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A control system includes a state-of-charge (SOC) measurer
and a controller. The SOC measurer measures states of charge
of first and second battery packs. The controller adjust the
SOCs of the first and second battery packs. When a difference
between the SOCs of the first and second battery packs is
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Publication Classification battery packs before the adjustment is equal to an average of
the SOCs ofthe first and second battery packs after the adjust-
(51) Int.ClL ment. The controller pulse-charges or pulse-discharges the
H02J 7/00 (2006.01) first and second battery packs with a first C-rate.
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FIG. 2A

LIFETIME BY CENTER SOCS
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FIG. 2B

LIFETIME BY NEGLECT SOCS
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FIG. 3A
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FIG. 5A

LIFETIME PREDICTION BY C-RATES

[1 Cycle per 1 Day]
85%

80%

Capacity[ %]

75%

0 1 2 3 4
C-rate[C]



US 2016/0226269 Al

Aug. 4,2016 Sheet 8 of 13

Patent Application Publication

%62 |%1°62 |%5°62 |%26 | %682 |%r8s | %6722 (%122 |%6752 | %vs |%v 0L |%5 00 zo__ﬁ\_w%wﬁww‘mm N
0o¢ | oz | ot | 60 | 80| 20 ] 90 | o | vo | so]| zo | to
d¢ "OIA




Patent Application Publication Aug. 4,2016 Sheet9of 13 US 2016/0226269 A1

c-rate




US 2016/0226269 Al

Aug. 4,2016 Sheet 10 of 13

Patent Application Publication

6B

FIG.

time

time

time



Patent Application Publication Aug. 4,2016 Sheet 11 0f13 US 2016/0226269 A1

FIG. 7
100°
S\(V1

-—SW2 ®
. oo |
I = - STATE coNTROLLER [ 140
P& - OF

10—+ & 8z [H—120 CHARGE
L E o MEASURER
|3 = — UNIT SN 50
N I CALCULATOR[ ™
’ ©




Patent Application Publication

Aug. 4,2016 Sheet12 of 13

FIG. 8
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BATTERY CHARGE AND DISCHARGE
CONTROL SYSTEM AND BATTERY CHARGE
AND DISCHARGE CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2015-0015594,
filed on Jan. 30, 2015, and entitled, “Battery Charge and
Discharge Control System and Battery Charge and Discharge
Control Method,” is incorporated by reference herein in its
entirety.

BACKGROUND

[0002] 1. Field

[0003] Oneormore embodiments described hereinrelate to
a battery charge and discharge control system and a battery
charge and discharge control method.

[0004] 2. Description of the Related Art

[0005] A mobile device may operate based on power from
a rechargeable battery pack.

[0006] In order to extend the time of use of the mobile
device, the battery pack may be frequently charged. Another
approach involves using two battery packs to power one
mobile device. The two battery packs may have the same size
and chemical properties.

[0007] Each battery pack may have a control circuit and a
fuel gauge circuit or a microcomputer. The fuel gauge circuit
or microprocessor calculate the capacity of the battery pack.
However, these circuits increase the price of the battery pack.
In addition, two battery packs used for one device may have
the same shape, chemical properties, the capacity, and charge
voltage or charge current. This increases size and lowers
energy efficiency per volume.

[0008] Generally, a battery may experience less deteriora-
tion when not in use and may experience greater deterioration
when in use. In order to slow deterioration, the battery may be
used at a low rate rather than a high rate. In a further attempt
to slow deterioration, the battery may only be used when in a
better state of charge (SOC) state.

[0009] When an energy storage system or battery system,
including battery packs connected in series or parallel, is
charged or discharged, all battery packs connected in parallel
operate. Thus, when batteries are in a rest state or are used for
a long time in an SOC region in which deterioration charac-
teristics of the batteries are not relatively good, the lifetimes
of the batteries may be reduced.

SUMMARY

[0010] In accordance with one or more embodiments,

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0012] FIG.1illustrates an embodiment of a battery charge
and discharge control system;

[0013] FIGS. 2A and 2B illustrate examples of the lifetime
of a battery according to SOC;

[0014] FIGS. 3A and 3B illustrate examples relating to a
method for adjusting SOC of a battery pack;

[0015] FIG. 4 illustrates an embodiment of a charge and
discharge switch;
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[0016] FIGS. 5A and 5B illustrate examples of a remaining
capacity of a battery pack according to a C-rate;

[0017] FIG. 6A illustrates a continuous charge and dis-
charge operation performed by one proposed method, and
FIG. 6B illustrates a continuous charge and discharge opera-
tion according to one embodiment;

[0018] FIG. 7 illustrates another embodiment of a battery
charge and discharge control system;

[0019] FIG. 8illustrates an embodiment of a battery charge
and discharge control method; and

[0020] FIG. 9 illustrates another embodiment of a battery
charge and discharge control method.

DETAILED DESCRIPTION

[0021] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
The embodiments may be combined to form additional
embodiments. Like reference numerals refer to like elements
throughout.

[0022] FIG. 1illustrates an embodiment of a battery charge
and discharge control system 100 which includes a first bat-
tery pack 110, a second battery pack 120, a state-of-charge
(SOC) measuring unit 130, and a charge and discharge con-
troller 140. The first battery pack 110 and the second battery
pack 120 are connected in parallel. In FIG. 1, two battery
packs 110 and 120 are illustrated. In another embodiment,
three or more battery packs may be connected in parallel, for
example, depending on system requirements to increase
capacity. Also, a plurality of battery groups including a plu-
rality of battery packs connected in series may be connected
in parallel to increase capacity and an output voltage.

[0023] The SOC measuring unit 130 is connected to the
first battery pack 110 and the second battery pack 120 to
measure charge states of the first and second battery packs
110 and 120. When a difference between an SOC of the first
battery pack 110 and an SOC of the second battery pack 120
is less than a first threshold value, the charge and discharge
controller 140 adjusts the SOCs of the first and second battery
packs 110 and 120. The adjustment involves setting the dif-
ference between the SOC of the first battery pack 110 and the
SOC of the second battery pack 120 equal to the first thresh-
old value. Also, an average ofthe SOCs ofthe first and second
battery packs 110 and 120 before the adjusting are set equal to
an average of the SOCs of the first and second battery packs
110 and 120 after the adjustment.

[0024] For example, when the SOC of the first battery pack
110 is 45%, the SOC of the second battery pack is 55%, and
the first threshold value is set to 20%, the charge and dis-
charge controller 140 may adjust the SOCs of the first and
second battery packs 110 and 120 so that the SOC of the first
battery pack 110 is 40% and the SOC of the second battery
pack 120 is 60%.

[0025] Adjusting the SOCs of the first and second battery
packs 110 and 120 so that the difference between the SOC of
the first battery pack 110 and the SOC of the second battery
pack 120 becomes 20% is only one example. The difference
may correspond to a different value in another embodiment.
In addition, if the SOC of the first battery pack 110 and the
SOC of'the second battery pack 120 are each 50% before the
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adjustment, the SOC of one of the first or second battery
packs 110 and 120 may be adjusted to be 40% and the SOC of
the other may be adjusted to be 60%.

[0026] The charge and discharge controller 140 adjusts the
SOCs of the first and second battery packs 110 and 120 so that
the sum of a difference between the SOC of the first battery
pack 110 after the adjustment and a first reference value and
a difference between the SOC of the second battery pack 120
after the adjustment and the first reference value is a prede-
termined value, e.g., is maximized. In this case, the first
reference value may be an SOC value for reducing or mini-
mizing lifetimes of the first and second battery packs 110 and
120.

[0027] The lifetime of a battery pack may vary depending
on the SOC of the battery pack. An SOC which increases or
maximizes lifetime may vary, for example, depending on the
type of battery packs. Although an SOC of a battery pack has
acertain value, the SOC may decrease or increase by a certain
percentage according to use of the battery pack. In this case,
the SOC of the battery pack may be adjusted so that the
battery pack operates in an SOC section where the battery
pack has relatively better lifetime characteristics. In one
embodiment, the battery pack may not be used in an SOC
section that is disadvantageous to the lifetime characteristics
of'thebattery pack, even ifthe SOC decreases or increases, by
taking into account the amount of increase or decrease of the
SOC.

[0028] In the example described above, if it is most disad-
vantageous to use a battery pack having an SOC of 50% due
to its lifetime characteristics, the SOC of the first battery pack
110 and the SOC of the second battery pack 120 may be
adjusted to be different from 50% in order to increase the
lifetimes of the first and second battery packs 110 and 112.
For example, since the first threshold value is set to 20% in the
example described above, the SOC of the first battery pack
110 and the SOC of the second battery pack 120 may be
adjusted to be 40% and 60%, respectively, in order to increase
the lifetimes of'the first and second battery packs 110 and 112.
If the first threshold value is set to 30%, instead of 20%, the
SOC of the first battery pack 110 and the SOC of the second
battery pack 120 may be adjusted to be 35% and 65%, respec-
tively.

[0029] When a difference between an SOC of the first bat-
tery pack 110 and an SOC of the second battery pack 120 is
less than a first threshold value, the charge and discharge
controller 140 adjusts the SOCs of the first and second battery
packs 110 and 120 so that the difference between the SOC of
the first battery pack 110 and the SOC of the second battery
pack 120 becomes equal to the first threshold value and an
average of the SOCs of the first and second battery packs 110
and 120 before the adjusting becomes equal to an average of
the SOCs of the first and second battery packs 110 and 120
after the adjusting.

[0030] When a difference between the SOC of the first
battery pack 110 and the SOC of the second battery pack 120
is greater than a second threshold value, the charge and dis-
charge controller 140 may charge or discharge the first and
second battery packs 110 and 120 so that the difference
between the SOC of the first battery pack 110 and the SOC of
the second battery pack 120 is less than or equal to the second
threshold value.

[0031] For example, when the second threshold value is set
to 40%, the SOC of the first battery pack 110 is 75%, and the
SOC of the second battery pack 120 is 30%, the charge and
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discharge controller 140 may adjust the SOCs of the first and
second battery packs 110 and 120 so that the difference
between the SOC of the first battery pack 110 and the SOC of
the second battery pack 120 is less than or equal to 40%. After
the adjustment, the SOC of the first battery pack 110 and the
SOC of the second battery pack 120 may be 72.5% and
32.5%, respectively. Accordingly, an average of the SOCs of
the first and second battery packs 110 and 120 before the
adjustment may be equal to an average ofthe SOCs of the first
and second battery packs 110 and 120 after the adjustment.

[0032] Thecharge and discharge controller 140 may charge
or discharge, with a first C-rate, the first battery pack 110 and
the second battery pack 120 after adjusting the SOCs of the
first and second battery packs 120 using the method described
above. In at least one embodiment, C-rate corresponds to a
current rate and is a unit for setting a current value under
various using conditions during charging and discharging of
a battery and for estimating or denoting an available using
time of the battery. A current value according to a charge and
discharge rate may be calculated by dividing a charge or
discharge current by the rated capacity of the battery. The
term “C” is used as the unit of the C-rate.

[0033] The value of the first C-rate of a charge or discharge
current used by the charge and discharge controller 140 to
charge or discharge a battery pack may be set based on a
C-rate value which increases or maximizes the lifetimes of
the first and second battery packs 110 and 120.

[0034] In one embodiment, the battery charge and dis-
charge control system 100 sets a C-rate value to be used when
charging and discharging a battery pack, based on a C-rate
value by which the lifetime of the battery pack is increased or
maximized. Even if a high current is applied through a pulse
charge and discharge, rather than a continuous charge and
discharge, deterioration of a battery may be suppressed and
the lifetime of the battery may be lengthened.

[0035] The battery charge and discharge control system
100 may include a first switch SW1 and a second switch SW2.
The first switch SW1 is turned on or turned off based on a first
control signal from the charge and discharge controller 140 to
charge or discharge the first battery pack 110. The second
switch SW2 is turned on or turned off based on a second
control signal from the charge and discharge controller 140 to
charge or discharge the second battery pack 120.

[0036] When the difference between the SOC of the first
battery pack 110 and the SOC of the second battery pack 120
is greater than a second threshold value, the charge and dis-
charge controller 140 may charge or discharge the first and
second battery packs 110 and 120 so that the difference
between the SOC of the first battery pack 110 and the SOC of
the second battery pack 120 is equal to the second threshold
value.

[0037] The second threshold value may be a value not less
than the first threshold value and, for example, may be equal
to the first threshold value. The battery charge and discharge
control system 100 sets an appropriate SOC difference
between a plurality of battery packs and adjusts an SOC
difference between or among the battery packs to the set SOC
difference when the SOC difference between the battery
packs, measured by the SOC measuring unit 130, is different
from the set SOC difference.

[0038] The first threshold value may be a reference value
for increasing an SOC difference between battery packs hav-
ing a small SOC difference therebetween. The second thresh-
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old value may be a reference value for reducing an SOC
difference between battery packs having a large SOC difter-
ence therebetween.

[0039] Each of the first and second threshold values may
include an offset. When both the first threshold value and the
second threshold value are 40% and have an offset 0f 2%, an
operation for adjusting SOCs of battery packs may not be
performed when an SOC difference between the battery
packs is equal to or greater than 38% and is equal to or less
than 42%. When the SOC difference between the battery
packs is less than 38%, the SOC difference may be increased
so that the SOC difference between the battery packs is 40%.
In addition, when the SOC difference between the battery
packs is greater than 42%, the SOC difference may be
reduced so that the SOC difference between the battery packs
is 40%.

[0040] When the SOCs of'the first and second battery packs
110 and 120 are equal to or less than 10% or equal to or greater
than 90% before adjusting the SOCs thereof, the charge and
discharge controller 140 may not adjust the SOCs of the first
and second battery packs 110 and 120. Accordingly, evenifan
SOC difference between the first battery pack 110 and the
second battery pack 120 is equal to or less than the first
threshold value or is equal to or greater than the second
threshold value, the charge and discharge controller 140 does
not adjust the SOCs of the first and second battery packs 110
and 120 when the SOC of any one of the first and second
battery packs 110 and 120 is equal to or less than 10% or is
equal to or greater than 90%.

[0041] FIGS. 2A and 2B are graphs illustrating examples of
the lifetime of a battery according to SOC. FIG. 2A illustrates
the lifetime of a battery according to a center SOC, e.g., a
medium value between an SOC in a full charge state and an
SOC in a full discharge state. In the example of FIG. 2A, the
lifetime of a battery is shown when, based on the center SOC,
a state where the SOC is —12.5% is set as the full discharge
state and a state where the SOC is +12.5% is set as the full
charge state.

[0042] Referring to FIG. 2A, the lifetime of the battery is
shortest when the center SOC is set to 50% and the SOC is in
arange between 37.5% and 62.5%. The lifetime of the battery
is increased when the battery is used in a section where the
SOC is less than 50%, and the lifetime of the battery is also
increased when the battery is used in a section where the SOC
is greater than 50%. Accordingly, in the case of a battery
having SOC-lifetime characteristics as in FIG. 2A, a rela-
tively long lifetime may be secured when the battery is used
in a section where the SOC is not 50%.

[0043] FIG. 2B is a graph illustrating an example of the
lifetime of a battery according to a non-use SOC. The non-use
SOC may correspond to an SOC of the battery when the
battery is not being charged or discharged, e.g., in a state
where the battery is not being used. Referring to FIG. 2B, the
lifetime of the battery is shortest when the non-use SOC is
50%. Accordingly, in the case of a battery having SOC-
lifetime characteristics as in FIG. 2B, a relatively long life-
time may be secured when the battery is left in a section where
the SOC is not 50%.

[0044] Thetwo graphs of FIGS.2A and 2B illustrate results
measured with respect to a battery of a certain type, and the
SOC-lifetime characteristics in FIGS. 2A and 2B are just
examples. Different measurements or characteristics may
obtain for other embodiments.
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[0045] The SOC-lifetime characteristics of a battery may
be obtained, for example, through repeated measurements
based on the type of the battery. In one embodiment, an SOC
section may be set in which the battery is not to be used
according to measured results, and use the battery may be
used in a section other than the set section to secure a rela-
tively long lifetime.

[0046] FIGS. 3A and 3B illustrate examples of operations
of one embodiment of a method for adjusting the SOC of a
battery pack. The first battery pack 110 and a second battery
pack 120 are illustrated in FIGS. 3A and 3B. Here, it is
assumed that the first battery pack 110 and the second battery
pack 120 are connected in parallel.

[0047] FIG. 3A illustrates states of the first and second
battery packs 110 and 120 before SOCs of the first and second
battery packs 110 and 120 are adjusted. FIG. 3B illustrates
states of the first and second battery packs 110 and 120 after
the SOCs ofthe first and second battery packs 110 and 120 are
adjusted. In FIGS. 3A and 3B, a case, in which a first thresh-
old valueis set to 30% and a first reference value (e.g., an SOC
by which lifetimes of the first and second battery packs 110
are minimized) is 50%, is described as an example.

[0048] Referring to FIG. 3A, the SOC of the first battery
pack 110 and the SOC of the second battery pack 120 are 60%
and 40%, respectively, before the SOCs of the first and second
battery packs 110 and 120 are adjusted. Referring to FIG. 3B,
the SOC of the first battery pack 110 and the SOC of the
second battery pack 120 are 70% and 30%, respectively, after
the SOCs ofthe first and second battery packs 110 and 120 are
adjusted.

[0049] Since an SOC difference between the first battery
pack 110 and the second battery pack 120 is 20% and is less
than the first threshold value 0f 30%, the charge and discharge
controller 140 adjusts the SOCs of the first and second battery
packs 110 and 120 so that the SOC difference between the
first battery pack 110 and the second battery pack 120 is 30%.
In this case, the SOCs of the first and second battery packs 110
and 120 may be adjusted so that an average of the SOCs
before the adjustment of the SOCs is equal to an average of
the SOCs after the adjustment of the SOCs. In this case, the
charge and discharge controller 140 adjusts the SOCs of the
first and second battery packs 110 and 120 so that the SOC of
the first battery pack 110 is 70% after charging the first battery
pack 110 and the SOC of the second battery pack 120 is 30%
after discharging the second battery pack 120

[0050] As another example, when SOCs of two battery
packs (e.g., the first and second battery packs 110 and 120) are
45% and 60%, respectively, before adjusting the SOCs, the
first threshold value is 30%, and the first reference value is
40%, the charge and discharge controller 140 may adjusts the
SOCs of the first and second battery packs 110 and 120 so that
the SOC of the first battery pack 110 and the SOC of the
second battery pack 120 are 37.5% and 67.5%, respectively.
In this case, the SOC of the first battery pack 110, which was
45% before the adjusting of the SOCs, becomes 37.5% after
the adjusting of the SOC and thus becomes closer to the first
reference value. As the SOC of the first battery pack 110 is
closer to the first reference value, the lifetime of the first
battery pack 110 may be reduced. Thus, the first threshold
value may be set to a relatively large value to prevent reduc-
tion of the lifetime of the first battery pack 110. When the first
threshold value is set to 40%, the SOCs of the first and second
battery packs 110 and 120 may be adjusted to 32.5% and
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72.5%, respectively, so that the SOCs of the first and second
battery packs 110 and 120 are more distant from the first
reference value.

[0051] The first reference value is a value that varies
according to characteristics of a battery and may be obtained
by repeated experiments and measurements. Thus, a method
of flexibly adjusting the first threshold value according to the
first reference value and an SOC of the battery pack before
adjusting the SOC may also be used.

[0052] Inthe foregoing embodiment, the battery charge and
discharge control system 100 has been described for two
battery packs. In another embodiment, the battery charge and
discharge control system 100 may control three or more bat-
tery packs.

[0053] When the same types of three or more battery packs
are connected to each other, the SOC of each battery pack
may be measured to determine a minimum SOC and a maxi-
mum SOC and may be adjusted so that a difference between
the minimum SOC and the maximum SOC has a certain
threshold value. Since SOCs of the battery packs, by which
lifetimes of the battery packs are minimized, are identical
regardless of the number of battery packs, the SOCs of the
battery packs may be adjusted so that the battery packs oper-
ate in a range that is as distant from an SOC of a certain
section as possible.

[0054] FIG. 4 illustrates an embodiment of a charge and
discharge switch, which s a switch for selectively charging or
discharging battery packs. This switch may perform a switch-
ing operation between an external charge terminal and each
battery pack, e.g., as shown in FIG. 1. The first switch SW1
illustrated in FIG. 1 may be connected between the first
battery pack 110 and the external charge terminal. The second
switch SW2 illustrated in FIG. 1 may be connected between
the second battery pack 120 and the external charge terminal.
[0055] Each ofthe first and second switches SW1 and SW2
may include a charge switch SWch and a discharge switch
SWdis, as illustrated in FIG. 4. The battery charge and dis-
charge control system 100 charges or discharges a battery
pack according to one or more conditions, e.g., an SOC (e.g.,
a first reference value) minimizing the lifetime of the battery
pack, a current SOC of the battery pack, and/or a first thresh-
old value. Accordingly, the first switch SW1 and the second
switch SW2 may have a structure for selectively charging or
discharging a battery pack, as illustrated in FIG. 4.

[0056] FIGS. 5A and 5B illustrate examples of the remain-
ing capacity of a battery pack according to C-rate, e.g., the
remaining capacity measured while the C-rate is varied under
a condition where constant energy is charged or discharged
by charging and discharging the battery pack once a day. The
types of batteries used to measure the C-rate in FIGS. 5A and
5B are different from each other.

[0057] When the C-rate is 1C, one hour is required to
charge the battery pack from a full discharge state to a full
charge state, and one hour is also required to discharge the
battery pack from a full charge state to a full discharge state.
In addition, due to the condition of charging and discharging
the battery pack once a day, the battery pack is in a rest state
during 22 hours, except for the two hours for charging and
discharging.

[0058] Referring to FIG. 5A, in the case of charging and
discharging the battery pack with a C-rate of 3C, 20 minutes
are required for charging and discharging and a charging or
discharging operation does not occur for 23 hours and 20
minutes. In the battery used for the measurement in FIG. 5A,

Aug. 4,2016

the largest remaining capacity is measured when the battery is
charged and discharged with a C-rate of 3C. Thus, the lifetime
of the battery may be longest at this time.

[0059] Inthe battery used for the measurement in FIG. 5B,
the largest remaining capacity is measured when the battery is
charged and discharged with a C-rate of 1C. Thus, the lifetime
of the battery may be longest at this time.

[0060] Referring to FIGS.5A and 5B, itis possible to select
a certain C-rate that is most advantageous to the lifetime of a
battery, and the remaining capacity of the battery may be
increased by charging and discharging the battery with the
selected C-rate. Since the remaining capacity is a factor that
has an influence on the deterioration and lifetime of a battery,
a C-rate may be selected that is based on (e.g., advantageous
in terms of) deterioration, lifetime, capacity, and/or charac-
teristics of a battery to be used.

[0061] FIG. 6A illustrates a continuous charge and dis-
charge according to a comparative example, and FIG. 6B
illustrates a continuous charge and discharge according to one
embodiment. Continuous charge and discharge may corre-
spond to a system using a plurality of batteries, like an energy
storage apparatus, where continuous charging or discharging
currents having the same pattern are applied to all of the
plurality of batteries when charging or discharging the bat-
teries (or battery packs).

[0062] The charging and discharging method correspond-
ing to the comparative example may cause a problem where
the degradation of a battery is accelerated when a high-rate
charging current is applied to the battery to improve charging
speed.

[0063] Unlike the comparative example, the continuous
charge and discharge performed in FIG. 6B uses a pulse
charge and discharge and may be illustrated by four pulse
graphs as obtained by dividing the graph of FIG. 6 A. The four
graphs of FIG. 6B show results obtained when charging and
discharging four battery packs. When it is assumed that the
graph on the upper left side is a graph for a first battery pack,
the graph on the upper right side is a graph for a second battery
pack, the graph on the lower right side is a graph for a third
battery pack, and the graph on the lower left side is a graph for
a fourth battery pack, a charging current or a discharging
current that is discontinuous according to time is applied to
the first through fourth battery packs.

[0064] Referring to the four graphs of FIG. 6B, the C-rate
does not exceed 4C during a pulse charge and discharge.
Thus, it may be understood that a range of the C-rate was set
so as to reduce or minimize deterioration of batteries accord-
ing to characteristics of the first through fourth battery packs.
[0065] As described with reference to FIG. 5, deterioration
characteristics of a battery may vary according to the size of
the C-rate, which therefore may adversely influence the life-
time of the battery. Accordingly, the C-rate may be deter-
mined to be in a range that does not have an adverse influence
onthe deterioration characteristics of the battery and a battery
pack may be charged and discharged with the C-rate in this
range.

[0066] Thecharge anddischarge controller 140 may charge
or discharge the second battery pack during a pulse-oft time
of a pulse charge and discharge operation of the first battery
pack. This is for giving a rest time to a battery pack, and a
deterioration speed of the battery pack may be lowered by
giving the rest time to the battery pack.

[0067] Alternatively, as illustrated in FIG. 6B, the charge
and discharge controller 140 may charge or discharge the
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fourth battery pack during a pulse-off time of a pulse charge
and discharge operation of the first through third battery
packs while pulse-charging and discharging the first through
fourth battery packs.

[0068] The number of battery packs, presented in the cur-
rent specification, is only an example and may be flexibly
adjusted according to an output capacity for a system and the
size of an output voltage for the system.

[0069] FIG. 7 illustrates another embodiment of a battery
charge and discharge control system 100' which includes a
first battery pack 110, a second battery pack 120, an SOC
measuring unit 130, a charge and discharge controller 140,
and a state-of-health (SOH) calculator 150. The first battery
pack 110, the second battery pack 120, the SOC measuring
unit 130, and the charge and discharge controller 140 in FIG.
7 may be substantially the same as those in FIG. 1.

[0070] The SOH calculator 150 calculates a SOH of each of
the first and second battery packs 110 and 120. The SOH may
correspond to a performance index obtained, for example, by
comparing an ideal state of a battery with a current state of the
battery. SOH may be indicated in terms of a percentage (%),
with an SOH of 100% denoting that the current state of a
battery exactly satisfies one or more initial specifications of
the battery. The SOH may be calculated in various ways.
Examples include calculating SOH based on an internal resis-
tance, impedance, capacity, voltages, and the number of
charge and discharge operations of a battery.

[0071] The SOH calculator 150 may periodically calculate
the SOH of each of the first and second battery packs 110 and
120. When the SOHs of the first and second battery packs 110
and 120 are calculated by the SOH calculator 150, the charge
and discharge controller 140 may adjust the SOHs of the first
and second battery packs 110 and 120 according to the cal-
culated SOHs. In one embodiment, the charge and discharge
controller 140 may adjust the SOHs of the first and second
battery packs 110 and 120 only when an SOH difference
between the first battery pack 110 and the second battery pack
120 is equal to or greater than a third threshold value.
[0072] When the result of the SOH calculator 150 satisfies
an SOC adjustment condition, the charge and discharge con-
troller 140 adjusts the SOC of a battery pack. For example,
when the SOCs of the first and second battery packs 110 and
120 are set to 40% and 60%, respectively, by adjustment of
the charge and discharge controller 140 and lifetime charac-
teristics of batteries are relatively better at SOC 40%, the
SOH of the second battery pack 120 is lower than that of the
first battery pack 120.

[0073] In this case, in order to prevent the second battery
pack 120 from rapidly deteriorating compared to the first
battery pack 110, the charge and discharge controller 140 may
adjust the SOCs of'the first and second battery packs 110 and
120 so that, for example, the SOC of the first battery pack 110
is 60% and the SOC of the second battery pack 120 is 40%. In
addition, deterioration priorities may be given to a plurality of
battery packs, and the SOC of the battery pack may be
adjusted only when the SOH of a battery pack having a
relatively high priority is low.

[0074] FIG. 8 illustrates another embodiment of a battery
charge and discharge control method for controlling charge
and discharge operations of first and second battery packs
which are connected in parallel. Referring to FIG. 8, the
method includes an SOC measuring operation S110, an SOC
expanding operation S120, an SOC reducing operation S130,
and a battery charging and discharging operation S140.
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[0075] In operation S110, charge states of the first and
second battery packs are measured.

[0076] Inoperation S120, if an SOC difference between the
first battery pack and the second battery pack is equal to or
less than a first threshold value, SOCs of the first and second
battery packs are adjusted so that the SOC difference between
the first battery pack and the second battery pack equals the
first threshold value.

[0077] Inoperation S130, if an SOC difference between the
first battery pack and the second battery pack is equal to or
greater than a second threshold value, the SOCs of the first
and second battery packs are adjusted so that the SOC difter-
ence between the first battery pack and the second battery
pack equals the second threshold value.

[0078] Inoperation S140, the first and second battery packs
are pulse-charged with a first C-rate.

[0079] Inthe SOC expanding operation S120 and the SOC
reducing operation S130, the SOCs of the first and second
battery packs may be adjusted, for example, so that an average
of the SOCs of the first and second battery packs before the
adjustment is equal to an average of the SOCs of the first and
second battery packs after the adjustment. Thus, when
increasing the SOC first battery pack, the SOC of the other
battery pack is increased based on the amount of SOC
increase of the first battery pack, or vice versa.

[0080] In addition, in the SOC expanding operation S120,
the SOCs of the first and second battery packs may be
adjusted so that the sum of a difference between the SOC of
the first battery pack after the adjustment and a first reference
value and a difference between the SOC of the second battery
pack after the adjustment and the first reference value is
increased or maximized. In this case, the first reference value
may be an SOC value for reducing or minimizing lifetimes of
the first and second battery packs.

[0081] For example, when an SOC which minimizes life-
times of the first and second battery packs is 50%, the first
reference value may be 50%. In the SOC expanding operation
S120, the SOC of the first battery pack and the SOC of the
second battery pack may be adjusted to be different or distant
from 50%. However, the SOCs of the first and second battery
packs may be adjusted within a range, in which the average of
the SOCs ofthe first and second battery packs after the adjust-
ment is equal to the average of the SOCs of the first and
second battery packs before the adjustment, and an SOC
range, in which an SOC difference between the first battery
pack and the second battery pack is equal to the first threshold
value.

[0082] In the SOC expanding operation S120 or the SOC
reducing operation S130, the SOCs of the first and second
battery packs 110 and 120 may not be adjusted when the
SOCs of the first and second battery packs are equal to or less
than 10% or equal to or greater than 90% before adjusting the
SOCs. Accordingly, even if the SOC difference between the
first battery pack and the second battery pack is equal to or
less than the first threshold value or is equal to or greater than
the second threshold value, the SOCs of the first and second
battery packs are not adjusted when the SOC of one of the first
or second battery packs is equal to or less than 10% or is equal
to or greater than 90%.

[0083] Inone embodiment, the range, in which the SOC of
one of the first or second battery packs may not be adjusted,
may be changed, for example, based on the number of batter-
ies connected in parallel.
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[0084] The first C-rate in the battery charging and discharg-
ing operation S140 may be set based on a C-rate value for
which the lifetimes of the first and second battery packs are
increased or maximized. As described with reference to FIG.
5A, in a battery pack having best lifetime characteristics
when the first C-rate is 3C, the first C-rate may be set to a
value equal to or less than 4C or is close to 3C.

[0085] In the battery charging and discharging operation
S140, a rest time may be given to each battery pack by
charging and discharging the second battery pack during a
pulse-off time of a pulse charge and discharge operation of the
first battery pack. Lifetime characteristics of each battery
pack may be improved by giving the rest time to each battery
pack.

[0086] FIG. 9 illustrates another embodiment of a battery
charge and discharge control method which includes an SOC
measuring operation S210, an SOC expanding operation
S220, an SOC reducing operation S230, an SOH calculating
operation S240, and a battery charging and discharging
operation S250. The SOC measuring operation S210, the
SOC expanding operation S220, the SOC reducing operation
S230, and the battery charging and discharging operation
S250 may be substantially the same as the SOC measuring
operation S110, the SOC expanding operation S120, the SOC
reducing operation S130, and the battery charging and dis-
charging operation S140 in FIG. 8.

[0087] In operation S240, SOHs of the first and second
battery packs are calculated.

[0088] In operation S250, the SOCs of the first and second
battery packs may be adjusted based on the SOHs of the first
and second battery packs, calculated in operation S240. The
SOH may be used as an index for determining a current
lifetime state of a battery. When the SOH is high, the current
state of the battery may be most similar to a state before the
battery is used. Accordingly, it may be understood that, when
the SOH is low, the battery further deteriorated.

[0089] As described above with reference to FIG. 2, there
may be a certain SOC section that has an adverse influence on
the remaining capacity of a battery or the lifetime of the
battery according to the type of battery. Thus, the SOC of a
battery pack having a low SOH may be adjusted so that the
battery pack operates in an SOC section other than an SOC
section in which the battery pack currently operates.

[0090] For example, when the SOCs of the first and second
battery packs are set to 40% and 60%, respectively, by the
adjustment in operation S220 or operation S230, and lifetime
characteristics of batteries are relatively better at SOC 40%,
the SOH of the second battery pack is lower than that of the
first battery pack. In this case, in order to prevent the second
battery pack from rapidly deteriorating, compared to the first
battery pack, the SOC of the first battery pack and the SOC of
the second battery pack may be adjusted to 60% and 40%,
respectively, in operation S250.

[0091] In addition, in one embodiment, deterioration pri-
orities may be given to a plurality of battery packs, and the
SOC of the battery pack may be adjusted only when an SOH
of a battery pack having a relatively high priority is low.
[0092] In accordance with another embodiment, an appa-
ratus includes an interface and a controller to generate signals
for output through the interface. The signals adjust a state-of-
health (SOC) of each of a first battery pack and a second
battery pack. When a difference between the SOCs of the first
and second battery packs is less than a first threshold value,
the controller is to adjust the SOCs of the first and second
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battery packs so that the difference between the SOC of the
first and second battery packs is equal to the first threshold
value, an average of the SOCs of the first and second battery
packs before the adjustment is equal to an average of the
SOCs of the first and second battery packs after the adjust-
ment.

[0093] The interface may be may take various forms. For
example, when the controller (e.g., controller 140) is embod-
ied within an integrated circuit chip, the interface may be one
or more output terminals, leads, wires, ports, signal lines, or
other type of interface without or coupled to the controller.
[0094] The methods, processes, and/or operations
described herein may be performed by code or instructions to
be executed by a computer, processor, controller, or other
signal processing device. The computer, processor, control-
ler, or other signal processing device may be those described
herein or one in addition to the elements described herein.
Because the algorithms that form the basis of the methods (or
operations of the computer, processor, controller, or other
signal processing device) are described in detail, the code or
instructions for implementing the operations of the method
embodiments may transform the computer, processor, con-
troller, or other signal processing device into a special-pur-
pose processor for performing the methods described herein.
[0095] The controllers, adjusters, measurers, and other pro-
cessing features of the embodiments disclosed herein may be
implemented in logic which, for example, may include hard-
ware, software, or both. When implemented at least partially
in hardware, the controllers, adjusters, measurers, and other
processing features may be, for example, any one of a variety
of integrated circuits including but not limited to an applica-
tion-specific integrated circuit, a field-programmable gate
array, a combination of logic gates, a system-on-chip, a
microprocessor, or another type of processing or control cir-
cuit.

[0096] When implemented in at least partially in software,
the controllers, adjusters, measurers, and other processing
features may include, for example, a memory or other storage
device for storing code or instructions to be executed, for
example, by a computer, processor, microprocessor, control-
ler, or other signal processing device. The computer, proces-
sor, microprocessor, controller, or other signal processing
device may be those described herein or one in addition to the
elements described herein. Because the algorithms that form
the basis of the methods (or operations of the computer,
processor, microprocessor, controller, or other signal pro-
cessing device) are described in detail, the code or instruc-
tions for implementing the operations of the method embodi-
ments may transform the computer, processor, controller, or
other signal processing device into a special-purpose proces-
sor for performing the methods described herein.

[0097] Also, another embodiment may include a computer-
readable medium, e.g., a non-transitory computer-readable
medium, for storing the code or instructions described above.
The computer-readable medium may be a volatile or non-
volatile memory or other storage device, which may be
removably or fixedly coupled to the computer, processor,
controller, or other signal processing device which is to
execute the code or instructions for performing the method
embodiments described herein.

[0098] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
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be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the invention as set forth in the following
claims.
What is claimed is:
1. A battery charge and discharge control system, compris-
ing:
first and second battery packs connected in parallel;
a state-of-charge (SOC) measurer to measure charge states
of' the first and second battery packs; and
a controller to adjust SOCs of the first and second battery
packs, wherein, when a difference between the SOC of
the first battery pack and the SOC of the second battery
pack is equal to or less than a first threshold value, the
controller is to adjust the SOCs of the first and second
battery packs so that the difference between the SOC of
the first battery pack and the SOC of the second battery
pack is equal to the first threshold value, and an average
of'the SOCs of the first and second battery packs before
the adjustment is equal to an average of the SOCs of the
first and second battery packs after the adjustment,
wherein the controller is to pulse-charge or pulse-dis-
charge the first and second battery packs with a first
C-rate.
2. The system as claimed in claim 1, wherein the controller
is to:
adjust the SOCs of the first and second battery packs so that
asumofa difference between the SOC of'the first battery
pack after the adjustment and a first reference value and
a difference between the SOC of the second battery pack
after the adjustment and the first reference value is
increased, the first reference value corresponding to an
SOC value for reducing lifetimes of the first and second
battery packs.
3. The system as claimed in claim 1, wherein:
when the SOCs of the first and second battery packs are
equal to or less than 10% or equal to or greater than 90%
before adjusting the SOCs, the controller is not to adjust
the SOCs of the first and second battery packs.
4. The system as claimed in claim 1, wherein the controller
is to charge or discharge the second battery pack during a
pulse-off time of a pulse charge and discharge operation of the
first battery pack.
5. The system as claimed in claim 1, wherein:
when the difference between the SOC of the first battery
pack and the SOC of the second battery pack is equal to
or greater than a second threshold value, the controller is
to charge or discharge the first and second battery packs
so that the difference between the SOC of the first bat-
tery pack and the SOC of the second battery pack is
equal to the second threshold value.
6. The system as claimed in claim 1, further comprising:
a state-of-health (SOH) calculator to calculate SOHs of the
first and second battery packs, wherein the controller is
to adjust the SOCs of the first and second battery packs
based on an SOH calculated by the SOH calculator.
7. The system as claimed in claim 6, wherein the controller
is to adjust the SOCs of the first and second battery packs
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when a difference between the SOH of the first battery pack
and the SOH of the second battery pack is equal to or greater
than a third threshold value.

8. The system as claimed in claim 1, further comprising:

a first switch to be turned on or turned off based on a first
control signal, which is received from the controller, to
charge or discharge the first battery pack; and

a second switch to be turned on or turned oft based on a
second control signal, which is received from the con-
troller, to charge or discharge the second battery pack.

9. A method for controlling first and second battery packs
connected in parallel, the method comprising:

(a) measuring charge states (SOC) of the first and second

battery packs;

(b) adjusting the SOCs of the first and second battery packs
so that when a difference between the SOC of the first
battery pack and the SOC of the second battery pack is
equal to or less than a first threshold value, the difference
between the SOC of'the first battery pack and the SOC of
the second battery pack are equal to the first threshold
value;

(c) adjusting the SOCs of the first and second battery packs
so that when the difference between the SOC of the first
battery pack and the SOC of the second battery pack is
equal to or greater than a second threshold value, the
difference between the SOC of'the first battery pack and
the SOC ofthe second battery pack is equal to the second
threshold value; and

(d) pulse-charging the first and second battery packs with a
first C-rate.

10. The method as claimed in claim 9, wherein at least one
of (b) or (¢) includes: adjusting the SOCs of the first and
second battery packs so that an average of the SOCs of the
first and second battery packs before the adjustment of the
SOCs is equal to an average of the SOCs of the first and
second battery packs after the adjustment of the SOCs.

11. The method as claimed in claim 9, wherein (b)
includes:

adjusting the SOCs of the first and second battery packs so
that a sum of a difference between the SOC of the first
battery pack after the adjustment of the SOCs and a first
reference value and a difference between the SOC of the
second battery pack after the adjustment of the SOCs
and the first reference value is increased or maximized,
the first reference value corresponding to an SOC value
for reducing or minimizing lifetimes of the first and
second battery packs.

12. The method as claimed in claim 9, further comprising:

the SOCs of the first and second battery packs are not
adjusted when the SOCs of the first and second battery
packs are equal to or less than 10% or equal to or greater
than 90% before adjusting the SOCs.

13. The method as claimed in claim 9, further comprising:

charging the second battery pack during a pulse-off time of
a pulse charge operation of the first battery pack.

14. The method as claimed in claim 9, further comprising:

calculating a state of health (SOH) of the first and second
battery packs, and

adjusting the SOCs of the first and second battery packs
according to the SOHs of the first and second battery
packs.

15. The method as claimed in claim 14, further comprising:

adjusting the SOCs of the first and second battery packs
when a difference between the SOH of the first battery
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pack and the SOH of the second battery pack is equal to
or greater than a third threshold value.

16. An apparatus, comprising:

an interface; and

acontroller to generate signals for output through the inter-
face, the signals to adjust a state-of-health (SOC) of each
of a first battery pack and a second battery pack,
wherein:

when a difference between the SOCs of the firstand second
battery packs is less than a first threshold value, the
controller is to adjust the SOCs of the first and second
battery packs so that the difference between the SOC of
the first and second battery packs is equal to the first
threshold value, an average of the SOCs of the first and
second battery packs before the adjustment is equal to an
average of the SOCs of'the first and second battery packs
after the adjustment.

17. The apparatus as claimed in claim 16, wherein the

controller to pulse-charge or pulse-discharge the first and
second battery packs based on a predetermined C-rate.
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18. The apparatus as claimed in claim 16, wherein the
controller is to:

adjust the SOCs of'the first and second battery packs so that

asum ofa difference between the SOC of'the first battery
pack after the adjustment and a first reference value and
a difference between the SOC of the second battery pack
after the adjustment and the first reference value is
increased, the first reference value corresponding to an
SOC value for reducing lifetimes of the first and second
battery packs.

19. The apparatus as claimed in claim 16, wherein:

when the SOCs of the first and second battery packs are

equal to or less than a first value or equal to or greater
than a second value greater than the first value before the
SOCs are adjusted, the controller is not to adjust the
SOCs of the first and second battery packs.

20. The apparatus as claimed in claim 16, wherein the
controller is to charge or discharge the second battery pack
during a pulse-off time of a pulse charge and discharge opera-
tion of the first battery pack.
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