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(57) Abrege(suite)/Abstract(continued):
predetermined time period passes, sends the calculated target total voltage to each slave battery pack, compares the target total

voltage with Iits total voltage, and then connects or disconnects its cell group and output terminals according to the comparison
result. The slave battery packs include at least one slave battery pack, which sends its total voltage according to a request of the
master battery pack, receives a target total voltage from the master battery pack, compares the target total voltage with its total
voltage, and then connects or disconnects its cell group and output terminals according to the comparison result.
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(57) Abstract: A multi battery pack system is composed of a plurality of battery packs. The master battery pack receives a total
voltage from each slave battery pack and calculates a target total voltage using its total voltage and total voltages of all slave battery
pack whenever a predetermined time period passes, sends the calculated target total voltage to each slave battery pack, compares
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voltage, and then connects or disconnects its cell group and output terminals according to the comparison result.
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MULTI BATTERY PACK SYSTEM, CONTROL METHOD

[1]

[2]

3]

4]

5]

6]

THEREOF, AND BATTERY PACK USING THE SAME
Technical Field

The present invention relates to a battery pack, and more particularly to a muiti
battery pack system composed of a plurality of battery packs, its control method, and a

battery pack using the same.
Background Art

Generally, a portable electronic device such as a cellular phone, notebook or digital
camera employs a battery pack including a plurality of chargeable cells as a power
source. In recent years, a multi battery pack system having a plurality of battery packs
connected in parallel has been proposed, which provides so sufficient capacity to ensure
stable operation of the portable electronic device and allows application to various kinds
of portable electronic devices.

However, the multi battery pack system has a problem of difficult control since it 1s
configured so that the number of battery packs included therein 1s changeable.

In order to solve the problem, various schemes have been proposed. For example,
Japanese Patent No. 3405526 discloses a multi battery pack power unit. In the multi
battery pack power unit, each of the multiple battery packs include a plurality of cells
and a circuit for detecting a charging/discharging state and controlling the
charging/discharging, wherein one battery pack is set as a master battery pack and the
other are set as slave battery packs. The master battery pack requests transmission of
data indicating the charging/discharging state to the slave battery packs by means ot

communication, manages whole data, determines the charging/discharging state, sends a

command, and controls the charging/discharging. On the while, the slave battery packs

send data indicating the charging/discharging state according to the data request, receive

the command, and conduct the charging/discharging.

According to the above document, the master battery pack controls
charging/discharging of the plurality of slave battery packs. Thus, as the number of
slave battery packs is increased, more loads are applied to the battery pack set as a
master.

Accordingly, there is an urgent need for a multi battery pack system, which is

capable of allowing control of numerous slave battery packs without increasing loads on

a master battery pack.
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Summary of the Invention

[ 7] [t 1s desirable to solve the problems of the prior art, and to provide a multi battery pack
capable of allowing control of numerous slave battery packs without increasing loads on a

master battery pack of the mult1 battery pack system, its control method, and a battery pack

using the same.

[7a] In one aspect of the present invention, there 1s provided a master battery pack
communicating with at least one slave battery pack in multi battery pack, comprising: a cell
group composed of a plurality of cells connected in series; a voltage detection circuit for
sensing a voltage of each of the plurality of cells and outputting a total voltage ot the master
battery pack; a switching unit for connecting or disconnecting the cell group and output
terminals; and a controller configured for receiving a total voltage of at least one slave
battery pack and the total voltage output of the master battery pack from the voltage
detection circuit to calculate a target total voltage, sending the calculated target total voltage
to each slave battery pack, comparing the calculated target total voltage with the total voltage
of the master battery pack, and then controlling the switching unit according to the
comparison result.

[7b] In another aspect of the present invention, there is provided a slave battery pack
communicating with a master battery pack including a controller which calculates a target
total voltage in multi battery pack, comprising; a cell group composed of a plurality of cells
connected in series; a voltage detection circuit for sensing a voltage of each of the plurality of
cells and outputting a total voltage of the slave battery pack; a switching unit for connecting
or disconnecting the cell group and output terminals; and a controller configured for
receiving the total voltage output of the slave battery pack from the voltage detection circuit
according to a request of the master battery pack and sending the total voltage of the slave
battery pack to the master battery pack, receiving a target total voltage from the master

battery pack and comparing the target total voltage with the total voltage of the slave battery

pack, thereby controlling the switching unit according to the comparison result.

[7¢] In another aspect of the present invention, there is provided a multi battery pack system
including: a master battery pack configured to receive a total voltage from each slave battery
pack and calculate a target total voltage using a total voltage of the master battery pack and

total voltages of all slave battery pack whenever a pre-determined time period passes, send
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the calculated target total voltage to each slave battery pack, compare the target total voltage
with the total voltage of the master battery pack, and then connect or disconnect a cell group
of the master battery pack and output terminals according to the comparison resuit; and a
plurality of slave battery packs including at least one slave battery pack configured to send a
total voltage of the slave battery pack according to a request of the master battery pack,
receive a target total voltage from the master battery pack, compare the target total voltage
with the total voltage of the slave battery pack, and then connect or disconnect a cell group of
the slave battery pack and output terminals according to the comparison result.

In another aspect of the present invention, there is provided a control method for a multi
battery pack system including a master battery pack and at least one slave battery pack
communicated with the master battery pack, the control method comprising: the master
battery pack receiving a total voltage of at least one slave battery pack from each slave
battery pack whenever a predetermined time period passes, calculating a target total voltage
using a total voltage of the master battery pack and the received each of the total voltage of at
least one slave battery pack, and then sending the target total voltage to each slave battery
pack; and the master battery pack comparing the target total voltage with total voltages of the
master battery pack, and then connecting or disconnecting a cell group of the master battery
pack and output terminals according to the comparison result, and the at least one slave
battery pack comparing the target total voltage with the total voltage of the at least one slave
battery pack, and then connecting or disconnecting a cell group of the at least one slave
battery pack and output terminals according to the comparison result.

In another aspect of the present invention, there is provided a control method for a master
battery pack communicating with at least one slave battery pack, the control method
comprising: receiving a total voltage of each slave battery from each slave battery pack
whenever a predetermined time period passes, and sensing a total voltage of the master
battery pack; calculating a target total voltage using the received total voltage of each slave
battery pack and the sensed total voltage of the master battery pack; and sending the

calculated target total voltage to each slave battery pack, comparing the target total voltage

with the total voltage of the master battery pack, and then connecting or disconnecting a cell

group of the master battery pack and output terminals according to the comparison result.
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In another aspect of the present invention, there is provided a control method for a
slave battery pack in a multi battery pack system including a plurality of slave battery
packs connected and communicated with a master battery pack that calculates a target
total voltage using a total voltage of all battery packs, the control method comprising:
sensing a total voltage according to a request of the master battery pack and sending the
total voltage to the master battery pack whenever a predetermined time period passes;
receiving the target total voltage from the master battery pack; and comparing the target
total voltage with a total voltage of the slave battery pack, and connecting or
disconnecting a cell group of the slave battery pack and output terminals according to
the comparison result.

In an exemplary embodiment, there is provided a multi battery pack system
including a master battery pack that receives a total voltage from each slave battery pack
and calculates a target total voltage using a total voltage of the master battery pack and
total voltages of all slave battery pack whenever a predetermined time period passes,
sends the calculated target total voltage to each slave battery pack, compares the target
total voltage with the total voltage of the master battery pack, and then connects or
disconnects a cell group of the master battery pack and output terminals according to the
comparison result; and at least one slave battery pack that sends a total voltage of the
slave battery pack according to a request of the master battery pack, receives a target
total voltage from the master battery pack, compares the target total voltage with the
total voltage of the slave battery pack, and then connects or disconnects a cell group of
the slave battery pack and output terminals according to the comparison result.

The master battery pack of the multi battery pack system may receive TTLV (total
voltage) of a plurality of slave battery packs whenever a predetermined time period
passes, calculates TGTTLV (target total voltage) according to a charging or discharging
mode, and sends the TGTTLV to the plurality of slave battery packs, while the plurality
of slave battery packs receiving the TGTTLV connects a plurality of cells and output
terminals for charging or discharging based on the TTLV and the TGTTLYV by
themselves.

As mentioned above, the present invention allows control of a plurality of battery
packs provided to a multi battery pack system just by providing the TGTTLV to the
plurality of slave battery packs, thereby not applying loads on the master battery pack

though the number of slave battery packs is increased.
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Brief Description of the Drawings

Other features and aspects of the present invention will become apparent from the
following description of embodiments with reference to the accompanying drawing in
which:

FIG. 1 is a schematic diagram showing a multi battery pack system according to a
preferred embodiment of the present invention;

FIG. 2 is a circuitry diagram showing a battery pack according to a preferred
embodiment of the present invention;

FIG. 3 is a flowchart illustrating the process of controlling a master battery pack
according to a preferred embodiment of the present invention;

FIG. 4 is a flowchart illustrating the process of controlling a slave battery pack
according to a preferred embodiment of the present invention;

FIG. 5 is a schematic view showing a data format according to a preferred
embodiment of the present invention;

FIG. 6 is a flowchart illustrating a discharging method according to a preferred
embodiment of the present invention;

FIG. 7 is a flowchart illustrating a charging method according to a preferred
embodiment of the present invention; and

FIG. 8 is a graph showing a waveform of a target total voltage (TGTTLV) according

to a preferred embodiment of the present invention.

Best Mode for Carrying Out the Invention

Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings. Prior to the description, it should
be understood that the terms used in the specification and the appended claims should
not be construed as limited to general and dictionary meanings, but interpreted based on
the meanings and concepts corresponding to technical aspects of the present invention
on the basis of the principle that the inventor is allowed to define terms appropriately for
the best explanation. Therefore, the description proposed herein is just a preterable
example for the purpose of illustrations only, not intended to limit the scope of the
invention, so it should be understood that other equivalents and modifications could be
made thereto without departing from the scope of the invention.

FIG. 1 shows a multi battery pack system according to a preferred embodiment of

the present invention.
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[22] Referring to FIG. 1, the mult1 battery pack system includes a master battery pack
100 and 1% to N™ slave battery packs 102~10N+2.

[23] The master battery pack 100 and the 1* to N™ slave battery packs 102~10N+2 are
connected to power output terminals V+, V- in parallel, and output predetermined power
to the power output terminals V+, V-,

[24] The master battery pack 100 requests a total voltage (TTLV) to the 1% to N slave
battery packs 102~10N+2 whenever a predetermined time period passes. Then, if the 1%
to N slave battery packs 102~10N+2 provides TTLV according to the request, the
master battery pack 100 calculates a target total voltage (TGTTLV) based on its own
TTLV and a TTLV of the 1*' to N™ slave battery packs 102~10N+2, and sends the
TGTTLYV to the 1% to N slave battery packs 102~10N+2.

[25] After that, the master battery pack 100 compares the TGTTLV with its own TTLV,
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[26]

[27]

28]

[29]

[30]

[31]

[32]

[33]

and then connects or disconnects a cell group and an output terminal according to the
comparison result. In particular, the master battery pack 100 selectively controls a
switching element of a switching unit according to a charging or discharging mode.

In addition, if the TGTTLYV is provided from the master battery pack 100, the 1* to
N" slave battery packs 102~10N+2 compare the TGTTLYV with their own TTLV, and
then connect or disconnect the cell group and the output terminal according to the
comparison result. In particular, the 1 to N" slave battery packs 102~10N+2 se-
lectively control a switching element of a switching unit according to the charging or
discharging mode.

Here, when the switching units of the master battery pack 100 and the 1° to N
slave battery packs 102~10N+2 connect the cell group with the output terminals V+,
V-, each battery pack i1s connected in parallel based on the output terminals V+, V-.

The master battery pack 100 and the 1° to N" slave battery packs 102~10N+2 have
the same configuration but they are different just in their operations as a master or a
slave, so only one battery pack will be described in detail below with reference to FIG.
2.

Referring to FIG. 2, when being set as a master, a controller 200 of the battery pack
receives TTLV from the 1% to N" slave battery packs 102~10N+2, and receives its own
TTLYV from a cell voltage and current detection circuit 202. Then, the controller 200
calculates TGTTLYV of the entire battery packs and sends the calculated TGTTLYV to
the 1% to N slave battery packs 102~10N+2, together with controlling a switching unit
206 according to the TGTTLV.

In particular, the controller 200 set as a master calculates TGTTLYV of the entire
battery pack based on a minimum voltage of the entire battery packs in case of a
charging mode, while it calculate TGTTLYV of the entire battery packs based on a
maximum voltage of the entire battery packs in case of a discharging mode. Here, the
TGTTLYV of the charging mode or the discharging mode 1s determined 1n consideration
of a maximum load current, a switching current capacity of each pack, a pack
temperature, a current flow, TTLV of each pack, an internal resistance of the battery,
and characteristics of the battery.

In addition, when being set as a slave, the controller 200 sends i1ts own TTLV
according to the request of the master battery pack 100, and controls the switching unit
206 according to the TGTTLYV provided from the master battery pack 100.

Also, the controller 200 1s operated using a driving signal, and it i1s connected with
another battery pack via a communication path to conduct serial communication
conforming to RS 232.

The communication format employed in the present invention 1s composed of 1 bit

for start, 8 bits for data, and 1 bit for end, with a communication rate of 9600 [bps], as
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[34]

[35]

[36]

[37]
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[41]

shown in (a) of FIG. 5. Here, though the preferred embodiment of the present
invention just exemplifies serial communication conforming to RS 232, it 1s apparent
to those having ordinary skill in the art that various communication methods such as
IIC may be employed.

The controller 200 may carry a TTLV request message, composed of an address
and a command of the slave battery pack, on a data region of the communication
format and then send it to any one slave battery pack, or it may carry a TTLV response
message, composed of its own maximum and minimum voltages, to the master battery
pack 100 according to the TTLV request message, as shown 1n (b) of FIG. 5.

In addition, as shown in (¢) of FIG. 5, the controller 200 may send a TGTTLV
informing message composed of a command and an address indicating all of the 1" to
N" slave battery packs 102~10N+2, and maximum and minimum voltages of
TGTTLV.

Meanwhile, the controller 200 receives a detected voltage of each of the plurality of
cells Cell1~Cell8 included 1n a cell group 204 from the cell voltage and current
detection circuit 202, and then adds the detected voltages to calculate its own TTLV.

In addition, 1n case the TTLYV of the controller 200 1s different from TGTTLYV, the
controller 200 controls the switching unit 206 to connect both ends of the cell group
204, 1in which the plurality of cells Cell1~Cell8 are connected in series, to the output
terminals V+, V-.

The switching unit 206 1s composed of a charging switching element (CFET) and a
discharging switching element (DFET) connected in series between the cell group 204
and the output terminal V+, and a switching element controller 208. The switching
element controller 208 controls the CFET and the DFET under the control of the
controller 200. That 1s to say, the switching element controller 208 turns on the CFET
in case of a charging mode, and turns on the DFET 1n case of a discharging mode. The
switching unit 206 configured as mentioned above 1s well known 1n the battery pack
field, already disclosed in Japanese Patent Publication H10-321535, and not described
in detail here.

The cell voltage and current detection circuit 212 detects voltage and current of
each of the plurality of cells Cell1~Cell8 and inputs the voltage and current to AD
terminals of the controller 200. In particular, a current sensing resistance R 1s
connected in series between the cell group 204 and the output terminal V-, and the cell
voltage and current detection circuit 202 senses a current using voltages at both ends of
the current sensing resistance R.

The cell group 204 1s composed of a plurality of chargeable cells Cell1~Cell8
connected 1n series.

Now, the operation of the multi battery pack according to a preferred embodiment

CA 02633475 2008-06-13
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[42]

[43]

[44]

[45]
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[47]

[43]

[49]

of the present invention will be described 1n more detail with reference to a flowchart.

FIG. 3 1s a flowchart illustrating the process of calculating TGTTLYV conducted by
the master battery pack according to a preferred embodiment of the present invention.

Referring to FIG. 3, the controller of the master battery pack 100 checks whether a
predetermined time period passes, by using an internal timer (not shown) (Step 300).
Here, the predetermined time period may be determined several ten milliseconds or
several seconds. Whenever the predetermined time period passes, the controller of the
master battery pack 100 sends a TTLV request message to each of the 1” to N" slave
battery packs 102~10N+2 connected thereto through a communication path (Step 302).

If the 1% to N" slave battery packs 102~10N+2 sends a TTLV response message
according to the TTLV request message (YES of Step 304), the controller of the
master battery pack 100 detects its own TTLYV through its own cell voltage and current
detection circuit (Step 306). Thus, the controller obtains TTLV of all of the battery
packs 100, 102~10N+2, and calculates TGTTLYV using the TTLV of all of the battery
packs 100, 102~10N+2 (Step 308). In particular, the controller calculates TGTTLYV of
all battery packs based on a minimum voltage of all battery packs in case of the
charging mode, and calculates TGTTLYV of all battery packs based on a maximum
voltage of all battery packs in case of the discharging mode. Then, the controller stores
the TGTTLYV into a memory (not shown).

If the TGTTLYV is calculated, the controller of the master battery pack 100
configures the TGTTLYV into a TGTTLYV informing message, and then sends the
TGTTLV informing message to the 1" to N" slave battery packs 102~10N+2 (Step
310).

FIG. 4 1s a flowchart illustrating that the slave battery pack sends its own TTLYV in
communication with the master battery pack, and receives and stores TGTTLV. Here
the 1% to N" slave battery packs 102~10N+2 are processed in an identical way, so only
one slave battery pack will be explained.

Referring to FIG. 4, if a TTLV request message 1s received from the master battery
pack 100 (YES of Step 400), the controller of the slave battery pack detects its own
TTLYV using the cell voltage and current detection circuit (Step 402), and then
configures the detected TTLYV into a TTLV response message and sends the TTLV
response message to the master battery pack 100 (Step 404).

After that, 1f a TGTTLYV message 1s received from the master battery pack 100
(YES of Step 406), the controller of the slave battery pack stores the received
TGTTLYV in a memory (not shown) (Step 408).

According to FIGs. 3 and 4, the master battery pack determines TGTTLYV based of
TTLYV of all battery packs 100, 102~10N+2 whenever a predetermined time period
passes. Thus, if the TTLYV for all battery packs 100, 102~10N+2 1s changed according

CA 02633475 2008-06-13
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[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

to charging or discharging, the TGTTLYV 1s also changed. Accordingly, any slave
battery pack having TTLV not corresponding to the TGTTLYV becomes corresponded
to the TGTTLV.

Now, the operation of the battery pack according to the TGTTLYV will be explained
with reference to the drawings.

First, the operation in the discharging mode 1s described with reference to the
flowchart of FIG. 6.

In case of the discharging mode (YES of Step 600), the controller of the master or
slave battery pack detects its own TTLYV using the cell voltage and current detection
circuit (Step 306), and then compares the detected TTLV with a previously stored
TGTTLYV to check whether both voltages are corresponding to each other (Step 602).
Here, both voltages are corresponded to each other when the TTLV 1s equal to or
oreater than the TGTTLV.

If the detected TTLYV 1s corresponded to the previously stored TGTTLV (YES of
Step 602), the controller of the master or slave battery pack controls the switching unit
to connect the output terminals V+, V- and the cell group (Step 604). Thus, the
charging voltage of cells in the cell group 1s discharged through the output terminals
V+, V-.

Now, the operation in the charging mode 1s described with reference of the
flowchart of FIG. 7.

In case of the charging mode (YES of Step 700), the controller of the master or
slave battery pack detects its own TTLYV using the cell voltage and current detection
circuit (Step 306), and then compares the detected TTLV with a previously stored
TGTTLYV to check whether both voltages are corresponded to each other (Step 702).
Here, both voltages are corresponded to each other when the TTLV 1s smaller than or
equal to the TGTTLYV.

If the detected TTLV 1s corresponded to the previously stored TGTTLV (YES of
Step 702), the controller of the master or slave battery pack controls the switching unit
to connect the output terminals V+, V- and the cell group (Step 704). Thus, cells in the
cell group are discharged according to the power input through the output terminals
V+, V-

Now, the operation of the battery pack according to a preferred embodiment of the
present invention will be explained again with reference to FIG. 8.

The master battery pack 100 determines TGTTLYV based on TTLV of all battery
packs 100, 102~10N+2 whenever a predetermined time period passes, so TGTTLYV 1s
also changed according to charging or discharging. Since the TGTTLYV 1is changed
according to charging or discharging, slave battery packs connected in parallel for

charging or discharging are also changed.

CA 02633475 2008-06-13
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[59]

[60]

[61]

[62]

[63]

[64]

Seeing the discharging mode 1in more detail with reference to (a) of FIG. 8, a
discharging process 1s conducted while only a predetermined battery pack A cor-
responding to an 1nitial target total voltage TGTTLV1 1s connected to the output
terminals, so TTLV for the predetermined battery pack A 1s dropped.

In linkage with the voltage drop of the predetermined battery pack A, an average of
TTLYV for all battery packs 100, 102~10N+2 1s also dropped, and accordingly the
target total voltage calculated based on the TTLV for all battery packs 100,
102~10N+2 1s also dropped (TGTTLV1 -> TGTTLV?2). For example, if an average of
TTLYV of all battery packs 100, 102~10N+2 obtained at a certain time point 18
decreased lower than an average of TTLV calculated at a former time point by more
than a given criterion value, the TTLYV 1s dropped to a level between the average of
TTLYV calculated at the current time point and the maximum TTLYV. However, the
present invention is not limited thereto. Thus, it would be apparent to those having
ordinary skill in the art that various modifications are possible, for example a TGTTLV
level may be periodically decreased with setting a dropping level of TTLV 1n advance.

As the TGTTLYV i1s dropped, a battery pack B having a lower TTLV than the pre-
determined battery pack A 1s connected to the output terminals in parallel. Ac-
cordingly, the battery packs A and B are discharged at the same time. In addition, if the
TGTTLYV i1s lowered again from TGTTLV2 to TGTTLV3 as time goes, the battery
packs A, B and C are actively connected to the output terminals and then discharged at
the same time.

As mentioned above, in the present invention, TGTTLYV is changeable according to
a voltage change caused by discharging, each of the plurality of battery packs checks
its connecting ability by itself according to the change of TGTTLYV, and it makes a
connection to the output terminals according to the results.

Seeing the charging mode in more detail with reference to (b) of FIG. 8, a charging
process 1s conducted while only a predetermined battery pack D corresponding to an
initial target total voltage TGTTLV6 i1s connected to the output terminals, so TTLV for
the predetermined battery pack D 1s increased.

In linkage with the TTLV increase of the predetermined battery pack D, an average
of TTLYV for all battery packs 100, 102~10N+2 1s also increased, and accordingly the
target total voltage calculated based on the TTLV for all battery packs 100,
102~10N+2 1s also increased (TGTTLV6 -> TGTTLYV)). For example, i1f an average of
TTLYV of all battery packs 100, 102~10N+2 obtained at a certain time point 18
increased higher than an average of TTLV calculated at a former time point by more
than a given criterion value, the TTLYV is increased to a level between the minimum
TTLYV and the average of TTLV calculated at the current time point. However, the

present invention is not limited thereto. Thus, it would be apparent to those having
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ordinary skill in the art that various modifications are possible, for example a TGTTLV
level may be periodically increased with setting an increase level of TTLV in advance.

[65] As the TGTTLYV is increased as mentioned above, a battery pack E having a higher
TTLV than the predetermined battery pack D is also connected to the output terminals
in parallel. Accordingly, the battery packs D and E are discharged at the same time. In
addition, if the TGTTLYV is increased again from TGTTLVS to TGTTLV4 as time goes,
the battery packs D, E and F are actively connected to the output terminals and then
discharged at the same time.

[66] As mentioned above, in the present invention, TGTTLV is changeable according to
a voltage change caused by charging, each of the plurality of battery packs checks its
connecting ability by itself according to the change of TGTTLV, and it makes a
connection to the output terminals according to the results.

[67] The embodiment of the present invention described above also includes a computer-
readable medium including program commands for executing the operations realized by
various computers. The computer-readable medium may include program commands,
data files, data structures and so on, in single or in combination. The program
commands of the medium may be specially designed for the present invention, or well

known 1n the art and available from the market.
Industrial Applicability

[68] In one aspect of the present invention, the multi battery pack system of the present
invention may control numerous slave battery packs without increasing loads on a
master battery pack.

[69] In another aspect of the present invention, the master battery pack does not directly

control slave battery packs, thereby ensuring easy mounting and detaching of the slave

battery packs.

[70] The present invention has been described in detail. However, it should be
understood that the detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only, since
various changes and modifications within the scope of the invention will become

apparent to those skilled in the art from this detailed description.
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What 1s claimed 1s:

1. A master battery pack communicating with at least one slave battery pack in multi
battery pack, comprising:

a cell group composed of a plurality of cells connected 1n series;

a voltage detection circuit for sensing a voltage of each of the plurality of cells and

outputting a total voltage of the master battery pack;

a switching unit for connecting or disconnecting the cell group and output terminals;
and

a controller configured for receiving a total voltage of at least one slave battery pack
and the total voltage output of the master battery pack from the voltage detection circuit to
calculate a target total voltage, sending the calculated target total voltage to each slave battery
pack, comparing the calculated target total voltage with the total voltage of the master battery

pack, and then controlling the switching unit according to the comparison result.

2. The battery pack according to claim 1,
wherein, in case of a charging mode, the target total voltage is calculated as a target
total voltage for all battery packs based on a minimum voltage for all battery packs, and
wherein, in case of a discharging mode, the target total voltage is calculated as a target

total voltage for all battery packs based on a maximum voltage for all battery packs.

3. The battery pack according to claim 2,
wherein, in the charging mode, the target total voltage is increased step by step as time

goes, and
wherein, in the discharging mode, the target total voltage is dropped step by step as time

goes.

4, The battery pack according to claim 1, wherein the switching unit includes:
a charging switching element for connecting the cell group with the output terminals so

as to charge the cell group;
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a discharging switching element for connecting the cell group with the output terminals

so as to discharge the cell group; and

a switching element controller for controlling the charging and discharging switching

elements,

wherein the controller controls the switching element controller according to the

charging mode and the discharging mode.

S, The battery pack according to claim 1, wherein the controller is configured to receive
the total voltage of at least one slave battery pack and the total voltage output from the voltage

detection circuit and calculate the target total voltage whenever a predetermined time period

passes.

6. A slave battery pack communicating with a master battery pack including a controller
which calculates a target total voltage in multi battery pack, comprising;

a cell group composed of a plurality of cells connected in series;

a voltage detection circuit for sensing a voltage of each of the plurality of cells and
outputting a total voltage of the slave battery pack;

a switching unit for connecting or disconnecting the cell group and output terminals;
and

a controller configured for receiving the total voltage output of the slave battery pack
from the voltage detection circuit according to a request of the master battery pack and sending

the total voltage of the slave battery pack to the master battery pack, receiving a target total
voltage from the master battery pack and comparing the target total voltage with the total
voltage of the slave battery pack, thereby controlling the switching unit according to the

comparison result.

i

7. The battery pack according to claim 6, wherein the switching unit includes:

a charging switching element for connecting the cell group with the output terminals so
as to charge the cell group;

a discharging switching element for connecting the cell group with the output terminals

so as to discharge the cell group; and
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a switching element controller for controlling the charging and discharging switching

elements,

wherein the controller controls the switching element controller according to the

charging mode and the discharging mode.

8. A multi battery pack system including:

a master battery pack configured to receive a total voltage from each slave battery pack
and calculate a target total voltage using a total voltage of the master battery pack and total
voltages of all slave battery pack whenever a pre-determined time period passes, send the
calculated target total voltage to each slave battery pack, compare the target total voltage with
the total voltage of the master battery pack, and then connect or disconnect a cell group of the
master battery pack and output terminals according to the comparison result; and

a plurality of slave battery packs including at least one slave battery pack configured to
send a total voltage of the slave battery pack according to a request of the master battery pack,
receive a target total voltage from the master battery pack, compare the target total voltage with
the total voltage of the slave battery pack, and then connect or disconnect a cell group of the

slave battery pack and output terminals according to the comparison result.

0. The multi battery pack system according to claim 8,
wherein, in case of a charging mode, the target total voltage is calculated as a target
total voltage for all battery packs based on a minimum voltage for all battery packs, and

wherein, in case of a discharging mode, the target total voltage 1s calculated as a target

total voltage for all battery packs based on a maximum voltage for all battery packs.

10.  The multi battery pack system according to claim 9,

wherein, in the charging mode, the target total voltage is increased step by step as time
goes, and

wherein, in the discharging mode, the target total voltage is dropped step by step as time

goes.
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I1. A control method for a multi battery pack system including a master battery pack and at
least one slave battery pack communicated with the master battery pack, the control method
comprising:

the master battery pack receiving a total voltage of at least one slave battery pack from
each slave battery pack whenever a predetermined time period passes, calculating a target total
voltage using a total voltage of the master battery pack and the received each of the total
voltage of at least one slave battery pack, and then sending the target total voltage to each slave
battery pack; and |

the master battery pack comparing the target total voltage with total voltages of the
master battery pack, and then connecting or disconnecting a cell group of the master battery
pack and output terminals according to the comparison result, and the at least one slave battery
pack comparing the target total voltage with the total voltage of the at least one slave battery

pack, and then connecting or disconnecting a cell group of the at least one slave battery pack

and output terminals according to the comparison result.

12.  The control method for a multi battery pack system according to claim 11,
wherein, in case of a charging mode, the target total voltage is calculated as a target
total voltage for all battery packs based on a minimum voltage for all battery packs, and
wherein, in case of a discharging mode, the target total voltage 1s calculated as a target

total voltage for all battery packs based on a maximum voltage for all battery packs.

13.  The control method for a multi battery pack system according to claim 12,

wherein, 1n the charging mode, the target total voltage 1s increased step by step as time
goes, and

wherein, in the discharging mode, the target total voltage 1s dropped step by step as time

goes.

14. A control method for a master battery pack communicating with at least one slave
battery pack, the control method comprising:
receiving a total voltage of each slave battery from each slave battery pack whenever a

predetermined time period passes, and sensing a total voltage of the master battery pack;
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calculating a target total voltage using the received total voltage of each slave battery

pack and the sensed total voltage of the master battery pack; and
sending the calculated target total voltage to each slave battery pack, comparing the
target total voltage with the total voltage of the master battery pack, and then connecting or

disconnecting a cell group of the master battery pack and output terminals according to the

comparison result.

15.  The control method for a master battery pack according to claim 14
wherein, in case of a charging mode, the target total voltage is calculated as a target
total voltage for all battery packs based on a minimum voltage for all battery packs, and
wherein, in case of a discharging mode, the target total voltage is calculated as a target

total voltage for all battery packs based on a maximum voltage for all battery packs.

16.  The control method for a master battery pack according to claim 15

wherein, in the charging mode, the target total voltage is increased step by step as time
goes, and

wherein, in the discharging mode, the target total voltage is dropped step by step as time

goes.

17. A control method for a slave battery pack in a multi battery pack system including a
plurality of slave battery packs connected and communicated with a master battery pack that
calculates a target total voltage using a total voltage of all battery packs, the control method
comprising:

sensing a total voltage according to a request of the master battery pack and sending the
total voltage to the master battery pack whenever a predetermined time period passes;

receiving the target total voltage from the master battery pack; and

comparing the target total voltage with a total voltage of the slave battery pack, and
connecting or disconnecting a cell group of the slave battery pack and output terminals

according to the comparison result.

18.  The control method for a slave battery pack according to claim 17,
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wherein, 1n case of a charging mode, the target total voltage is calculated as a target
total voltage for all battery packs based on a minimum voltage for all battery packs, and

wherein, 1n case of a discharging mode, the target total voltage is calculated as a target

total voltage for all battery packs based on a maximum voltage for all battery packs.

19.  The control method for a slave battery pack according to claim 18,

wherein, 1n the charging mode, the target total voltage 1s increased step by step as time
goes, and

wherein, in the discharging mode, the target total voltage 1s dropped step by step as time

goges.
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