, a Vs-fource line to which the power source 13-3
1s connected, a Va-fource line to which the power source 13-4 is connected, a Vi-sense

line, and a Vs-sense line.

Here, a sensing line described in claims is for detecting a voltage at a contact
point with the quantum cell 9 being a cell. In this specification in the following, the
sensing line 1s described as being denoted as a voltage sensing line or a sense line

such as the Vi-sense line and the Vs-sense line.

The Vi-fource line and the Va-fource line are power lines for charging to
supply voltages from the power sources 13-1, 13-2 to the quantum cells 9 for causing

the charge operation to be performed. The Vi-fource line and the Vi-fource line are
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power lines for discharging to supply voltages from the power sources 13-3, 13-4 to

the quantum cells 9 for causing the discharge operation to be performed.

The Vi-sense line and the Vs-sense line are power lines for detecting voltages
at contact points with the quantum cells 9. In a case that a relatively large voltage
having a value such as the voltage values Vi, Vs is applied, the voltage sensing lines
(the Vi-sense line and the Vs-sense line) are connected to the quantum cells 9 in
addition to the voltage lines (the Vi-fource line and the Vs-fource line). According to
the above, owing to that voltages output from the power sources 13-1, 13-2 is kept
constant by causing voltage values applied to the quantum cells 9 to be fed back to
the power sources 13-1, 13-2, it is possible to provide compensation for the amount
of voltage drop occurring with a current flowing through the switch portions SW15a
to SW1bn, the Vi-fource line, and the Vs-fource line. Thus, voltages having the

voltage values Vi, Vs can be applied accurately to the quantum cells 9.

Here, a current flows through the switch portions SW15a to SW15n and the
like even in a case that a relatively small voltage having a value such as the voltage
values V2, Va is applied. However, since the flowing current is not large, the amount
of voltage drop thereof can be considered as being within an error range. For
example, it is in the order of 1 mV even with a current of 10 mA flowing through 0.1
(2. Accordingly, in the present embodiment, voltage sensing lines are not arranged
for detecting voltages at contact points with the quantum cells 9 when voltages
having the voltage values V2, Vi are output. However, in a case that voltage values
applied from the power sources 13-1 to 13-4 through voltage lines are required to be
fed back, it is also possible to arrange a voltage sensing line to each voltage line as

needed.

The switch portions SW1ba to SW15n are arranged between all the voltage
lines structuring the power rail 14 and the quantum cells 9 on which conditioning is
performed, so that connection switching between the respective voltage lines and the

quantum cells 9 is performed with control of the switch flip controller 12.

T'he switch portions SW1ba to SW15n include switches which perform
connection switching between the respective voltage lines and the quantum cells 9.
For example, the switch portion SW15a includes a switch Salf which is connected to
the Vi-force line, a switch Sals which is connected to the Vi-sense line, a switch Sa2f

which i1s connected to the Va-torce line, a switch Sa3f which is connected to the Va-
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torce line, a switch Sa3s which is connected to the Vi-sense line, and a switch Sa4f

which is connected to the Vas-force line.

The control terminal 11 controls a conditioning operation of the conditioning
device 1. The control terminal 11 performs setting of operational conditions of the
conditioning of the quantum cells 9, instructing of switch flip for the later-mentioned

switch tlip controller 12, displaying of conditioning results, and the like.

For example, a personal computer which is connected to the power sources
13-1 to 13-4 and the switch flip controller 12 via a network (e.g., LAN (registered
trademark) or the like) may be adopted as the control terminal 11. Alternatively, in a
case that respective structural elements illustrated in FIG. 1 are formed into a device
of a single unit, the control terminal 11 may be a control unit as a component

(structural element) of the conditioning device 1.

Further, control functions of the control terminal 11 in the conditioning
operation can be actualized with so-called software processing. The control terminal
11 has a hardware structure being the same as a structure of an existing computer.
For example, the control terminal 11 includes a CPU, a ROM, a RAM, an EEPROM,
an input/output interface, and the like. Owing to that processing programs stored in
the ROM is executed by the CPU, the control functions of the control terminal 11 can
be actualized.

Examples of the operational conditions for the conditioning operation include
a pattern of a voltage waveform output by the power sources 13 (13-1 to 13-4).
According to the voltage waveform pattern, the respective output voltage values and
output time of the output voltage values are set for charging and discharging the

quantum cells 9.

Here, in the conditioning of the quantum cells 9, each voltage is applied to the
quantum cells 9 for time Ti, T2, T3, Ts as having the voltage value Vi, V2, V3, Vi as
illustrated in FIG. 3. In the conditioning, a cyclic operation from Ti to Ts is
repeatedly performed continuously for a predetermined time with a process from T

to T4 being as one cycle.
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Further, the operational conditions may include the number of conditionings
(i.e., the number of quantum cells 9 on which the conditioning is performed),

conditioning time, and the like.

The switching timing determining portion 112 determines switching timing of
the switches which are flipped by the switch flip controller 12 based on the
operational conditions set by the operational condition setting portion 111. For
example, the switching timing determining portion 112 divides time of one cycle of
the conditioning operation into a predetermined number of times and ON/OFF of
the respective switch portions SW15a to SW15n is determined for each divided time.

The switch flip instructing portion 113 provides an instruction of switch

flipping to the switch flip controller 12 based on the switching timing determined by

the switching timing determining portion 112.

The failure monitoring portion 114 monitors presence or absence of a failure
such as a malfunction of the quantum cell 9 on which conditioning is performed. In
a case that a failure occurs, the failure monitoring portion 114 causes all the switch

portions SW15 which are connected to the failed quantum cell 9 to be flipped oft.

As described above, the power sources 13-1, 13-3 can monitor voltages
through the voltage sensing lines (Vi-sense line, Vi-sense line) while voltages Vi, Vs
are applied. Since the voltage at the voltage sensing line is varied when a failure
occurs at the quantum cell 9, the power sources 13-1, 13-3 detect the failure of the

quantum cell 9 by monitoring the voltages of the voltage sensing lines.

The failure monitoring portion 114 specifies the failed quantum cell 9 based

on the monitoring result from the power source 13-1 or 13-3.

Here, the failed quantum cell 9 can be specified with a method which is based
on the switching timing of the switch portions SW15a to SW15n and failure
occurrence time. For example, when notification of failure occurrence 1s received
from the power source 13-1 or 13-3, the failure monitoring portion 114 checks ftailure
occurrence time. Then, the failed quantum cell 9 can be specified owing to that the
quantum cell 9 which is connected to the Vi-fource or the Vs-fouce at the failure

occurrence time is determined in reference to the switching timing of the switch
portions SW1ba to SW15n.
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Further, the failure monitoring portion 114 instructs the switch flip controller
12 to cause all the switches of the switch portion SW15 at the failed quantum cell 9 to
be flipped off. Thus, the failed quantum cell 9 can be disconnected from the power

rail 14.

The switch flip controller 12 performs switch flip control on the switch
portions SW1ba to SW1bn in accordance with an instruction from the control

terminal 21.
(B-2) Operation of first embodiment

Next, operation of the conditioning process on the quantum cells 9 by the
conditioning device 1 of the first embodiment will be described in detail with

reference to the drawings.

FIG. 10 is a flowchart illustrating the operation of the conditioning process on
the quantum cells 9 to be performed by the conditioning device 1 of the first

embodiment.

First, the quantum cells 9 on which conditioning is to be performed are
connected to connection terminals of the corresponding switch portions SW15 1n the

conditioning device 1.

For performing conditioning on the quantum cells 9, operational conditions
are input to the control terminal 11 owing to a user operation. The operation
condition setting portion 111 sets the operational conditions (5101) and operation

time of one cycle is divided (5102).

[0073] For example, as the operational conditions of the conditioning, the voltages Vi
to Vi to be output from the power sources 13-1 to 13-4 are set to +5V, +2.5V, -5V, and
-3V, respectively.

Here, the number of cells on which the conditioning is performed is set to ten,
for example. In this case, the operation time of one cycle is divided into ten. When
the operation time of one cycle is 20 seconds, one divided slot becomes to two

seconds. Here, applying time T1 of Vi1 is two seconds, applying time T2 ot V2 1s eight
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seconds, applying time T3 of V3 is two seconds, and applying time Ts of Vi is eight

seconds.

Next, in the control terminal 11, the switching timing determining portion 112
determines, based on the set operational conditions, switching timing of the switch
portions SW15a to SW15j for ten quantum cells 9a to 9 on which the conditioning is
performed (5103).

In the above, the switching timing determining portion 112 exemplifies a case
that one cycle time of the conditioning operation is divided into the total number of
the quantum cells 9. However, not limited to the above, it is also possible that two
quantum cells 9 are grouped and the quantum cells 9 in each group are charged and
discharged concurrently. In this case, the switching timing determining portion 112
may determine switching timing while the operation time of one cycle is divided
into five. Further in this case, the power sources 13-1 to 13-4 are required to have a

current supply capacity corresponding to the number of quantum cells 9 in one

group.

FIG. 11 is a view illustrating switching timing of the respective switch
portions SW1ba to SW15j. FIG. 11 illustrates switching timing in a case that the

operation time of one cycle is divided into ten.

As illustrated in FIG. 11, the switching timing determining portion 112
determines switching timing for each of the switch portions SW15a to SW15j. Here,
the operation time of one cycle is divided into ten and the switching timing

determining portion 112 determines which switch is tlipped on for each divided slot.

Regarding the switch portion SW15a, for example, in the first divided slot
corresponding to time Ti, the switching timing determining portion 112 causes the
switches Salf, Sals to be flipped on and all the remaining switches to be flipped off
so that the voltage having the voltage value Vi is applied to the quantum cell 9a (see

FIG. 1).

Subsequently, in the second to fifth divided slots corresponding to time T>,
the switching timing determining portion 112 causes the switch Sa2f to be flipped on
and all the remaining switches to be tlipped oft so that the voltage having the
voltage value V2 is applied to the quantum cell 9a (sce FIG. 1).
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Subsequently, in the sixth divided slot corresponding to time T3, the switches
Sa3f, Sa3s are flipped on and all the remaining switches are flipped off so that the
voltage having the voltage value Vs is applied to the quantum cell 9a (see FIG. 1).

Subsequently, in the seventh to tenth divided slots corresponding to time 14,
the switching timing determining portion 112 causes the switch Sa4f to be tlipped on
and all the remaining switches to be flipped off so that the voltage having the
voltage value Vi is applied to the quantum cell 9a (see FIG. 1).

Similarly to the above, the switching timing determining portion 112
determines one cycle switching timing of the switch portions SW15b to SW15j as
well. Here, the switching timing determining portion 112 causes switching timing to
be shifted by one divided slot for each so that connection is temporally shifted for

the respective switch portions SW1ba to SW15j.

Subsequently, the switch flip instructing portion 113 provides, to the switch
flip controller 12, a switch flip instruction based on the switching timing of the
respective switch portions SW15a to SW15j determined by the switching timing
determining portion 112. Then, owing to that the switch flip controller 12 performs
switch tlipping for the switch portions SW15a to SW15j, the conditioning operation
of the quantum cells 9a to 9j is started (5104).

Until the end time of the conditioning operation of the quantum cells 9a to 9j
(5105), the switch flip instruction portion 113 of the control terminal 11 provides a
switch flip instruction of the respective switch portions SW1ba to SW15j to the
switch tlip controller 12. Then, the switch flip controller 12 performs switch flipping.

First, the switch tlip controller 12 causes the switches Salf, Sals of the switch
portion SW1b5a to be tlipped on for the time Ti for applying the voltage having the
voltage value Vi to the quantum cell 9a. At that time, the switch flip controller 12
causes all the switches of other than the switches Salf, Sals of the switch portion
SW15a to be flipped off.

Subsequently, when the time Th elapses after the switches Salf, Sals are
flipped on, the switch tlip controller 12 causes the switches Salft, Sals of the switch

portion SW1ba to be tlipped off. Concurrently, the switch tHip controller 12 causes
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the switch Sa2f of the switch portion SW1ba to be tlipped on for the time T> for
applying the voltage having the voltage value V2 to the quantum cell 9a and the
switch flip controller 12 causes the switches Sblf, Sb1s of the switch portion SW15b
to be flipped on for the time Ti for applying the voltage having the voltage value V;
to the quantum cell 9b.

Subsequently, when the time T elapses after the switches Sb1f, Sbls are
flipped on, the switch flip controller 12 causes the switches Sb1f, Sbls of the switch
portion SW15b to be flipped off. Concurrently, the switch tlip controller 12 causes
the switch Sb2f of the switch portion SW15b to be flipped on for the time T> for
applying the voltage having the voltage value V2 to the quantum cell 9b and the
switch tlip controller 12 causes the switches 5clf, Scls of the switch portion SW15c
(not illustrated in FIG. 11) to be tlipped on for the time T1 for applying the voltage

having the voltage value Vi to the subsequent quantum cell 9c¢.

Further, regarding the switch portion SW15a, when the time T2 elapses after
the switch SaZ2f is flipped on, the switch flip controller 12 causes the switch Sa2f of
the switch portion SW1b5a to be tlipped off. Concurrently, the switch flip controller
12 causes the switch Sa3f, Sa3s of the switch portion SW1ba to be tlipped on for
applying the voltage having the voltage value Vs to the quantum cell 9a.

Subsequently, when the time Ts elapses atter the switches Sa3f, Sa3s of the
switch portion SW1ba are flipped on, the switch flip controller 12 causes the switches
Sa3f, Sa3s of the switch portion SW1ba to be flipped off. Concurrently, the switch
tlip controller 12 causes the switch Sa4f of the switch portion SW1ba to be flipped on
for applying the voltage having the voltage value Vs to the quantum cell 9a and the
switch flip controller 12 causes the switches Sb3f, Sb3s of the switch portion SW15b
to be tlipped on for the time Ts for applying the voltage having the voltage value Vs
to the quantum cell 9b.

Subsequently, when the time Ts elapses after the switch Sa4f of the switch
portion SW1ba is tlipped on, the switch tlip controller 12 causes the switches Salf,
Sals of the switch portion 15a to be flipped on for time Ti for applying the voltage

having the voltage value Vi to the quantum cell 9a.

Thus, after one cycle of switching timing control of the respective switch

portions SW15a to SW15j is completed, the switch tlip controller 12 pertorms one
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subsequent cycle of switching timing control in a cyclic manner until the end time of

the conditioning operation.

F1G. 11 illustrates voltages applied to the quantum cells 9a to 9j and currents
caused to flow due to the voltage applying. A voltage applied to an xth quantum

cell 9 1s denoted as Vx and a current flowing therethrough is denoted as Ix.

In FIG. 11, at the timing of T, the voltage Vi is applied to the quantum cell 9
and a current I (Iipeak = Vgbo/Rgp) flows therethrough. At the timing of Ts, the voltage
Vs is applied to the quantum cell 9 and a current I5 (Ispeak = (Vgbo-V3)/Rep) flows
therethrough.

To facilitate understanding of the operation, Ix is 0 A at the timing of T> and
T4 in FIG. 11. Inreality, a small current is continuously flown by the amount of
charging which is not completed in the period of Ti or the amount of discharging
which is not completed in the period of Ts. However, the current is sufficiently small
compared to I1 and Is. Further, since voltage being applied to the quantum cell 9 is
temporally divided, the current is leveled into a certain constant value. Here, I and

I+ are taken as 0 A accordingly.

FIG. 12 is a view illustrating a waveform of a current flowing on the Vi-force

line. FIG. 13 is a view illustrating a waveform of current flowing on the Vs-force line.

As illustrated in FIGs. 12 and 13, peak positions of the currents flowing on the
Vi-force line and the Vs-force line can be shifted by applying voltages to the plurality
of quantum cells 9 in a temporally divided manner. Accordingly, even though the
conditioning is performed on the plurality of quantum cells 9 concurrently in

parallel, the current peak can be suppressed to the same level in a case with a single

quantum cell 9. Consequently, the power source (V1) 13-1 and the power source (Vs)

13-3 are simply required to have a current supply capacity of I1 and I.
While the conditioning is performed on the quantum cells 9, the failure

monitoring portion 114 of the control terminal 11 monitors whether or not a failure

occurs based on the monitoring result from the power source 13-1 or 13-3.

When a failure occurs, the failure monitoring portion 114 specifies the failed

quantum cell 9 by determining the quantum cell 9 which is connected to the Vi-
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fource line or the Vs-fource line at the failure occurrence time in reference to the

switching timing of the switch portions SW15a to SW15n.

The failure monitoring portion 114 causes the switch flip controller 12 to flip
off all the switches of the switch portion SW15 for the failed quantum cell 9 to

disconnect the failed quantum cell 9 from the power rail 14.
(B-3) Déscription of failure detection process of quantum cell 9

FIG. 21 1s an explanatory view illustrating a failure detection process of the
quantum cell 9 according to the first embodiment. For example, FIG. 21 illustrates a
monitoring result of voltage values of the voltage detected through the Vi-sense line

by the power source (V1) 13-1.

Examples of failures occurring at the quantum cell 9 include an external or
internal short circuit of the quantum cell 9. Here, voltage values are monitored as an
example. Itis also possible to monitor voltage values at the Vi-force line or the
quantum cell 9 and to determine whether or not a failure occurs at the quantum cell

9 based on the voltage values.

As a method to detect failure occurrence, a variety of methods can be widely
adopted. For example, it is possible to adopt a method to set threshold values being
an upper limit value and a lower limit value for failure detection and to determine
that the quantum cell 9 is normal when the detected voltage value is in a range
between the upper limit value and the lower limit value. In this case, it is possible to
determine that the quantum cell 9 fails when the detected voltage value exceeds the
upper limit value or the detected voltage value falls below the lower limit value.
Alternatively, for example, it is possible to adopt a method to set threshold values
being an upper limit value and a lower limit value and to determine that the
quantum cell 9 tails when the detected voltage value is in a range between the upper
limit value and the lower limit value. In this case, it is possible to determine that the
quantum cell 9 is normal when the detected voltage value exceeds the upper limit
value, to determine that the quantum cell 9 fails when the detected voltage value is
between the upper limit value and the lower limit value inclusive, and to determine

that the quantum cell 9 is normal when the detected voltage value falls below the

lower limit value.
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FIG. 21 illustrates a case that a failure occurs at the quantum cell 9b. The
example of FIG. 21 adopts the method to determine that the quantum cell 9 is normal
when the detected voltage value is in the range between the threshold values being
the upper limit value and the lower limit value. In the case that a failure occurs at
the quantum cell 9b, the output voltage is not supplied properly from the power
source (V1) 13-1 and the detected voltage value at the Vi-sense line becomes smaller
than the output voltage value of the power source (Vi) 13-1. In the example of FIG.
21, for example, the failure monitoring portion 114 compares the voltage value
detected at the Vi-sense line to the threshold value being the lower limit value, and
determines whether or not the voltage value detected at the Vi-sense line is below
the threshold value being the lower limit value. Thus, the failure monitoring portion
114 detects failure occurrence at the quantum cell 9b in a case that the detected
voltage value at the Vi-sense line is below the threshold value being the lower limit
value. The failure monitoring portion 114 recognizes switching timing of the
respective switch portions SW15a to SW15n determined by the switching timing
determining portion 112 and recognizes which quantum cell 9 is connected to the Vi-
force line. When failure occurrence is detected based on the detected voltage value
at the Vi-sense line, the failure monitoring portion 114 preserves the detection time
(failure occurrence detection time to in the example of FIG. 21) and specities the
switch portion SW15b to which the Vi-force line is connected at the detection time ton.
Thus, the failure monitoring portion 114 can specify the failed quantum cell 9
(quantum cell 9b in this case). As described above, since the tailure monitoring
portion 114 handles the respective switching timing of the switch portions SW15
connected to the power rail 14, the failure monitoring portion 114 can specity the
quantum cell 9 connected to the power line at the detection time as long as being
capable of recognizing the time at which an abnormal voltage value (or current

value) is detected.

When the failure monitoring portion 114 specifies the failed quantum cell 9b,

the failure monitoring portion 114 provides an instruction to the switch flip
controller 12 to flip off all the switches of the switch portion SW15b, as illustrated in
FIG. 22. Then, the switch flip controller 12 flips off all the switches of the instructed

switch portion SW15b.

Thus, only the failed quantum cell 9b can be disconnected. Here, even it only
the failed quantum cell 9b is disconnected from the power rail 14, the conditioning

can be continued without change on other normal quantum cells 9 connected to the
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power rail 14. That is, since only the failed quantum cell 9b can be disconnected
without stopping operation of the entire conditioning device 1, efficiency of the

conditioning operation can be improved.

Here, when the failed quantum cell 9 is detected, the control terminal 11 may
provide, for example, notification with a sound (e.g., a warning sound such as a
buzz, an audio sound, or the like) for notitying fault detection, notification with
blinking or lighting of an alarm lamp, message displaying (e.g., pop-up displaying
or the like) to notity tault detection on a display of the control terminal 11, or the
like.

Further, in the example of FIGs. 21 and 22, the failed quantum cell 9 is
specified and disconnected from the power rail 14 based on variation of the detected
voltage value at the Vi-sense line. Here, the similar process can be performed based
on variation of the detected voltage value at the Vs-sense line. Further, in a case that
voltage sensing lines are arranged respectively for the Va-force line and the Va-force
line, the similar process can be performed based on variation of detected voltage

values at each of the V2-force line and the Vs-force line
(B-4) Moditied embodiment of first embodiment

FIG. 23 1s a functional block diagram illustrating control functions of a

modified embodiment of the control terminal 11 of the first embodiment.

As 1llustrated in FIG. 23, the control terminal 11 of the modified embodiment
of the first embodiment includes a performance discrimination processing portion
115 in addition to the operational condition setting portion 111, the switching timing

determining portion 112, the switch flip instruction portion 113, and the failure

monitoring portion 114 which are described above.

[

The control terminal 11 of the modified embodiment confirms charge
characteristics and discharge characteristics of the respective conditioning-
completed quantum cells 9 after the conditioning is completed and determines
whether or not charge operation and discharge operation of the respective quantum
cells 9 are activated. Measurement data of the charge characteristics and the

discharge characteristics of the respective quantum cells 9 after the conditioning are

stored in the control terminal 11.
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Examples of the method of measuring the charge characteristics of the
quantum cell 9 include a method with controlling the switch flip controller 12 to
connect the conditioning-completed quantum cell 9 to the V2-force line in FIG. 1, to
flow a current through the quantum cell 9 as applying the charging voltage (V2) to
the quantum cell 9, and to detect temporal change of a capacity of the quantum cell 9
until the quantum cell 9 is fully charged (charged to a predetermined upper limit
capacity); and a method to obtain a charging rate of a capacity of the quantum cell 9
against the predetermined upper limit capacity when a predetermined voltage is
applied to the quantum cell 9 for a predetermined time. Further, examples of the
method of measuring the discharge characteristics of the quantum cell 9 include a
method to obtain a discharging rate of a remaining capacity of the quantum cell 9
against the tully-charged capacity when discharging is performed for a
predetermined time with the charged quantum cell 9. These measurement data are
stored in the control terminal 11 for each quantum cell 9 (or for each switch portion
OW15 to which the quantum cell 9 is connected). For example, in a method of
storing the measurement data, the measurement data may be stored in
correspondence with identification information (e.g., an identification number such

as an ID) of the switch portion SW15 to which the quantum cell 9 is connected.

The performance discrimination processing portion 115 performs
discrimination in accordance with performance of the quantum cells 9 using the
measurement data (charge characteristics, discharge characteristics) of all the
conditioning-completed quantum cells 9. The performance discrimination
processing portion 115 may use either or both of measurement data being the charge
characteristics and the discharge characteristics. Further, for example, it 1s also
possible to perform discrimination on the conditioning-completed quantum cells 9

into a plurality of groups by comparing the measurement data being the charge

characteristics (or the discharge characteristics) to one or a plurality of threshold
values. Owing to such grouping, the quantum cells 9 may be discriminated in

accordance with performance of the charge/discharge characteristics.
(B-5) Ettects of first embodiment

As described above, according to the first embodiment, a plurality of
secondary cells (quantum cells) can be caused to perform charge/discharge operation

at temporally different timing through the power rail. Therefore, the plurality of
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secondary cells can be caused to perform the charge/discharge operation
concurrently in parallel even though a power source having a high current supply

capacity is not arranged.

As a result, since the plurality of secondary cells can be caused to perform
charge/discharge operation concurrently in parallel without requiring an expensive

power source, a circuit required for one quantum cell can be inexpensively prepared.

Further, according to the first embodiment, owing to that electric power is
supplied to a plurality of secondary cells concurrently in parallel in a temporally-
divided manner, the current supply capacity from the power source can be

appropriately leveled.

Further, according to the first embodiment, since temporally-divided power
supply from the power rail can be controlled in timing due to ON/OFF of the switch
portions performed by the control terminal such as a PC, the number of quantum

cells to be operated concurrently in parallel can be increased or decreased easily.

Further, according to the first embodiment, concurrent power supply to a
number of secondary cells in parallel is performed individually from the power rail
via the switch portions. Therefore, even when a failure such as a malfunction occurs
at a certain secondary cell, operation can be continued without causing a problem at
other quantum cells simply by disconnecting the failed quantum cell by causing the

switch portion to be OFF with control of the control terminal such as a PC.
(C) Second embodiment

Next, a charging/discharging device according to a second embodiment will

be described in detail with reference to the drawings.
The second embodiment exemplifies a case that the charging/discharging
device of the present invention is applied to a charge/discharge testing device which

performs a charge/discharge test on a plurality of quantum cells concurrently in

parallel.

(C-1) Structure of second embodiment
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FIG. 14 is a structural view illustrating a structure ot a charge/discharge
testing device of the second embodiment. In FIG. 14, a charge/discharge testing
device 2 of the second embodiment includes a control terminal 21, a switch flip

controller 22, a power source 23, a power rail 24, switch portions SW25a to SW25n,

and a loading device 26.

The charge/discharge testing device 2 pertorms charge/discharge test
operation on a plurality of quantum cells 9 (9a to 9n). The number of test objects tor
the charge/discharge test is not specifically limited. The present embodiment
exemplifies a case that the charge/discharge testing device 2 performs the

charge/discharge test on the quantum cells 9a to 9n concurrently in parallel.

The power source 23 charges the quantum cells 9a to 9n. The power source 23
is connected to the control terminal 21 and charges the quantum cells 9a to 9n via the

power rail 24 under control of the control terminal 21.

For example, any of a CC charging method, a CC-CV charging method, a CV
charging method, and the like may be adopted as the charging method of the power
source 23. Here, it is also possible to switch an operational mode of the charging
method. Naturally, the charging method of the power source 23 is not specifically
limited. A variety of existing charging method or extended method thereof may be
widely adopted. For example, in the CC charging method, as illustrated in FIG.
15(A), a voltage is heightened with time while a current value supplied to the
quantum cells 9 is kept constant and charging is performed until a predetermined
time passes. Further, for example, in the CC-CV charging method, as illustrated in
FIG. 15(B), a voltage 1s heightened with a current value kept constant, the voltage is
kept constant at a certain voltage value after arriving thereat, and charging is
performed for a predetermined time or until a current value becomes to a certain

value or less.

The loading device 26 may adopt a current source, a slide resistor, an
electronic loading circuit, or the like to absorb electric power from the discharging

quantum cells 9a to 9n via the power rail 24.

Further, the loading device 26 has a regeneration function to absorb electric
power discharged by the quantum cells 9 via a current load line and to regenerate

the discharged electric power to the power source 23.
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As illustrated in FIG. 14, all the quantum cells 9 being the test objects are
connected to the current load line and a resistance load line. The loading device 26
can absorb a direct current output by any of the quantum cells 9 via the current load
line and regenerate the discharged electric power using the direct current. That is,
for regenerating the discharged electric power in the charge/discharge testing device
2, the discharged electric power can be transferred among the plurality of quantum

cells 9 being the test objects.

For example, conventionally, in some charge/discharge testing devices which
perform charge/discharge test on two test objects (e.g., lithium ion secondary cells)
concurrently in parallel, discharged electric power is transferred within a pair being
the two test objects. In contrast, in the charge/discharge testing device 2 of the
present embodiment, the discharged electric power can be transferred among all the

quantum cells 9 via the current load line not between specific quantum cells.

Further, since the loading device 26 can regenerate a direct current output by
the quantum cells 9 as it is, it is not required to arrange an inverter for converting

into an alternate current required for a conventional charge/discharge testing device.

Here, a variety of existing discharging methods may be widely adopted as a
discharging method of the loading device 26. For example, it is possible to adopt a
CC discharging method, an R discharging method, or the like. It is also possible to
switch an operational mode of the discharging method. In the CC discharging
method, as illustrated in FIG. 16(A), discharging is completed when the voltage
becomes to have a value or lower while the current value discharged from the
quantum cell 9 is kept constant. In the R discharging method, as illustrated in FIG.
16(B), electric power is absorbed from the quantum cell 9 while the resistance value

of the loading device 26 is kept constant.

The power rail 24 is a bundle of a plurality of power lines to which the power
source 23 and the loading device 26 are connected. The power rail 24 includes a
current supply line, a voltage sensing line at the supply side, and a voltage supply
line which are connected to the power source 23. The power rail 24 also includes a

current load line, a voltage sensing line at the load side, and a resistance load line

which are connected to the loading device 26.
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The current supply line and the voltage supply line are power lines for
charging to supply voltages to the quantum cells 9 from the power source 23 for
charge operation. The current load line and the resistance load line are power lines
for discharging to supply discharge electric power discharged from the quantum

cells 9 to the loading device 26.

The voltage sensing line at the supply side and the voltage sensing line at the
load side are power lines for detecting voltages at contacting points with the

quantum cells 9.

The switch portions SW25a to SW2bn are arranged between the power lines
structuring the power rail 24 and the quantum cells 9a to 9n being the test objects, so
that switch flipping is performed under control of the switch flip controller 22. Each
of the switch portions SW25a to SW25n includes six switches. For example, switches

arranged in the switch portion SW25a are indicated as switches Sal to Saé.

The control terminal 21 controls operation of the charge/discharge test. The
control terminal 21 performs setting of a test operation, instructing of switch flip for
the switch flip controller 22, displaying of test results of the charge/discharge test,
and the like. Here, similarly to the first embodiment, a personal computer may be
adopted as the control terminal 21. In a case that the charging/discharging device 2
is formed into a device of a single unit, the control terminal 21 may be a control unit

as a component of the charging/discharging device 2.

FIG. 17 1s a functional block diagram illustrating control functions of
charge/discharge operation actualized by the control terminal 21. In FIG. 17, the
control terminal 21 mainly includes a test condition setting portion 211, a switching
timing determining portion 212, a switch flip instructing portion 213, and a failure

monitoring portion 214.

The test condition setting portion 211 sets test conditions tor the

charge/discharge test operation based on a user operation.

Here, examples of the test conditions include setting of a charging method
and a discharging method, setting of a voltage value, a current value, and the like for
the charge/discharge test, setting of a charging time and a discharging time for the

charge/discharge test, and the number of test objects.
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The switching timing determining portion 212 determines switching timing of
the switches which are tlipped by the switch tlip controller 22 based on the

operational conditions set by the test condition setting portion 211.

The switching timing of the switches is determined by the switching timing
determining portion 212 so that charge operation and discharge operation of the
quantum cell 9 being the test object are performed at timing temporally different

from timing of charge operation and discharge operation of other quantum cells 9.

The switch flip instructing portion 213 provides an instruction of switch
flipping to the switch flip controller 22 based on the switching timing determined by

the switching timing determining portion 212.

Similarly to the first embodiment, the failure monitoring portion 214 monitors
presence or absence of a failure such as a malfunction of the quantum cell 9 as
monitoring voltages via the voltage sensing line at the supply side and the voltage
sensing line at the load side. In a case that a failure occurs, the failure monitoring
portion 214 causes all the switch portions SW25 which are connected to the failed
quantum cell 9 to be tlipped off. Thus, the failed quantum cell 9 can be disconnected

from the power rail 24.
(C-2) Operation of second embodiment

Next, the charge/discharge test operation of the quantum cell 9 to be
performed by the charge/discharge testing device 2 of the second embodiment will

be described in detail with reference to the drawings.

FIG. 18 is a flowchart illustrating the operation of the charge/discharge test
process on the quantum cell 9 to be performed by the charge/discharge testing

device 2 of the second embodiment.

First, the quantum cells 9 being test objects are connected to connection

terminals of the corresponding switch portions SW25 in the charge/discharge testing

device 2.
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For performing the charge/discharge test of the quantum cells 9, a user inputs
test conditions as operating the control terminal 21. In the control terminal 21, the

test condition setting portion 211 sets the input test conditions (5201).

The test conditions include setting of the charging method and the
discharging method. The present embodiment exemplifies a case to set the CC-CV
charging method and the CC-discharging method. Naturally, not limited to the CC-
CV charging method and the CC-discharging method, it is also possible to widely
adopt a charging method and a discharging method used for another
charge/discharge test as in a case of adopting, for example, the CC charging method
and the R discharging method, or the like. Further, a constant current set value and

a constant voltage set value are set as the test conditions.

Here, the starting order of the charge/discharge test of the quantum cells 9
may be determined in advance or may be determined with user’s operation. In the
present embodiment, for the sake of explanatory convenience, the charge/discharge

test is to be performed in the order of a quantum cell 9a, a quantum cell 9b, a

quantum cell 9¢, ... .

Further, as the test conditions, an operational mode of the charge/discharge
test is set. Here, the operational mode of the charge/discharge test includes a
charging/discharging synchronization mode and a charging/discharging non-

synchronization mode.

In the charging/discharging synchronization mode, the charge/discharge
operation of a certain quantum cell 9 is completed as performing discharge
operation after charge operation is completed, while charge operation of another
quantum cell 9 is started when the charge operation of the abovementioned

quantum cell 9 1s completed.

In the charging/discharging non-synchronization mode, the charging time
and the discharging time are determined in advance. Here, when the charging time
for a certain quantum cell 9 passes, discharging of the quantum cell 9 1s performed
and charge operation of another quantum cell 9 is started. In the
charging/discharging non-synchronization mode, it is required to set the charging
time and the discharging time. Here, it 18 preferable that the charging time and the

discharging time are the same in length. However, since self-discharging occurs
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when being switched to the discharge operation after the charge operation, it is

considered that slight difference between the charging time and the discharging time

does not intluence to the test results.

In the charge/discharge test operation of the present embodiment, charging
(or discharging) of one quantum cell 9 and charging (or discharging) of another
quantum cell are performed at different timing. As described above, the
charging/discharging synchronization mode and the charging/discharging non-
synchronization mode are exemplified as the operational mode of the present
embodiment. However, the operational mode is not limited to the above as long as
charging (or discharging) of a plurality of quantum cells 9 is performed at different
timing.
[0153] In the control terminal 21, the switching timing determining portion 212
determines switching timing of switches of the switch portions SW25a to SW25n
based on the setting of the test conditions (5202). Subsequently, in the
charge/discharge testing device 2, when the charge/discharge test is started (5203),
the switch flip instructing portion 213 provides an instruction of switch flipping to
the switch flip controller 22. Then, the charge/discharge test is performed until the
charge/discharge test is completed on all the quantum cells 9 (5204).

FIG. 19 is an explanatory view illustrating switching timing of the switch
portions SW25a to SW25c. FIG. 19 illustrates an example in which the CC-CV
charging method and the CC discharging method are adopted as the
charging/discharging method and the charging/discharging non-synchronization

mode is adopted as the operational mode.

In FIG. 19, since the CC-CV charging method is adopted as the charging
method, the voltage is heightened with a constant current set value Io, and when the
voltage reaches a constant voltage set value Vo, charging is performed for a
predetermined time with the voltage kept at constant. For example, when charge
operation is performed on the quantum cell 9a, switches Sal, Sa2, Sa3 of the switch

portion SW2ba are flipped on and the remaining switches thereof are kept off.

Subsequently, when the charge operation of the quantum cell 9a is completed,
the quantum cell 9a 1s switched to perform the discharge operation of the CC
discharging method while a quantum cell 9b being the next test object is switched to

perform the charge operation. The constant current set value of the CC discharging
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method is denoted as [4. At that time, the switches Sal, Sa2, Sa3 of the switch
portion SW25a for the quantum cell 9a are flipped oft and switches Sa4, Sa5, Sa6
thereof are tlipped on. Further, switches Sb1, Sb2, S5b3 of the switch portion SW25b
for the quantum cell 9b are flipped on and the remaining switches thereof are kept
off.

Thus, the charge/discharge operation is performed at different timing such
that, when the charge operation of a certain quantum cell 9a is completed, the charge
operation of another quantum cell 9b is started. Accordingly, even though the
charge/discharge testing device 2 is not provided with a high current supply
capacity, the charge/discharge test can be performed on the plurality of quantum

cells 9 concurrently in parallel.

FIG. 20 includes views for comparing the charge operation with the
charge/discharge testing device 2 of the second embodiment to conventional charge
operation. FIG. 20 exemplifies a case of the charge operation. Similar results can be

obtained in a case of the discharge operation.

FIG. 20(A) 1llustrates currents supplied to quantum cells in a conventional
case of charging the plurality of quantum cells concurrently in parallel. FIG. 20(B)
illustrates currents supplied to quantum cells in a case that the charging/discharging
device 2 of the second embodiment charges the plurality of quantum cells

concurrently in parallel.

In the conventional case in FIG. 20(A), a charge/discharge testing device is
required to have a current supply capacity of N x lo for charging N pieces of
quantum cells 9 concurrently in parallel. Here, Io denotes a constant current set

value. In contrast, the charge/discharge testing device 2 of the second embodiment

performs charge operation with the operational timing shifted for each quantum cell
9. Accordingly, since the current supplied to the quantum cells 9 is leveled as
illustrated in FIG. 20(B), it is not required for the charge/discharge testing device 2 to

have a high current supply capacity.

In a case of FIG. 20(A), charging is performed concurrently on all the N pieces
of quantum cells 9 and a charging time is denoted as To. In a case of FIG. 20(B), a
charging time is longer than the conventional case. Here, evaluation is performed on

the total current supply capacity for charging the N pieces of quantum cells 9. In the
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conventional case, the N pieces of quantum cells 9 are concurrently charged. The
current supply time becomes to To and the current supply capacity becomes to N x o
x To. In contrast, in a case of the second embodiment, the current supply capacity
becomes to N x Io x (To ~Ta) as Ta denoting temporal overlap with the charge
operation of another quantum cell 9 in FIG. 20(B). Here, (To — Ta) <To is satisfied.
Accordingly, the total current supply capacity is considered to be similar to that in

the conventional case.

Further, in a conventional charge/discharge test for being performed on a
plurality of quantum cells 9 concurrently in parallel, it is required that all the
quantum cells 9 being test objects are concurrently set to a charge/discharge testing
device. In contrast, with the charge/discharge testing device 2 of the second
embodiment, since operational timing of the charge/discharge operation is shifted,
all the quantum cells 9 are not necessarily set from the beginning of the test. Further,
the quantum cell 9 after completion of the test therefor can be detached, so that
flexibility of testing in parallel is improved. That is, the charge/discharge testing
device 2 of the second embodiment is advantageous for continuously manufacturing

quantum cells 9.

Here, similarly to the first embodiment, the failure monitoring portion 214 of
the control terminal 21 monitors whether or not a failure such as a malfunction
occurs at the quantum cells 9. When a failure occurs, the failure monitoring portion
214 discontinues all connections in the switch portion SW25 to which the quantum

cell 9 is connected to disconnect the quantum cell 9 from the power rail 24.
(C-3) Regeneration operation of charge/discharge testing device 2

FI1G. 23 is a functional block diagram illustrating control functions of
conditioning operation actualized by the modified control terminal 11a. In FIG. 23,
the modified control terminal 11a mainly includes an operational condition setting
portion 111a, a switching timing determining portion 112a, a switch flip instructing
portion 113a, a failure monitoring portion 114a and a performance discrimination

processing portion 115a.

The operational condition setting portion 111 sets operational conditions for
the conditioning operation based on a user operation. Here, the setting of the

operational conditions may be performed based on information input through the
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user operation. Alternatively, the setting may be performed by selecting from a
plurality of previously-set operational conditions as previously described with
respect to FIG. 9.

Next, description will be provided on operation of the charge/discharge

testing device 2 according to the second embodiment to regenerate electric power

discharged from the quantum cell 9.

FIG. 24 1s an explanatory view illustrating regeneration operation of electric
power discharged from the quantum cell 9 in the charge/discharge testing device 2

of the second embodiment.

In FIG. 24, the charge/discharge testing device 2 of the second embodiment
includes a storage portion 27 which stores electric power discharged from the
quantum cell 9. A variety of elements or devices, such as a capacitor and a storage
cell, can be adopted as the storage portion 27 as long as being capable of storing
electric power. Further, the storage portion 27 may be mounted in the power source
23 or separately arranged between the loading device 26 and the power source 23, as
long as being capable of storing regenerated electric power flowing from the

quantum cell 9 to the loading device 26.

As illustrated in FIG. 24, discharged electric power (discharged current) from
the quantum cell 9 flows to the loading device 26 through the current load line and
the resistance load line. Charges tlown to the loading device 26 are temporarily
stored at the storage portion 27. The power source 23 uses the regenerated electric
power stored at the storage portion 27 as a part of charge electric power. Thus, the
discharged electric power from the quantum cell 9 can be transterred among the

quantum cells 9, so that an electricity amount of the power source 23 can be reduced.

Here, since the discharged electric power from the quantum cell 9 to
the loading device 26 is direct-current electric power, it is not required to arrange a
power conversion device (e.g., an inverter, or the like) to convert alternate-current
electric power to direct-current electric power. Since the discharged electric power
from the quantum cell 9 is direct-current electric power and power conversion from
alternate-current electric power to direct-current electric power is not required, the
discharged electric power from the quantum cell 9 can be continuously used as

regeneration electric power. Charge electric power is supplied from the power
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source 23 to each quantum cell 9 under switching control of the switch portions
SW25a to SW25bn. Here, the power source 23 can regenerate the discharged (direct
current) electric power from the quantum cell 9 stored at the storage portion 27 as a
part of charge electric power for another quantum cell 9 approximately at the same
timing without performing power conversion. Thus, the power source 23 can
regenerate discharged electric power from a certain quantum cell 9 as a part of

charge electric power for another quantum cell 9 approximately at the same timing.

Further, the power source 23 may adjust charge electric power value so that
regenerated electric power of the storage portion 27 is preferentially used. For
example, the power source 23 may evaluate an electric power value of the storage
portion 27 and set an electric power value being a difference between an electric
power value required for charging the quantum cell 9 and the electric power value
of the storage portion 27 as a charge electric power value. According to the above,
an electricity amount of the power source 23 can be etfectively reduced while

regenerated electric power can be etfectively used.
(C-4) Moditied embodiment of second embodiment

FIG. 25 1s a functional block diagram illustrating control functions of the

control terminal 21 of a moditied embodiment of the second embodiment.

As illustrated in FIG. 25, the control terminal 21 of the modified embodiment
of the second embodiment includes a performance discrimination processing portion
215 in addition to the test condition setting portion 211, the switching timing
determining portion 212, the switch flip instructing portion 213, and the failure

monitoring portion 214 which are mentioned above.

The control terminal 21 of the modified embodiment stores test conditions for
a charge/discharge test of the respective quantum cells 9 and test results of the
respective quantum cells 9. Specifically, for example, the control terminal 21 stores
charge/discharge test conditions such as a charging method, a discharging method, a
set voltage value and a set current value of the power source 23, a charging time for
each quantum cell 9, a discharging time for each quantum cell 9, and switching
timings of charge operation and discharge operation as well as test data such as

measurement data (voltage values, current values, and electric power) in charging of
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each quantum cell 9 being a test object and measurement data (voltage values,

current values, and electric power) in discharging thereof.

The control terminal 21 may sequentially record, as the test data, values via
voltage sensing line in the power rail 24 (or may be a line capable of measuring a
current value although FIG. 24 illustrates a voltage sensing line) for charge operation
and a voltage sensing line therein (or may be a line capable of measuring a current
value although FIG. 24 illustrates a voltage sensing line) for discharge operation.
Alternately, the control terminal 21 may record values sampled for each
predetermined sampling time. According to the above, the control terminal 21 can
store measurement data over the charging time and measurement data over the

discharging time of the respective quantum cells 9.

The performance discrimination processing portion 215 analyzes charge
characteristics and discharge characteristics of the respective quantum cells 9 based
on the test results of all the charge/discharge-tested quantum cells 9 and performs
discrimination in accordance with performance of the quantum cells 9 using the
charge characteristics and the discharge characteristics. The charge characteristics
and the discharge characteristics may be obtained with the method described in the
first embodiment. The performance discrimination processing portion 215 may use
measurement data of either or both of the charge characteristics and the discharge
characteristics. For example, it is also possible to perform discrimination on the
charge/discharge-tested quantum cells 9 into a plurality of groups by comparing the
measurement data being the charge characteristics (or the discharge characteristics)
to one or a plurality of threshold values. Owing to such grouping, the quantum cells
9 may be discriminated in accordance with performance of the charge/discharge

characteristics.

(C-5) Eftects of second embodiment

As described above, according to the second embodiment, since electric
power can be supplied to quantum cells from a power rail via switch portions, a

circuit required for one quantum cell can be structured inexpensively.

Further, according to the second embodiment, electric power is supplied to a
plurality of quantum cells concurrently in parallel in a temporally-divided manner,

the current supply capacity from the power source can be appropriately leveled.
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Further, according to the second embodiment, since temporally-divided
power supply from the power rail can be controlled in timing due to ON/OFF of the
switch portions performed by the control terminal such as a PC, the number of

quantum cells to be operated concurrently in parallel can be increased or decreased

easily.

Further, according to the second embodiment, concurrent power supply to a
number of quantum cells in parallel is performed individually from the power rail
via the switch portions. Therefore, even when a failure such as a malfunction occurs
at a certain quantum cell, operation can be continued without causing a problem at
other quantum cells simply by disconnecting the failed quantum cell by causing the

switch portion to be OFF with control of the control terminal such as a PC.

According to the second embodiment, since the charge/discharge operation is
temporally shifted among a plurality of quantum cells, flexibility of testing in

parallel is improved.

Further, according to the second embodiment, power of a current power

source to be discharge load can be continuously regenerated.

(D) Other embodiments

(D-1) In the abovementioned first and second embodiments, description is
provided as an example on a case that a plurality of secondary cells are connected, in
parallel, to the power rail being the power line group and electric power is supplied
and consumed as temporally switching the switching portions. However, the

present invention can be applied to a structure described below.

For example, as a first group denoting a plurality of secondary cells connected
to the power line group (power rail) as having the same polarities, a plurality of
secondary cells being a second group having polarities opposite to those of the first

group may be connected to the power line group (power rail) instead of the first

group.

Further, for example, it is also possible that the first groups are connected, in

parallel, to the power line group (power rail) and switching control of the switch
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portions is performed for each group. Further, for example, it is also possible that
the second groups are connected, in parallel, to the power line group (power rail)
and switching control of the switch portions is performed for each group. Further,
for example, 1t is also possible that one or a plurality of the first groups and one or a
plurality of the second groups are serial-connected or parallel-connected to the
power line group (power rail) and switching control of the switch portions is

performed for each group.

In a case with the connection structure exemplified above, the switching
control of the switch portions can be performed for each group. Then, the power
source performs power supplying or power consuming at the same timing. Here,
the power source may have a current supply capacity corresponding to the number
of secondary cells to be connected at the same timing. Thus, the current supply
capacity of the power source can be suppressed compared to the related art in which

a plurality of secondary cells are concurrently charged and discharged.

(D-2) In the abovementioned second embodiment, description is provided on
a case of adopting the CC-CV charging method and the CC discharging method.
However, the combination of a charging method and a discharging method is not
limited to the above. For example, another combination such as the CC charging
method and the R discharging method can be adopted as long as overlapping of

supply current of the power source or the loading device can be suppressed.

(D-3) The present invention can be widely applied to a device which performs
testing, evaluating, examining, and the like on a plurality of quantum cells 9 while
causing the quantum cells 9 to perform charge/discharge operation concurrently in
parallel. For example, the present invention can be applied to a conditioning device,
a charge/discharge testing device, an aging testing device, a charge/discharge cycle
testing device to evaluate characteristic deterioration of a quantum cell 9 with charge
operation and discharge operation of the quantum cell 9 repeatedly performed, and
the like. According to the present invention, it is possible to perform switching of an
operational mode of evaluation of quantum cells 9 in conditioning, charge/discharge
testing, aging testing, or charge/discharge cycle testing. Further, it is possible to
discriminate a failed quantum cell 9 detected in each evaluation stage and to
discriminate a quantum cell 9 based on performance of charge characteristics,
discharge characteristics and the like. Further, the present invention can be applied

to a case of performing testing, evaluating, examining, and the like while only
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charge operation is performed on a plurality of quantum cells 9 concurrently in
parallel or only discharge operation is performed by a plurality of quantum cells 9

concurrently in parallel.
(D-4) Application to charge/discharge cycle testing device

As described above, the charging/discharging device of the present invention
can be applied to a charge/discharge cycle testing device to evaluate characteristic
deterioration of a quantum cell 9. The structure ot FIG. 24 described in the second
embodiment can be adopted as a structure for applying the charging/discharging
device of the present invention to a charge/discharge cycle testing device. In a case
that the present invention is applied as a charge/discharge cycle testing device,
conditions for charge/discharge cycle testing include the number of cycles of
repeating charge operation and discharge operation in addition to the test conditions
described in the second embodiment.

[0188] According to that the present invention is applied to a charge/discharge cycle
testing device, following effects can be obtained in addition to the effects due to the

charging/discharging device 2 described in the second embodiment.

FIG. 26 1s a view illustrating a test result (one-cycle waveform) of a
charge/discharge cycle test of a lithium ion secondary cell in the related art (a
technology disclosed in Japanese Patent Application Laid-Open No. 2010-287512).
FIG. 26 illustrates an example that each of a charging time and a discharging time is
set to ten seconds and a rest time between charging and discharging is set to ten
minutes. As illustrated in FIG. 26, in the conventional charge/discharge cycle test of
a secondary cell (lithium secondary cell), a charging voltage and a discharging
voltage are applied while the center voltage (reference voltage) is set to 3.5 V. In a

case of performing charging, since the voltage obtained by adding the charging

voltage amount to the center voltage is applied, the current value of the secondary
cell becomes large. In a case that a charge/discharge cycle test is performed on a
plurality of secondary cells concurrently in parallel, current values of the plurality of
secondary cells are overlapped and the current value of the secondary cells are
increased in accordance with the number of secondary cells on which the
charge/discharge cycle test 1s performed concurrently in parallel. Accordingly, the

power source 1s required to have an extremely large current supply capacity.
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[n contrast, in a case that the present invention is applied to a
charge/discharge cycle testing device, since charge operation and discharge
operation can be performed with switching of the switch portions SW25, the center
voltage (reference voltage) can be set to 0 V. Thus, since the charging voltage is
applied with reference to 0 V being the center voltage (reference voltage), the current
value of a secondary cell 9 can be suppressed compared to the related art. Further,
even in a case of performing on a plurality of secondary cells 9 concurrently in
parallel, charge operation and discharge operation are repeatedly performed with
switching of the switch portions SW25. Therefore, overlapping of the current of the
plurality of secondary cells 9 can be avoided or suppressed. Accordingly, it is
possible to arrange a power source to have smaller current supply capacity than that

in the related art.

The scope of the claims should not be limited by the preferred embodiments
set forth in the examples, but should be given the broadest interpretation consistent

with the description as a whole.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A charging/discharging device which causes a plurality of charge/discharge
members to perform, concurrently in parallel, charge operation and discharge
operation with each of the charging and discharging operations including a plurality
of charge/discharge members, comprising:

a power unit;

a plurality of power lines for charging to provide, to the plurality of
charge/discharge members, electric power supplied from the power unit;

a plurality of power lines for discharging to provide, to the power unit,
electric power discharged from the plurality of charge/discharge members,

the power unit applying voltages having a plurality of mutually-different
voltage values via the plurality of power lines for charging and the plurality of
power lines for discharging;

a plurality of connection switching units which switch connection of the
plurality of charge/discharge members with the power lines for charging and the
power lines for discharging as being interposed respectively between the plurality of
charge/discharge members and each of the power lines for charging and the power
lines for discharging; and

a switching control unit which controls switching of connection of the
plurality of connection switching units so that the respective charge/discharge
members are connected cyclically in predetermined order to the plurality of power

lines for charging and the plurality of power lines for discharging.

2. The charging/discharging device according to claim 1,

wherein the switching control unit switches connection of the plurality of
connection switching units at timings defined by dividing one cycle time for cyclic
connection with the plurality of power lines for charging and the plurality of power

lines for discharging by a total number of the charge/discharge members.

3. A charging/discharging device which performs, concurrently in parallel,
charge operation and discharge operation on a plurality of charge/discharge
members, comprising: '

a power line group including a power line for charging and a power line for
discharging connected to a power unit which supplies electric power having a

plurality of mutually different values;
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a plurality of connection switching units which connect the power line group
to the respective charge/discharge members for each charge/discharge member; and

a switching control unit which controls switching ot the plurality of
connection switching units so that maximum electric power values of charge electric
power supplied to the respective charge/discharge members via the power line for
charging and maximum electric power values ot discharge electric power supplied
to the respective charge/discharge members via the power line for discharging are
not temporally overlapped among a part or all of the plurality of charge/discharge

members.

4. A charging/discharging device which performs, concurrently in parallel,
charge operation and discharge operation on a plurality of charge/discharge
members, comprising:

a power line group including a power line for charging connected to a power
unit and a power line for discharging connected to a loading unit;

a plurality of connection switching units which connect the power line group
to the respective charge/discharge members for each charge/discharge member; and

a switching control unit which controls switching of the plurality of
connection switching units so that maximum electric power values of charge electric
power supplied to the respective charge/discharge members via the power line for
charging and maximum electric power values of discharge electric power from the
respective charge/discharge members via the power line for discharging are not
temporally overlapped among a part or all of the plurality of charge/discharge

members.

5. The charging/discharging device according to any one of claims 1 to 3,
wherein the switching control unit controls switching of the plurality of
connection switching units so that instant high charge electric power being higher
than charge electric power is instantly supplied to the charge/discharge members
respectively right before supplying the charge electric power, instant high discharge
electric power being higher than discharge electric power is instantly supplied to the
charge/discharge members respectively right before supplying the discharge electric
power, and the instant high charge electric power and the instant high discharge

electric power are not overlapped among the plurality of charge/discharge members.

6. The charging/discharging device according to claim 3 or claim 4,
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wherein the switching control unit controls switching of the plurality of
connection switching units cyclically in predetermined order at timings defined by
dividing one cycle time of the charge operation and the discharge operation of the
plurality of charge/discharge members by a total number of the charge/discharge

members.

7. The charging/discharging device according to any one of claims 1 to 6,
wherein the switching control unit switches connection of the plurality of

connection switching units at temporally different timings.

8. The charging/discharging device according to any one of claims 1 to 7, further
comprising:

a sensing line which detects voltage values of the plurality of
charge/discharge members; and

a control unit which detects a failure of each of the charge/discharge members
based on the detected voltage values by the sensing line, which specities a failed
charge/discharge member in light of comparison between timing of failure detecting
of the charge/discharge member and timing of switching in predetermined order
under switching control of the connection switching units due to the switching
control unit, and which instructs the switching control unit to disconnect the

connection switching unit connected to the failed charge/discharge member.

9. The charging/discharging device according to any one of claims 4, 6, 7, and 8,
further comprising a storing unit which stores direct-current discharge electric
power from the respective charge/discharge members,

wherein the power unit regenerates the electric power stored at the storing

unit as charge electric power for the respective charge/discharge members.

10.  The charging/discharging device according to claim 8,

wherein the control unit pertforms discrimination in accordance with
performance of the plurality of charge/discharge members based on charge
characteristics and/or discharge characteristics of the plurality of charge/discharge

members.

11.  The charging/discharging device according to any one of claims 1 to 10,

P15240CA00/1h
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wherein the power line group includes a charging voltage sensing line and a
discharging voltage sensing line to detect voltage values at contact points with the
respective charge/discharge members,

the power unit monitors the voltage values at the contact points with the
respective charge/discharge members via the charging voltage sensing line and the
discharging voltage sensing line and performs voltage adjusting based on the

voltage values at the contact points with the respective charge/discharge members.

12.  The charging/discharging device according to any one of claims 1 to 11,
wherein the power line for charging and the power line for discharging
through which a large current flows from the power unit is provided with the
charging voltage sensing line and the discharging voltage sensing line, and
the power line for charging and the power line for discharging through which
a small current flows from the power unit is not provided with the charging voltage

sensing line and the discharging voltage sensing line.

P15240CA00/Ih
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